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Executive Summary

The Regional Freshwater Plan for the WellingtoniBedRFPWR) identifies the Ruamahanga River
as having regionally important amenity and recogatialues. The RFPWR also identifies the need to
enhance water quality in the mid and lower Ruamgaaspecifically for the purpose of contact

recreation. Community wastewater discharges lieeNlasterton pond discharge can affect contact
recreation values in a number of ways, one of wisdby increasing nutrient concentrations that can,
under the right circumstances, lead to nuisancetoof algae in rivers. Such growths do occur at
times in the Ruamahanga River. One possible mditroehanaging these is to determine whether an
appropriate nutrient concentration guideline, father dissolved reactive phosphorus (DRP) or
dissolved inorganic nitrogen (DIN), can be achiesedh that nuisance growths will be minimised.

This report reviews both the RFPWR and the Manawatichment Water Quality Plan (MCWQP) to
assess whether the methodology for setting thévér-nutrient (in this case DRP) standard in the
latter Plan, is appropriate for the Ruamahanga rRiVee Ruamahanga River flow regime was
critically examined to determine the appropriateraal period for use with national nutrient
guidelines, theNZ Periphyton Guideline@MfE 2000). A mathematical model was applied tedict
benthic algal growths in relation to river floodes¥s and predict algal biomass in reaches upstream
and downstream of the Masterton wastewater disehfarghe summer periods for 1988 to 2002.

The RFPWR indicates that nuisance growths mustdosidered and the guidelines provide some
guidance relative to potential nutrient thresheldsowever, these do not constitute a requirement to
meet these guideline values. The scientific ansliisis shown that high nutrient levels are naturally
present upstream and that the Ruamahanga Riveenisrgly dominated by a high frequency of
significant flood events during summer periods. Thedelling predictions have indicated that
nuisance growths will occur, but will generally beshort duration; occurring in 6 of the 15 years,
with durations from 3.5d to 35d, with most being abund 5d. The frequency and duration of
predicted nuisance growths would be considered d¢mnerally occurring for only a minimum fraction
of the summer season. Furthermore, the algal gramddel suggests that differences in river-bed
slope are the major factor affecting algal abundancthe Ruamahanga River, rather than increased
nutrient concentrations. Consideration of the maads indicates that the Masterton discharge is a
significant phosphorus load to the river, but stiirkedly less than cumulative non-point loads.

The use of thé&lZ Periphyton Guideline@VIfE 2000) requires an understanding of the ‘mdaps of
accrual’ which is not defined in that document. Wevide a detailed analysis of the flow variability
for the Manawatu and Ruamahanga rivers. We recominttesit the accrual period calculation for
application of the guidelines to the Ruamahang&Rde based on: (i) summer median flow and flood

! Accrual period is the time required for peak algal ghsab occur
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frequency (FRE3; (ii) daily mean flow data and (iii) 1-day duraii (‘filter period®) between
significant floods. Based on the above assumptioa$-RE3 for Ruamahanga was 13 floods/summer,
giving an accrual period of 13 days in summer (Meata: FRE3, 8 floods/summer, accrual period 21
days). Using this data to apply the guidelines gi@®RP criteria of 30 mgfnthat is predicted by the
guidelines, based on an empirical model, to achibeebiomass objective of 120 md/ahlorophyll

a’. However, it should be noted that there is a highree of uncertainty in the data used to derige th
biomass/accrual period relationship as used andoadiedged in the MfE (2000) guidelines.

Thus, while nutrient targets may be establishediferRuamahanga River and subsequently calculated
for the wastewater discharge, the improvementsvier rcondition in terms of reduction in average
nuisance algal biofilm growths will be slight — einflood frequency and high upstream phosphorus
concentration are controlling growths for the miyoof the time. Phosphorus limitation will only
occur under maximum algal growths conditions, whadtur during long periods of low flow.
Improving river water quality by reduction in phospus load is desirable in the context of a
component of overall phosphorus reduction meas(pest and non-point sources). Thus the key
consideration in relation to implementation of thastewater treatment plant upgrade relates to cost-
effective implementation of phosphorus reductiostams.

2 FRE3 is a flow statistic calculated as the frequesfdioods exceeding 3 times the median flow.

® ‘Filter period’ used here is a calculation factor thahi chosen number of days between flood peaks at which
the ‘flood’ is assumed to be a single event.

“ Chlorophylla is a pigment present in algae that can be measured emdsiiit used as an indicator of algae
biomass per given area of sample. The guidelines @0D) suggest that a maximum chloroplaylesult of

120 mg/ni (taken as the average of samples across a transeat)dppropriate biomass objective for rivers
being managed for recreation and aesthetic values (MfE2@83@cutive Summary Table 1).

Proposed dissolved reactive phosphorus guidelorehé Ruamahanga River v
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1. Introduction

This report extends the review of water qualitytie Ruamahanga River and the
summer 2003 studies undertaken to measure attgadrgzhyton growth in the river
upstream and downstream of the Masterton wastewateharge (Hickey 2004).

The scope of work required by Beca was outlinefibbews:

1. Review the Manawatu Catchment Water Quality PlaG\WQP) to assess
whether the methodology used for setting the iefrilissolved reactive
phosphorus (DRP) level for the Manawatu River israpriate for the
Ruamahanga River.

2. Review the appropriateness of less than halfanetbws as a trigger point
for the DRP guideline to apply.

3. Review the appropriateness of 2 percentile lows as a minimum to avoid
environmental effects.

4. Determine an appropriate DRP receiving watedejirie for the Ruamahanga
River and the flow regime at which this should gppl

5. Refine the algae growth model (previously ushregg2002/03 summer data)
using all the historical data.

Items 1 to 4 review the Ruamahanga River nutrigsues in relation to the MCWQP,
since this provides the major example in New Zehlhere nutrient standards have
been established as rules in a regional plan, atréent stripping measures have been
implemented to meet the required plan standardsp@dsons with the Manawatu
case are made within the context of the statutelgvant plan for the Ruamahanga
River, which is the Regional Freshwater Plan fa Wellington Region (RFPWR).
The review also critically considers other precddlefor establishing low flow
thresholds for compliance with plan standards, #red practicalities of operational
criteria for phosphorus removal processes. A keyppgmnent of this review was that
the New Zealand Ministry for the Environment “Newaland periphyton guideline:
detecting, monitoring and managing enrichment oéashs” (MfE 2000) has been
released since the Manawatu MCWQP standards wepet!

