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Executive Summary

New Zealand’s surface waters (streams, lakes,s;iweetlands) and groundwater systems are coming
under increasing pressure from intensive farminghWhcreasing awareness of the environmental
risks accompanying intensification, several farfiogussed initiatives have been put in place toterea
a more environmentally sustainable farming indugérg., Dairying and Clean Streams Accord and
the Dairy Industry Strategy for Sustainable Envinemtal Management targets for the next decade).
In order to meet these targets both reduced gemerahd improved attenuation of nutrients and
pathogens is required. This report reviews existittgnuation tools, assesses their cost-effectbgene
and identifies gaps in knowledge and communication.

Attenuation is the permanent loss or temporaryaggrof nutrients, sediment or microbes during the
transport process between where they are genefiagedn the paddock) and where they impact on
water quality (i.e., a downstream water body, sasha lake). Generic attenuation processes include
flow attenuation, deposition, microbial transforraas, vegetation assimilation and other physical an
biogeochemical processes. The driving force belpokutant transfer from land to waterbodies is
water, because it provides the energy and theecdar pollutant movement.

Cost-effective utilisation of attenuation procesgéthin a particular farm or catchment requires an
understanding of the key hydrological pathways afeg in the landscape and concomitant
opportunities to intercept these. This informatialgng with regional or local water quality targets
can then assist with prioritisation of pollutantglahoice of appropriate attenuation tools. Theag m
include exploiting natural features of the landscégpg., seepage wetlands) that should be maiataine
or enhanced (e.g., by fencing, blocking drains/@nplanting), or addition of engineered attenuatio
tools such as riparian filter strips, constructesdlands or reactive filters.

The attenuation toolbox contains a number of exgstools that can be used on farms if the condition
are suitable. For any particular paddock or farengimay be several attenuation options availabde to
farmer and this report provides a framework to caragheir efficacy, applicability, landscape fitdan
cost-effectiveness. The tools reviewed include: idducing hydrologic connectivity, (2) riparian
management, (4) livestock exclusion (e.g., fencugglands and streams), (4) wetlands, (5) drainage
manipulation, (6) plant and algae harvesting, €8ctive filters (e.g., denitrification walls and edb
chip filters) and (8) reactive materials (e.g.,nallP socks and subsurface drain materials). Soole to
such as livestock exclusion are highly and univbrsgpplicable. However, there are constraints on
the application of many of the tools. For exampdamittification walls are primarily limited to loam
soils where shallow subsurface flows can be easibrcepted and thus are not widely applicable.
Gaps in communication, research and farm scale lmagléools are also identified for each group of
attenuation tools.

Seven generic scenarios encompassing dairy, ineeissieep/beef and hill country sheep/beef farms
have been used to evaluate the cost-effectiverfefee @ttenuation tools. The generic scenarios are
loosely based on monitored research catchmenta f@riety of landscapes and farming types (e.g.,

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems \Y
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Bog Burn, Toenepi, Whatawhata, etc.). Annual seditmsitrogen and phosphorus loads (kg/haly)

were estimated for each scenario at both the p&daiod catchment scales and each attenuation tool
was costed to derive an annualised cost value /i§/h@he annualised cost-effectiveness for each
applicable attenuation tool was estimated ($/kgeBch model farm scenario.

Tools included in the scenarios investigated i3 tl@port are generally those that have been more
widely tested and thus can be reasonably evaludder tools for which there is insufficient
information available require further investigatiand consideration before their potential can be
properly assessed.

Simple scoring systems were developed to summidmeseesults of the scenario analysis. A hydrology
score between 5 and 14 was calculated for eachp#itwx pollutant x tool combination and was
based on (i) hydrological importance of that flowpa(ii) opportunities for interception and (iii)
proportion of the total paddock load of each palhitcarried. The hydrological scoring system
revealed that drainflow, small springs and seepd,sairface runoff are important paddock flowpaths
to tackle with attenuation tools. A pollutant rerabgcore was designed to reveal the tools with the
most potential for each scenario. Three indicesevimeluded based on (i) ease of use, (ii) proportio
of the total paddock or catchment load attenuateti(ai) cost-effectiveness. The pollutant removal
(attenuation) scores ranged between 4 and 15, livg#stock exclusion and bottom of catchment
wetlands scoring highly for every scenario. Seepagdands also scored well where these were
applicable.