The river modelling of attached benthic periphyteas undertaken by Dr Niall
Broekhuizen, who has developed and successfullireabp periphyton growth model
for small streams in the Whatawhata catchment riéamilton. This model

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 1
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incorporates algal biofilm growth, grazing and lélssough flooding. The model has
been parameterised and run for several upstreamdammstream reaches in the
Ruamahanga River and calibrated based on the mimgjtgear (2003). The model
was then run for the years where the hydrologieabrd has been summarised (1988-
2002). We undertake no guarantee about the suafeHss as a predictive tool
because it has not previously been applied to sstehich are either (a) perennially
nutrient rich or (b) large rivers. However, we anederately confident that the flood
disturbance and relative upstream/downstream gowitii be simulated. The key
reason for undertaking this modelling is to provéitaulations of the flood-dominated
behaviour of the attached algal growths and ingatgi the role of DRP in the
Ruamahanga River.

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 2
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2. Proposing an appropriate DRP receiving water critera

2.1. Introduction

The first thing to recognise when proposing a DRREeiving water criteria for the
Ruamahanga River, is that there is no strictlytrighwrong number. The Resource
Management Act (RMA) and the relevant statutoryndlar the Ruamahanga River,
the Regional Freshwater Plan for the Wellington iBeg(RFPWR), both place
narrative restrictions on granting permits for deges to water, but neither document
contains any regulation or numeric standard for DB&th documents rely on case-
by-case, effects-based assessment of wastewatbadie permit applications.

The key steps were:

* Identify values, issues and objectives for the Ratzsnga River by reviewing
the Regional Freshwater Plan for the WellingtoniRegRFPWR).

¢ Review national guidelines and other regional plgis particular the
Manawatu Catchment Water Quality Plan) and simidlischarge cases that
may provide useful precedents for comparison.

e Use the New Zealand Periphyton Guideline (MfE 20@®)ombination with
the findings of a study that specifically investigh the role of nutrients in
promoting algal growths downstream of the Masterttischarge (Hickey
2004), as well as hydrological information for tRelamahanga River, to
propose a periphyton biomass objective, an assaci@RP receiving water
criteria, and the flow regime at which the DRPari# should apply.

2.2. Review of the Regional Freshwater Plan for Wellingin Region (RFPWR)

The key parts of the RFPWR that are relevant farsmtering an application for
consent to discharge nutrients to the Ruamahanger Rie summarised in the flow
diagram in Appendix 1. The RFPWR covers the whéle Wellington region and is
fairly general in its content regarding dischargesa specific river such as the
Ruamahanga. The key points are:

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 3
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e The Ruamahanga River is identified as having regdipimportant amenity
and recreation values, in particular canoeing, kimgpand angling, for the
reach downstream of Masterton (Figure 5, RFPWR).

« The mid and lower Ruamahanga River is identifiechaging water quality
that needs enhancement, specifically for the perpafscontact recreation
(Policy 5.2.9 and Figure 7, RFPWR).

« It is recognised that there will be some existingcarges that may have
effects that are in conflict with the policies tohance water quality in the
Ruamahanga River for contact recreation. Allowaisceade for permits for
such discharges to be considered in terms of amoppate cost and
timeframe to enhance water quality (Policy 5.2.40) to encourage users to
consider discharge to land as an alternative wheseible (Policy 5.2.12).

e Under the RFPWR rules (Rule 5) the Masterton waatewdischarge is a
discretionary activity The RFPWR contains no other rules that specifical
prescribe any measure of environmental quality tfeg discharge. Some
guidance is provided for preparing consent apptoat by way of direction to
appropriate national water quality guidelines (Apgie 8, RFPWR).

2.3. Review of the Manawatu Catchment Water Quality Planf(MCWQP)

The brief from Beca was to review the MCWQP in pre assess whether the
methodology for setting the in-river dissolved t@ac phosphorus (DRP) is
appropriate for the Ruamahanga River, and to alguecffically assess the
appropriateness of the half median flow and 2 petite= low flows as the flow band
within which the DRP guideline should apply.

The general methodology used in the MCWQP probadyesents one of the best
examples of a regional plan nationally which esshigls a clear linkage between
objectives, policies, methods (including rule stmdd) and the reasons for adopting
these methods. It is one of the few regional ptansave set a numeric standard for
DRP. In this respect the general approach of th&\\)® is a useful one to consider.

Both the Manawatu and Ruamahanga Rivers receivemcmity wastewater
discharges and both have been identified in tlespective regional plans as needing
to be managed for the key value of contact reaedtPolicy 1 in MCWQP; Policy

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 4
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5.2.9 in RFPWR). In this respect, we are dealintphe same general management
purpose for both rivers.

For both rivers, DRP has been identified as théihg nutrient for algae (periphyton)
growths that can adversely affect recreation valireduding amenity and aesthetic
values). The MCWQP sets a numeric standard foppgton biomass (measured as
mg/nt chlorophyll a) that is deemed to maintain recreation values #&val of
protection that was accepted by the Manawatu-Warigaegional Council when the
plan became operative on 6 October 1998. The MCW{#® sets a DRP
concentration standard that is predicted to ensheg this biomass standard is
achieved. The DRP standard is written in such a wet compliance is only
necessary where other physical or biological factwe not limiting nuisance growths
(e.g., riparian shading, substrate instability,irorertebrate grazing). The MCWQP
also defines the Manawatu River flows within whiths necessary to comply with
these standards.

While the MCWQP is a useful example to consideis important to recognise that it
has no statutory meaning for the Ruamahanga RiAmy. numeric standards for

periphyton biomass and/or DRP should be set spatiififor the Ruamahanga River
situation, rather than simply adopting the Manawsttandards. There are two key
factors contributing to this:

1. First, the MCWQP standard for maximum periphytorvero (40%), the
associated maximum biomass standard (100 mghtorophyll a) and the
associated DRP standard predicted to achieve ibisass (15 mg/M were
derived (see page 50 MCWQP) from taidelines for the Control of
Undesirable Biological Growths(MfE 1992) which have since been
superseded by th&lZ Periphyton GuidelinegBiggs 2000). The revised
numbers that correspond to the same purpose forageament (contact
recreation including aesthetics) are less than 3@%er of filaments greater
than 2cm long, less than 60% cover for films gredhean 0.3cm thick, an
associated biomass objective of 120 nfgamlorophylla, and an associated
DRP criteria to achieve this biomass that is dbscriby a function of accrual
period (flood frequency) that is river-specific.

2. Second, there is a need to consider the physitferelices between the two
rivers and how this influences the likelihood ofigaimce growths and
therefore appropriate periphyton and nutrient deteMost importantly, the
river flow hydrograph needs to be considered tandethe accrual period for

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 5
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setting DRP criteria from the new guidelines. lalso necessary to consider
whether other conditions are favourable for nuisagmwths and therefore
whether a nutrient limit is necessary at all (Nofkis has been done - see
Executive Summary page iv, Hickey 2003).

2.3.1. MCWQP rationale for the ‘half median flow statistic’ as a trigger point for the
DRP guideline to apply

This trigger point is set for the Manawatu watealigy standards in Policy la of the
MCWQP. The rationale is simply that the purpose feanagement is ‘contact
recreation’ and it is presented in the MCWQP thatact recreation occurs most
commonly in the Manawatu River during approximatedg lowest 20-25 percentile
of river flows. On the Manawatu hydrograph thisresponds approximately to half
the median flow and thus the simple statistic heenbadopted. It is not clear from the
MCWQP whether this is based on any recreation gsnieis simply noted that these
bottom 20-25 percentile flows occur most commongtwieen 1 November and 1
May, which is when recreation is most common (s&gep 15 and 41 MCWQP). The
Manawatu-Wanganui Regional Council was satisfiedt thhis approach was
reasonable for the Manawatu River when the plaramecoperative on 6 October
1998.

It would not be appropriate to blindly adopt thdf median statistic for other rivers

because this statistic varies depending on theesbhhe hydrograph, which is river-

specific. However the hydrograph for the Ruamahdrigar (@Wardells) is a similar

shape to the hydrograph for the Manawatu River,iarttlis respect half the median
flow does correspond to approximately the 20 pedieeflow for the Ruamahanga

River. Therefore, if the assumption that river eational use is most common during
the bottom 20 percentile of flows can be accepteeh the half median flow statistic
is a reasonable trigger point to borrow, and prepfis the Ruamahanga River.

2.3.2. MCWAQP rationale for the ‘2 percentile low flow stafistic’ as a minimum point
for the DRP guideline to apply

This minimum flow has been set for the Manawatuewguality standards in Policy 2
of the MCWQP. This policy stems from the fact tttee RMA requires that Councils
may not grant discharge permits that have cerffétts (e.g., s107 RMA), and in the
case of the MCWQP, may not breach the rule-defimatkr quality standards, except
for a number of circumstances. These circumstarnicelside “exceptional” and
“temporary” circumstances. The Manawatu-Wanganugjietel Council went through

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 6



—NIWA—

Taihoro Nukurangi

a rational process to satisfy itself that the bot@ percent of flows in the Manawatu
Catchment...could be regarded as exceptional circumstancesthat they were of a
temporary nature, and further, that providing fdrig situation was necessary to
achieve the purpose of the Act because the levelhioh the standards would be
exceeded would not be sufficient to endanger fheslipporting capacity of the river
and would only result in a temporary decrease mdksthetic value of the rive(see
page 41, MCWQP).

This effectively amounts to finding that a breaétthe standards on seven days out of
the bottom 20 percentile flow days out of everyryisaa reasonable and acceptable
situation for the standards in question. A simdasumption seems reasonable, and is
probably defensible on the basis of the Manawagceuent, for the Ruamahanga
River. Note that none of the standards in quesdi@nfor acutely toxic contaminants
and so it can be reasoned that a seven day petbyeach will not be sufficient to
“endanger the life-supporting capacity of the riverhis reasoning would be less
robust for standards for highly toxic contaminants.

Because this definition has no statutory meanimghfe Ruamahanga River, and the
RFPWR does not define the narrative terms “exceptioand “temporary”, there is
nothing to prevent a consent applicant from prappst more enabling definition
(e.g., 5 percentile low flows). This would amouatapproximately 18 days out of the
lowest 20 percent of flow days each year. Suctopgsal would need to be supported
by a quantification of the difference in predictftects (i.e., predicted frequency and
duration of blooms upstream and downstream of tisehdrge) in order that the
consent decision makers could be comfortable moudegond the Manawatu
precedent.

2.4, Proposed DRP receiving water guideline for the Ruaahanga River

The brief from Beca was to determine an appropri2RP receiving water guideline
for the Ruamahanga River and the flow regime athitis should apply.

We have followed the process illustrated in Apprridito propose a DRP receiving
water criteria for the Masterton wastewater disghdo the Ruamahanga River.

The key points are:

1. Establish the management purpose that Greaternyftelh has defined for the
Ruamahanga River. ‘contact recreation’.

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 7
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2. Use theNZ Periphyton GuidelinegMfE 2000) to propose a periphyton
biomass objective that meets this management peigios level of protection
proposed by the national guideline. 120 ma/nf chlorophyll a (and/or
associated percentage cover objectives).

3. Establish which nutrient is limiting nuisance grbetand check that other
factors (e.g., riparian shading or invertebratezigg) are not significantly
limiting nuisance growths. Thereby establish wheth@utrient criteria is an
appropriate management method. DRP is the limiting nutrient for algal
biomass and invertebrate grazing was a signifi€astor only at some times
during summer (Hickey 2004).

4. Use of theNZ Periphyton Guideline@fE 2000) requires an understanding of
the ‘mean days of accrual’ which is not definedtlat document, but is
referenced to various publications by Biggs on thater. The data shown in
Figure 2.1 is the basis for the guidelines derbrat we have superimposed
the Ruamahanga sampling data for 2003 (note tige lange of uncertainty
for rivers with comparable accrual periods). We ehamxamined these
publications and undertaken flow analyses for btte Manawatu and
Ruamahanga rivers (see Appendix 2). These flowyaesal calculated the
frequency of floods exceeding 3 times the mediaw f(a statistic known as
FRE3) on an annual and summer basis (defined asvirhber — 30 April),
compared the use of instantaneous or daily flowd,tasted the sensitivity of
the calculation to different flood interval ‘filtgveriods®. The data illustrates
that both the Manawatu and Ruamahanga rivers hateévely high flood
frequencies that differ markedly with the differéattors. We have chosen a
combination of these factors on the following basis

a. Annual versus summer flow data?We note that the publications
deriving the nutrient guidelines (including Clausemiggs 1997; Biggs
2000) use annual median flow and daily mean datdldod frequency
calculation in deriving the published relationshidd. Duncan, pers.
comm.). However, we consider that for the Ruamaharage, application
should be based on considering the summer periedth@ nutrient
guidelines note that this is the period of intefesteffects on recreation
and aesthetics (Note: In many rivers summer wibabe the defining

® The ‘filter period’ is the chosen number of days betwi#ewd peaks at which the ‘flood’ is

assumed to be a single event. This period is requiretiow the algae to begin significant
growth following a flood event. Our analysis consideretérfiperiods of 1 to 7 days (see
Appendix Table A2.2.