The simple scenario scoring systems have beentagedritise research gaps and needs for tools tha
are widely applicable, effective and target theanflpwpaths. This information was combined with
the detailed knowledge gaps identified for each tim@rioritise research recommendations.

The science research priorities identified are:
Develop tools suitable for drainflow and subsur face flow that target multiple pollutants.

The major flowpaths requiring attenuation are dtaw and subsurface flows. Traditionally these
“less visible”, low concentration but high volumewpaths, have been considered to be insignificant
transporters of pollutants (compared to high cotre#ion, low volume surface runoff). However,
recent research has highlighted their importandeen@ation tools for these flowpaths are typically
pollutant specific rather than multi-pollutant. Ge#fectiveness improves by targeting multiple
pollutants. Specific opportunities include:

* Enhancing P attenuation in constructed wetlands, égfilters on the outlet structure,
P retaining additions to wetland soils

» End of drain filters encompassing sediment, nitrogied phosphorus attenuation tools

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems Vi
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» Further research on the inclusion of reactive nalefor removal of P (e.g., lapilli) and N (e.qg.,
woodchips) along new tile drains.

Field test bottom of catchment wetlands.

Bottom of catchment wetlands have potential in botiseflow and stormflow dominated systems
(depending on outflow structure design). They bee@mmore cost-effective attenuation tool when
marginal or community land is available. There @s® options for cost-sharing with the community
in recognition of their wider ecological and envingental benefits. An opportunity exists to augment
Environment BOP monitoring of the Lake Okaro wetlamear Rotorua to include sediment and
pathogen monitoring.

Quantify nutrient and pathogen reductions as a result of livestock exclusion and other
alter native strategies from hill-country perennial streams,

Investigate the benefits of livestock exclusion on inter mittent streams, wetlands and seasonally
saturated areas.

Little data exists on nutrient and pathogen redumstidue to direct livestock deposition in ephemeral
pathways. Current research projects in New Zeatarthot fill this gap because they involve the
implementation of multiple BMP at whole of catchrhenales. Livestock exclusion is a high profile
issue for the dairy industry and is gaining profiiehe sheep & beef industries. Livestock exclasio
may be problematic on hill-country. Potential reshaissues include: (1) simple solutions for off-
stream watering and (2) in landscapes where totalugion is impractical alternatives, partial
exclusion or modifying animal behaviour (e.g., gbs, supplements or shade). Exclusion could also
be beneficial beyond permanent stream marginsasosal channel network expansion may increase
the probability of livestock access to surface wate

Field test seepage wetlands attenuation perfor mance, particularly for SS and P, and evaluate
their potential to bereinstated where drained

Much of the research effort on natural seepageawet has been on short term (hours) nitrate removal
and denitrification rather than total N removalfpemance. Research is needed to measure the net
sediment, N and P exports from a range of seepafjanis under baseflow and event conditions.

Field-test TN, TP, SS and faecal microbe attenuation from surface drainage by facilitated and
constructed wetlands.

Most of the research on treatment of diffuse runeging constructed wetlands in New Zealand has
focussed on subsurface tile-drain flows transpgrimainly dissolved nutrients. Wetlands treating
surface drainage flows with higher sediment loads lkely to perform well for all of the key
pollutants, but further information is necessarguantify the long-term performance of these system
under local conditions and develop appropriategieguidance.
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—NLWA_—

Taihoro Nukurangi

Communication gaps needing attention include:

Develop simple tools, supported with training courses, to assist with the selection of suitable
attenuation tools for different landscape and soil types, and far ming systems

None of the existing guidelines provide tools tépHarmers/land management officers/farm advisors
identify flowpaths and attenuation tools suitaldetheir particular landscape and farming operation

Integrate infor mation on awider range of pollutant attenuation optionsinto far m-scale nutrient-
budgeting tools such as Overseer®.

Develop practical guidelines for farmers to support appropriate protection, rehabilitation and
management of natural attenuation features on farms (e.g., wetlands).

Develop practical guidelines for farmersto support proper design, implementation and on-going
management of other widely applicable attenuation tools (e.g., sediment traps, constructed
wetlands).