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 8
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period for flood frequency analysis — however irtsjpen of both the
Manawatu and Ruamahanga river data shows only sdifédrences
between the days of accrual calculated from sunonannual data (see
Appendix Table A2.2)).

b. Instantaneous versus daily mean flow dataThe sensitivity of algal
growths to being sheared from the riverbed is dégenon instantaneous
flow (i.e., strong peak flow dependence). Whiletansaneous flow data
is used in the following modelling section 3, wansigler that the daily
mean flow provides a more pragmatic measure fag eésalculation of
FRE3 statistics.

c. Flood interval filter period?- The time interval or ‘filter period’
between counting significant floods has a marketecef (e.g., for
Ruamahanga median summer daily average flow FREfzylbetween
floods = 13 floods/summer; 5-day between floodsO=flbods/summer;
Appendix Table A2.2). We consider that a 1-dayqubis appropriate in
this case, based on maximum algal growth rate medsin the
Ruamahanga River, which could have significant ghoaver a 5-day
period (maximum linear rate 7 mg Giitl, Table 5.3, Hickey, 2003).

In summary, for calculating the accrual period tee uin applying the
guidelines to the Ruamahanga case, we recommerfdlitwing: (i) summer
median flow and flood frequency (FRES3); (ii) damean flow data and (iii) 1-
day duration (filter period) between significaradts.

5. Based on the above assumptions the FRE3 for Ruamahavas 13
floods/summer, giving an accrual period of 13 dsimmer (Manawatu:
FRES, 8 floods/summer, accrual 21d). Using this d@tes a DRP criteria of
30 ma/nt, that is predicted in the guidelines, based oerapirical model, to
achieve the biomass objective of 120 migthlorophylla (Table 2.1). Note
that the Manawatu River case would give a DRP rizitef approximately 3-4
mg/nt using this empirical relationship — a value matkddwer than the 15
mg/nt currently adopted in the MCWQP. This tabulatedadHtistrates the
extreme sensitivity of the peak biomass thresholihé days of accrual value.
It should be noted that there is a high degreenoériainty in the data used to
derive the biomass/accrual time relationship (dge Z1) as used in the MfE
(2000) guidelines.

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 9
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6. It seems reasonable to propose that the DRP eritshiould apply at
Ruamahanga River flows that lie in the band betwten2 percentile low
flow and the half median flow. However, in doingstit should be recognised
that borrowing these statistics from the MCWQP asssi that most river
recreation occurs during the bottom 20 percenfilever flows. Some further
analysis could be undertaken to look at the peraddduration in relation to
various low flow percentiles during summer periotise theoretical basis for
this analysis would be that once a duration pevied exceeded (say 20d),
then maximal algal blooms would be established #mel presence of
additional nutrients at that time would make ndgley difference. However,
the algal growth model for the Ruamahanga Rivee (edlowing section)
indicates that the nutrient results in only sligh&inges to algal biomass.

7. The above process is robust and, we judge, modieraaservative for the
environment. However readers should recognisethiegprocess for proposing
the DRP criteria has, at several of the stepsoled value judgements from
elsewhere about what is an appropriate level dieptimn for the management
purpose (step 1 above) and what is an appropiiate dand for compliance
(step 6 above). There is also a very high sensitivi the accrual flow statistic
calculation that is used in the nutrient growthresgion relationship provided
in the guidelines (see Table 2.1; 13-d accrual =r@nT; 15-d = 15 mg/m
20-d = ca. 3 mg/f). There is nothing in the statutory planning framek that
prevents a consent applicant from proposing a DRferia and a set of
compliance statistics that accepts risk of a highliequency of nuisance
growths. Alternatives would need to be conside@dj a sound rationale
developed, within the context of treatment engimgemrequirements, the
social and economic costs of treatment to the comityyuand the scale of the
increased risk of environmental effects. The natioguidelines can be
conservatively restrictive (see page 104, MfE 2000 RFPWR specifically
acknowledges the time and cost elements to achieater quality
improvements (Policies 5.2.10 and 5.2.13).

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 10
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Figure 2.1:  Relationship between maximum Chlorophglland accrual time for various New
Zealand streams (from MfE 2000) with Ruamahunga dat March 2003 added
(from Hickey 2003).

Table 2.1: Predicted algal biomass (as maximum chlorophyting/nf) as a function of soluble
reactive phosphorus (SRP, mdJmand days of accrual (duration of stable flow)
(calculated from MfE 2000, p43, egn 2). Shadedits are for a 13d accrual period.

SRP conc Accrual time (d)
(mg/m?®)

10 13 15 20 30
2 16 32 47 94 222
5 25 51 73 147 349
10 35 71 103 207 492
15 42 87 126 253 601
20 49 101 146 292 693
25 55 112 163 326 774
30 60 123 178 356 847
40 69 142 205 411 976
50 77 158 229 459 1090
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2.5. Nutrient mass loads to the Ruamahanga River

The following section is an analysis undertaken My Graham Sevicke-Jones
(formally Greater Wellington Regional Council, 1higust 2003).

Figures 2.2 and 2.3 show nitrogen and phosphoragsion the Ruamahanga River
and some of its tributaries. These loads origifrate land use and major point source
discharges and are summarised in Table 2.1. This loave been calculated from state
of the environment and compliance monitoring datd enean annual river flows.
There are limited data available so these cannetdveed as definitive but they show
the relative contributions of non-point and poindusce nutrients within the
Ruamahanga River system.

The graphs show the increasing amount of nitrogeh ghosphorus carried by the
river as it flows downstream. They also show timgiuis from the Makoura Stream,
the receiving water for the discharge from Mast@gdNastewater Treatment Plant
(WTP), and the Papawai Stream, which receives Gways WTP, are only partly
responsible for this increase. This means thataiaduthe total load will require a
reduction in all inputs, not just direct discharg&s/o nutrient sources likely to be
affecting the overall load are inputs from stockhwaccess to waterways and runoff
from fertiliser applications that are not basedaaron-farm nutrient budget.

Distances from the source of flow (head waters)s&@vn in brackets. The loads to
the Ruamahanga River and to its tributaries varyabyorder of magnitude so the
minor inputs cannot be seen easily. Despite thikgarithmic scale was not used
because it can give an impression of similarityweetn sites. Using linear scales
clearly shows the magnitude of difference as therrflows from the source through
farmland to the sea.
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Table 2.1: Summary of major point and non-point source loadshe Ruamahanga River (G.
Sevicke-Jones, Greater Wellington Regional Counaipublished data).

Site Total Nitrogen (tonnes/yr) Total Phosphorus (tonnes/yr)
Mt Bruce 28.9 2.6
Double Bridges 57.7 3.3
Te Ore Ore 314.2 15.6
Makoura Stream above STP 16.0 0.2
Masterton STP 58 12.5
Gladstone 675.4 454
Mangaterere Stream Above STP 109.0 2.8
Carterton STP 7.4 1.6
Papawai Stream above STP 20.6 0.4
Greytown STP 5 1.6
Waihenga 1792.1 121.3
Martinborough STP 3.6 1.8
Donalds Creek above STP 1.0 0.03
Featherston STP 3.2 1

Featherston
Donalds Creek
Martinborough
Waihenga
Greytown
Papawai Stream
Carterton
Mangaterere Stream
Gladstone
Masterton
Makoura Stream
Te Ore Ore
Double Bridges

Mt Bruce
S S

(0] 250 750 1000 1250 1500 1750

Total Nitrogen (tonnes/yr)

Figure 2.2:  Total Nitrogen load to the Ruamahanga River, sotodbe sea.
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Figure 2.3:  Total Phosphorus load to the Ruamahanga Rivercedarthe sea.

Notes:

1. Results of Ruamahanga River nutrient loads (nceacentrations) derived
from sampling period (monthly interval) from JuQ - September 2002.

2. STP loads (mean concentrations) shown in red,tebutary loads (mean
concentrations) shown in blue, were derived fromsent data 1996-2001 (up
to 50 data sets used).

3. Donalds Creek flows into Lake Wairarapa and aiihh part of the
Ruamahanga system its contribution is likely tabsimilated before the lake
discharges to the lower Ruamahanga River system.

4. The receiving water streams or rivers (greenshanave their loads
represented prior to the wastewater discharges. chtrulate the actual
contribution of the tributaries to the Ruamahangeer the point source load
and tributary load would need to be added.

5. The Waihenga sampling site is the last siteherRuamahanga River and is
upstream of the confluence with Donalds Creek. &li®no site downstream
of all discharges.

Proposed dissolved reactive phosphorus guidelorethé Ruamahanga River 14
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Development of algae growth model to predict attaddd growths using
all the historical data

3.1.

Summary of the model

The simulation model that we used is describedriveBhuizen et al. (2004). In this
application, we set the abundances of dissolvedmcgmaterial, particulate organic
detritus and invertebrates to zero, and considengdwater, nutrients and periphyton.
We subdivided the Ruamahanga into 9 serially cadesub-reaches (defined to
coincide with the nine upstream survey cross-sestaf “Masterton Oxidation Ponds
Long-section for Gravel Extraction consent”). Reaumber 2 includes the site
‘RUAL" from the 2003 monitoring. Reach number 8limtes the site ‘RUA2’ and
reach number 9 includes the site ‘RUA3’. Reachilietae provided in Appendix 4.
Notably, the average reach slopes varies markedlly te lowest slope being at
Wardells Bridge (0.07%) and a 3X higher slope atupstream RUAL site (0.21%).
These differences have marked effects on the sttesss experienced by attached
algae during flood events.

We used the 1997/2002 monitoring data from Te Qet@derive upstream boundary
condition nutrient concentrations. Specifically, eadculated monthly average nutrient
concentrations using these data. These were assionagply on the 15day of each
month, and we used linear interpolation to denhgdntaneous values.

Upstream boundary condition flow time-series wererivdtd from half-hourly
measurements (1988-2003) at Wardells Bridge. Whweeee were missing data, we
applied the last-measured-value until such timeeesrding recommenced. There was
one especially long period where there were no:dagcember 18, 1990- Jan. 9,
1991.

We assumed that diffuse source inputs are negtigéid applied a point-source input
of water and nutrient to reach 6 (correspondinthtoreach into which the Makoura
flows). For this reach, we adopted the monthly ager flow and nutrient
concentrations flowing out of the sewage Pond (Rkta).

The simulations were run from Novembet df each year until April 3 of the

following year; however, in the subsequent blooegfrency analysis, we discarded all
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—NIWA—

Taihoro Nukurangi

the November results in order to minimise any Ithas$ would arise should our initial
periphyton abundances have been inappropriate.

The differential equations comprising the modeleveolved using an adaptive fourth
order Runge-Kutta scheme with a maximum time-sf€p@02 d.

3.2. Calibration to 02/03 monitoring data

The bulk of the model's parameters were left air tthefault values (Broekhuizen et al.
2004), however this model has previously been agplinly to head-water streams.
For this application we allowed ourselves the lyxof modifying the following
parameter groups:

a) those governing the relationships between flowl svater-depth, channel
width and water velocity (power-law relationshipsre derived from channel-
cross-section data and the RYHABSIM, |. Joweétrs. comm.Appendix 3).

b) the within-water-column light-extinction coefiént. We adopted a value of
1.3 m*, based upon empirical relationships relating tkinetion coefficient
to turbidity and yellow colour (with yellow colouwterived from TOC via
additional empirical relationships). We adopted thenmertime median
turbidity and TOC values measured at Te Ore Ore.

c) Formulation and parameterisation of the relatigm between flow (bed-
shear) and periphyton mortality. Broekhuizen et (2004) assumed the
erosional mortality to be a continuous functiortte# bed-shear; however this
description proved unsatisfactory when applied lie Ruamahanga. We
believe this is because the flood events are muogelr-lasting in this system.
We therefore introduced an alternative formulatiom which flow-induced
removal is zero for most of the time, but introdsicBscrete ‘reset-events’
when the product of reach-specific periphyton dgrend reach-specific bed-
shear comes to exceed a (dynamic) threshold. Tiesttbld in question is
defined to be:

Fivesn = F +40B ex;{——lfooj
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with F varyingaccording to the ODE (Ordinary Differential Equadio

d—lt: =a(Bmaxr,7,,)-F)

in which B is the local periphyton density (mg G is the local bed-shear (N7
(=35 N ) is the maximum bed-shear to which a mat can adapta is a

z-I“I’h’:l)(
maximum adaptive rate, ared(dimensionless) is a ‘capacity to withstand addiil
shear’. We emphasize that this description is gwmeothetical. It was adopted as
having appropriate characteristics: (a) periphytave some ability to adapt to (slowly
changing) flow, (b) catastrophic loss becomes niiedy as flow (bed shear) and
periphyton biomass rise.

When the product of instantaneous reach-specifid-dbear and reach specific
periphyton come to exceel,,..,, a fraction ¢) of the periphyton is removed (note,

however thatthe ‘shear-state’of the periphyton K) is not modified and tends to
remain ‘high’ for some time following the mat’s liaie (delaying the onset of further
failures, should flow remain persistently high):

B
=09——
¢ 125(+B

The numeric ¢f symbolic) coefficients in the aforementioned equadi (namely 40,
1000, 0.9 and 1250) were selected by visual cdidraof the model to the data
gathered during the 2002/2003 season (Fig 3.1).

The calibrated model reproduces the periphytic lhisses during the mid-season
relatively well, but it fails to reproduce the vemgpid growth that occurred between
early and mid-March (Fig. 3.1). One might surmisat tthis is a result of driving the
model using long-term, monthly average Te Ore Qriient concentrations as our
upstream boundary condition rather than those medsat site RUA 1 during the
2003 monitoring period; however, we have also rb@ model using the nutrient
concentrations measured during NIWA's 2003 studiisTdid not improve the
model’'s performance. Flood events did induce markeductions in periphytic
biomass, with the extent of reset being dependerthe relationship between the size
of the flood event and the bed slope in that reach.
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Figure 3.1:  Model calibration for 2003 monitoring data (mea@SE). Site ‘RUAL’ is included in
Reach 2; reach number 8 includes the site ‘RUAZ seach number 9 includes the
site ‘RUA3’ (see Appendix 4 for reach data).

Figure A5.1 shows flow hydrographs form 1988 to 200@isual inspection shows the
variability of the flow hydrographs between yeafsgure A5.2 illustrates the
simulated densities of periphyton within each reatlhe system for years between
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1988 and 2002. The influence of spates is readiigtemt. The abundance of algae,
effects of floods and recovery rate is also mastngfly dependent on the slope of the
reaches — with a low slope reach, such as WarBeitkye, showing highest biomass
levels. Two other features are also evident: pgtiphdensities are often somewhat
higher downstream of the Makoura than they arere@st of this tributary. Secondly,

summertime periphyton densities are predicted tp sabstantially year-to-year.

For each reach in each summer (modelled from Deeefitto March 3%), we have
calculated the number of days on which periphytarisance’ densities are predicted
to exceed 100 mg Clal m? (note: we have chose a slightly more conservaiatee
here than the 120 mg Chim? used in the guidelines). (Table 3.1). These dataved
that: (i) no nuisance growths were predicted assitpstream for the entire 15 year
modelling period (Note: this includes predictions the monitoring RUA1L site); (ii)
nuisance growths did occur at Wardells Bridge iof @he 15 years; (iii) duration of
the nuisance growths at Wardells Bridge ranged f8dba to 35d, with most being of
around 5d; and (iv) the nuisance growths appeg@rédominantly occur in the early
summer period (see Fig. A5.2). The frequency anchtohin of predicted nuisance
growths would be considered low, generally occgrfor only a minimum fraction of
the summer season.

Together these predictions indicate that the Ruamgdn River will experience algal

growths approaching nuisance guideline thresholdswever, these nuisance
thresholds will only be exceeded for short peribdsveen successive flood events.
Longer total bloom/days (21 — 35d) were only prestico have occurred in 2 of the
15 years simulated.

A scenario was run without nutrient input to the KWdara Stream (Fig. 3,2).
Comparing Figures 3.1 and 3.2 shows minimal diffees in attached algal growth
rates with addition of pond nutrients. The cumuktno-nutrient addition results
showed largely comparable results to those sumethits Table 3.1 for duration with
high algal abundances. This prediction is consistéth the high upstream nutrient
concentrations resulting in near maximal growttesatelative to the hydrodynamic
conditions. The strongest factor affecting differen between reaches was the slope,
affecting growth rates and scour during floods. Weximum algal biomass is limited
by the bed shear and the duration between signtfftaod events.
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Figure 3.2:  Model run for 2003 monitoring data (mean + 2SE)hwito nutrient additiorfrom
Masterton ponds. Site ‘RUAL’ is included in Reach(LZne 1); reach number 8
includes the site ‘RUA2’ (Line 2) and reach numBeéncludes the site ‘RUA3’ (Line
3) (see Appendix 4 for reach data).
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Number of days in which the simulated periphytonratance exceeds 100 mg @hl
m2 during the period 1 December to 1 April for thensoers 1988/1989 to 2002/2003.
Reach number 2 includes the site ‘RUAL’; reach nantincludes the site ‘RUA2’
and reach number 9 includes the site ‘RUA3’. Redetails provided in Appendix 3.
Makoura Stream discharges to Reach 7.

Summer Days exceeding 100 mg Chl a m?by Reach number

1 2 3 4 5 6 7 8 9
88/89 0 0 0 0 0 0 0 0 0
89/90 0 0 0 0 0 0 0.5 4 4.5
90/91 0 0 0 0 0 0 0 0 0
91/92 0 0 0 0 0 0 0 55 8
92/93 0 0 0 0 0 0 0 0 0
93/94 0 0 0 0 0 0 0 5.5 15
94/95 0 0 0 0 0 0 0 21 8.5
95/96 0 0 0 0 0 0 0 0 0
96/97 0 0 0 0 0 0 0 35.5 12
97/98 0 0 0 0 0 0 0 0 0
98/99 0 0 0 0 0 0 0 0 0
99/00 0 0 0 0 0 0 0 0 0
00/01 0 0 0 0 0 0 0 0 0
01/02 0 0 0 0 0 0 0 35 0
02/03 0 0 0 0 0 0 0 0 0

Limitations of model

The predictions from this model must be treatedhwdution for a number of reasons.
The assumptions in parameterising the model indutle assumption that the algae
present in a large river would behave similarlyttose in small streams — when
marked differences include: (i) longer durationflobd events in rivers; (ii) larger

boundary roughness (i.e., cobbles rather than tgawend (iii) average river cross-
sections are more satisfactory representations tiearss. The latter factor is
significant in the Ruamahanga where cross sectgmigerally include a deeper
thalwag section, which is visually low in algaedaextensive shallows where algal
growths are visible. Because of the importancégbit{attenuation, the model’s failure
to explicitly account for shallows leads to an urgieediction at such sites.

The inability of the model to adequately simulatee tobserved upstream and
downstream growth rates in the late summer of 288 some concern. If systemic
(rather than a failure on this one occasion), plies that the model is likely to have
underestimated the frequency and magnitude of tdoenperhaps in all reaches.
Nonetheless, the model does generally predictifferehtial growth rates observed in
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the early season — largely attributable to diffeemnin reach slope. The late season
growth may be the result of higher water clarityidg this period than the model
default values.

The model predicts marked differences in algal laissnbehaviour between sites with
different average slopes. This could be readilyetesn monitoring programmes to

quantify the responses under field conditions. fiigh frequency of flood events

would require that such a monitoring programme fgettaken at a high frequency in
order to reliably measure algal growth patterns.
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4. Synthesis

The derivation of appropriate receiving water rertticriteria should follow a 3 stage
process in determining whether potential adverfexesf may occur. These include: (i)
determining the appropriate regional plan requirgimand undertaking ‘back-of-the-
envelope’ calculations relative to existing nuttiguidelines; (ii) obtaining scientific

data to support the nature of the receiving hahitatrient loadings and potential for
nuisance growths; and (iii) consideration of thedhdeasibility and optimal treatment
system to address potential effects.

The above processes have been followed in relatothe Masterton wastewater
discharges to the Ruamahanga River. The RFPWRaitedichat nuisance growths
must be considered and the guidelines provide sgmdance relative to potential

nutrient thresholds — however, these do not caretia requirement to meet these
guideline values. The scientific analysis has shdwat high nutrient levels are

naturally present upstream and that the RuamalRivga is generally dominated by a
high frequency of significant flood events duringmsner periods. The modelling

predictions have indicated that nuisance growthB @dcur downstream of the

discharge, but will generally be of short duratibarthermore, the algal growth model
suggests that differences in river-bed slope aee rtfajor factor affecting algal

abundance, rather than increased nutrient cont¢iemsa Consideration of the mass
loads indicates that the Masterton discharge igymaifeant phosphorus load to the
river, but still markedly less than cumulative naoint loads.

Thus, while nutrient targets may be established tfre Ruamahanga River and
subsequently calculated for the wastewater disehatige improvements in river
condition in terms of reduction in extent and diaratof nuisance algal biofilm
growths will be slight. Improving river water qualiby reduction in phosphorus load
is desirable in the context of a component of dvgf@osphorus reduction measures
(point and non-point sources). Thus the key comatde in relation to
implementation of the wastewater treatment plargrage relates to cost-effective
implementation of the phosphorus reduction systems.
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Appendix 1: Flow chart of the process for proposing a DRP réegiwater criteria for a wastewater dischargeneoRuamahanga River.

Regional Freshwater Plan for Wellington Region (RFPWR)
Determining an
approprifal_e Issues Identifies conflict between point discharges and
DRP receiving receiving water quality (WQ).
V‘&?‘GLC"‘G"a f?_lr & Objectives General & narrative — must meet range of uses and
[EEEER I 2 safeguard life-supporting capacity
Ruamahanga - X X - X
River? Policies  Policy 5.2.9 identifies that the Ruamahanga River
needs enhancement for “contact recreation” value.
_> Policies 5.2.10 and 5.2.13 identify time and potential
social costs to improve WQ, therefore consent
decisions will involve quality/time/cost elements.
Ther_e is no strictly Policy 5.2.12 allows sewage discharges directly to
"QWWTOPQ | water only where this better meets purpose of RMA
a_nswer. Thls‘wnl than discharge to land, and following consultation with
involve a social/ tangata whenua and community generally.
ol gon_semt Rules Very general — simply identifies that this discharge will
prqcfess ?ﬂflon be a “discretionary activity” - some further guidance is
Rl =0 by given in Appendix 8 - refers to national guidelines.
science
And...
Manawatu Catchment Water Quality Plan (MCWQP)
TD_ S:Fn’ t?”e "??: Values Identifies Manawatu values and important catchment
Il o of the and hydrological information.
values and o ) o
objectives the Issues Identifies conflict between point discharges and
community has for receiving water quality (WQ).
the Ruamahanga Objectives General & narrative — enhance water quality by 2009
River? to a level which meets community needs and
safeguards life-supporting capacity.
Policies Policy 1 classifies waterways — mainstem Manawatu
is classified Class CR for “contact recreation” purpose
- also acknowledges Manawatu not in natural state.
Policy 1a — Adopt and apply WQ standards at flows
below %2 median because this when most recreation l’
BRI o tion we have of the zcgurs = sngi)I: phlllolsjophyflusuﬂed vlvnh ana‘I_ysls of
Eilies and objectives of the ydrograpl nowledge of seasonal recreation use.
community is.... Policy 2.3 — Standards apply except for “exceptional
circumstances” and “temporary circumstances”.
1., The statutory relevant plan — the MCWQP defines these to be below 2 percentile low
Regional Freshwater Plan for the river flows — rationale and justification given.
Wellington Region (RFPWR) Policy 2a — DRP standard to comply by 1 June 2009
Policy 6.0 — Allow for consent conditions to be flow-
it E_xample_s Rl 1om other related for compliance with WQ stds.
regions which have no statutory
meaning for the Ruamahanga, but Rules Rules 1 & 2 — Numeric standards defined where
may be useful comparisons or may possible for identified classes (e.g., Class CR).
have produced precedent consent Rule 2.4f — Periphyton biomass standard 40% cover,
cases e.g., Manawatu Catchment 100 mg/m? chl a.
jivaterQuality Plan (MCWQP). Rule 2.4g — DRP standard — 15 mg/m” - designed to
l i N hieve the bi tandard above.
3. National published guidelines e. achieve the blomass standard above

New Zealand Periphyton Guideline
(MFE 2000).

River. These guidelines were b

Take identified objectives and
management purpose “contact
recreation” for the Ruamahanga -
use the Manawatu approach but
make it Ruamahanga-specific, using
new updated guidelines and local
hydrological information.

-~ Borrowing these
. flow statistics
assumes most
recreation takes
place in the lowest
20% of river flows.
This is untested for
the Ruamahanga
and relies on the
Manawatu
precedent case

These MCWQP standards are
based on the Guidelines for the
Control of Undesirable Biological Growths
in Water (MfE 1992), considered together
with values, management objectives and

hydrological information for the Manawatu

————— =

Suggest:

Objective : Use NZ Periphyton Guidelines (MfE 2000).
Ruamahanga is a lowland (REC) river being
managed for “contact recreation”.

Therefore...
< 30% cover of filaments >2cm long
< 60% cover of films >0.3cm thick
biomass objective is < 120 mg/m? chl a
(note this is different from MCWQP)

DRP:

Set using MfE 2000 equations based on
achieving 120 mg/m? chl a

Need to propose a set of appropriate flow
statistics (days of accrual, and flow band
within which compliance should be achieved)
— This is effectively a design ‘flow-band’ for
treatment engineering.

Starting Point : Average accrual period based on 10
years of daily average flow data = 13 days
Gives DRP criteria of 30 mg/m? (MfE 2000).
Suggest comply with DRP criteria at
Ruamahanga flow band that lies between
the 2 percentile low flow and %2 median flow
(borrowed from MCWQP)

u}
Now... - Is this reasonable?
- What are the treatment ramifications?
- What will it cost the community?
- What does the treatment cost-profile look
like — does it increase linearly with a
reduction in the DRP criteria, or are there
‘steps’ where a threshold DRP results in a
large price jump (e.g., dosing versus other
methods)?
- Is a ‘sliding criteria’ useful (e.g., DRP
criteria slides based on near real-time river
flow and accrual period information)?

There is nothing in the statutory planning framework that
prevents a consent applicant from proposing a DRP
criteria and set of compliance statistics that accepts risk
of a higher frequency of nuisance growths. Alternatives
would need to be considered, and a sound rationale
developed, within the context of treatment engineering
requirements, the social and economic costs to the
community, and the scale of the increased risk of
environmental effects. The national guidelines can be

y
the NZ Periphyton Guidelines (MfE 2000).
We need to use this latest guideline
and apply Ruamahanga values and
hydrology

y restrictive (see page 104, MfE 2000). The
RFPWR specifically acknowledges the time and cost
elements to achieve water quality improvements
(Policies 5.2.10 and 5.2.13)..

The scale of increased effects from raising the DRP
criteria could be modelled in terms of the likely frequency
& duration of blooms upstream & downstream under 2 or
3 DRP criteria scenarios. These could be considered
against the treatment cost for each scenario.
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Appendix 2:  Hydrodynamic characteristics for Manawatu River Budmahanga River (Wardells
Bridge) (PSIM run in TIDIDA; Maurice Duncan, NIWA).

Table A2.1: Ruamahanga River Flow at Wardell's Bridge (19893)Q@rom Beca).

All Data (m3/s) Summer Data Only (m3/s)
Maximum 471.69 458.38
Median 13.01 8.30
Half-Median 6.51 4.15
5 Percentile 3.18 2.65
2 Percentile 2.55 2.34
Minimum 1.86 1.86
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Table A2.2: Flow statistics for Manawatu and Ruamahanga rivelRE3 is the flood exceeding
3X the median flow (either on an annual or sumnasid). Period between floods =
filter period’, interval period between flood peafit which the ‘flood’ is assumed to
be a single event.

days # floods/yr hours hours/year hours/flood days
Period Floods FRE3 flood hly h/f Interflood (days of
between accrual)
floods
Manawatu 1 284 16.5 18072 1048 63.6 22.2
17.24 yrs 2 274 15.9 17448 1012 63.7 23.0
median 3 258 15 16488 956 63.9 24.4
67 m3/s 4 246 14.3 15648 907 63.6 25.6
daily 5 236 13.7 14880 863 63.1 26.7
average 6 224 13 13968 810 62.3 28.1
7 212 12.3 13128 761 61.9 29.7
floods/summer
Summer 1 145 8.4 21.8
median 44.7 m3/s 5 121 7 26.1
Manawatu 1 476 27.6 17135 993 36 13.2
17.24 yrs 2 431 25 15654 907 36.3 14.6
median 3 401 23.2 14235 825 35.5 15.7
67 m3/s 4 361 20.9 13175 763 36.5 175
instant 5 342 19.8 12446 721 36.4 18.4
data 6 328 19 11102 644 33.8 19.2
7 304 17.6 9862 571 32.4 20.7
Summer 1 245 14.2 12.9
median 44.7 m3/s 5 178 10.3 17.8
Ruamahanga 1 333 23.6 21216 1505 63.7 15.4
dataset = 14.1 yrs 2 322 22.8 20424 1449 63.4 16.0
median 12.3 m3/s 3 301 21.4 19224 1364 63.8 17.1
use daily average data 4 281 19.9 17904 1270 63.7 18.3
5 268 19 16680 1183 62.2 19.2
6 252 17.9 15744 1117 62.5 20.4
7 238 16.9 14808 1051 62.2 21.6
Summer 1 188 13.3 13.8
median 6.56 m3/s 5 149 10.6 17.3
Ruamahanga 1 616 43.7 19341 1372 31.4 8.4
dataset = 14.1 yrs 2 533 37.8 17258 1224 324 9.7
median 12.3 m3/s 3] 480 34.1 15370 1090 32 10.7
use instantaneous data 4 424 30.1 13982 992 33 12.1
5 391 27.7 12611 895 32.2 13.1
6 367 26 11629 825 31.7 14.0
7 339 24 10861 770 32 15.1
Summer 1 331 235 7.8
median 6.56 m3/s 5 207 14.7 124
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Figure A2.1:  Frequency of accrual period durations for sumrh889-2003) (Beca data).
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Appendix 3: Cross-section data from Ruamahanga River at WarBeitige (1. Jowett, NIWA)

Reach Geometry Evaluation: Ruamahanga_Wardells
Reach length : 356.00 m

Flow Width Depth Velocity Area Wetted Froude Pool % Run % Riffle %
(m3/s) (m) (m) (m/s) (m2) Perimeter no.
(m)
5 34.1 0.36 0.41 12.3 34.3 0.231 41.0 51.6 7.3
7 35.9 0.40 0.49 14.4 36.1 0.251 35.0 51.7 13.3
9 36.9 0.44 0.56 16.2 37.2 0.265 30.4 52.4 17.2
11 37.7 0.47 0.62 17.8 37.9 0.280 26.0 54.5 19.4
13 38.3 0.50 0.68 19.2 38.5 0.307 19.9 56.7 23.4
15 38.6 0.53 0.73 20.4 38.9 0.311 18.7 54.8 26.4
Chart Title y = 0.2032x03521
R? = 0.9993
0.6
0.5 /./0
0.4
03 -~ o Depth (m)
’ —— Power (Depth (m))
0.2
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Appendix 4: Summary characteristics of reaches used in bealf# modelling.

Table A4.1: Details of the reaches defined within the moddbrmation is derived from the sheet
Masterton Oxidation Ponds Long-section for Gravelr&ction Consent. The column
H.A.D. refers to the datum heights reported on thla¢et. The column Model
elevation refers to the elevations reported to rtfwalel (from which reach-specific
slopes are derived)'Where a cross-section elevation was not reportemhar
interpolation was used to derive a value for thalehoReach number 2 includes the
site ‘RUAL’ from the 2003 monitoring; reach numi@&imncludes the site ‘RUA2’ and
reach number 9 includes the site ‘RUA3’. Makouna&&t discharges to Reach 7.

Model

Cross- Distance H.A.D. 75 Dist from elevation

section (m) m upstream (m) Slope (%)
1 4975 95.83 0 95.83 0.21
2 4321 94.43 654 94.43 0.22
3 3817 93.31 1158 93.31 0.33
4 3164 91.18 1811 91.18 0.056
5 2914 2061 '91.04 0.054
6 2504 90.82 2471 90.82 0.28
7 2190 2785 '89.93 0.29
8 1960 89.27 3015 89.27 0.074
9 1476 88.91 3499 88.91 0.38
10 1010 87.16 3965 87.16 0.91
11 743 84.72 4232 84.72
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Appendix 5: Ruamahanga River flow and benthic algal biomassisitions for 1988 to 2002.

Figure A5.1: Instantaneous flow records for Ruamahanga RiveWardells Bridge. Each plot
shows summer data from 1 Nov (day 305) to 1 Aplidy(460) of the following year.
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Figure A5.2:
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Modelled benthic algal biomass in the RuamahangarRiom 1988 to 2002. Reach
number 2 (termed ‘Line 2") includes the site ‘RUAftbm the 2003 monitoring.
Reach number 8 includes the site ‘RUA2’ and reaoshmbrer 9 includes the site
‘RUA3Z'. See Appendix 4 for reach data.
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