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems viii
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1. Introduction

Figure 1:

New Zealand's surface waters (streams, lakes, gjveetlands) and groundwater
systems are coming under increasing pressure falutgnts mobilised by intensive

farming (PCE 2004). Pastoral farming has degraded Realand’s freshwater quality
by: mobilising sediment, nutrients and faecal migs altering stream bank and
channel morphology; draining wetlands; and remowipgrian shade resulting in
nuisance algal growths, heating and oxygen stigdg (1997; Parkyn et al. 2002;

Parkyn & Wilcock 2004; Smith et al. 1993; Wilcoc®86; Wilcock et al. 2007). Rural

stream habitats are typically degraded, with ladggd changes in pH, dissolved
oxygen and temperature, as well as poor visuaitglédavies-Colley & Nagels 2002;

Wilcock et al. 1999).

Farming in New Zealand continues to intensify. 8iri®94 the dairy industry in
particular has expanded, and the drive to incrpasguction per hectare and per cow
continues to escalate (LIC 2007; PCE 2004). Betwi394/1995 and 2006/2007 the
number of dairy cows increased by 38% and the Z00&YVerage stocking rate of 2.81
cows/ha is the highest recorded (LIC 2007). Pradacper cow also continues to
increase; between 1994/95 and 2006/07 the avemageased 22% from 271 kg
milksolids/cow to 330 kg milksolids/cow. Nitrogeesrfiliser use has increased from
almost none in 1995 to an average of 115 kg N/ha0@5 (Clark et al. 2007). In
addition to N fertiliser the use of supplementaegd sources, such as maize silage and
palm kernel extract, has increased (Clark et @720
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Dairy industry trends (adapted from PCE 2004).

The sheep and beef industry is also becoming muensive. Despite a decline in
stock numbers, production has increased as a resuiigher lambing rates and
heavier livestock weights. Fertiliser use has atepeased, particularly on intensive
farms (Figure 2).

F"'(‘,

F"t‘,.

With increasing awareness of the environmentalsrs&ompanying intensification,
several strategies or programmes have been put lace pto promote an
environmentally sustainable farming industry. Fatraple, in May 2003 the Dairying
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and Clean Streams Accord was signed by MfE, MABioreal councils and Fonterra.
The Accord is a statement of intent and frameworkaictions to achieve the goal of
clean, healthy water in dairy catchments. The Adcorcludes targets for (1)

excluding livestock from streams and regionallynffigant wetlands, (2) managing
stream crossings, (3) nutrient budgeting and (H)eit disposal. The dairy industry
has also established a number of environmentakgoatlined in the “Dairy Industry

Strategy for Sustainable Environmental Managemébtiry Environment Review

Group 2006). The following targets have been gethe next decade:

» Nitrogen loss — 50 per cent less than benchmark.

* Phosphate loss — 50 per cent less than benchmar&awy soils, 80 per cent
less than benchmark in free draining soils.

» Microbial — capable of delivering contact with sdard water in all water-flow
leaving the farm property. (Presumably this meaciexing standards for
contact recreation as specified by MfE/MoH).

decr ? sin decrg
99‘,./ H = 9 o
F [N -]
?‘ uncertain = -

Down 7% Down 20% on Up between Down between
1981 - 2002 MNorth Island farms A44-T7% 5-20%
and up 28% on 1981 - 2002 1981 - 2002
South Island farms
1981 — 2002

Source: MWES, 1982; MWES, 2003a; MWES, 2004

in i in
o ] L2°19 Pt
U o (e
£ = =

Up between 11-19% Up between 168-263% Up between 24-28%
1981 -2002 1991 - 2002 1991 - 2002

Source: MWES, 1982; MWES, 1992; MWES, 2003a
Figure 2: Sheep and beef industry trends (PCE, 2004).

In the paddock, nutrients and sediment are perde@gea resource promoting plant
productivity, but downstream in receiving waterseythcan become pollutants.
Relatively small agronomic loss rates (<5% of agplN and P) can translate to
significant loads to aquatic systems, especially fmkes and enclosed coastal
embayments. Concentrations in farm runoff are #ibic0.3-3 gN/mi and 0.02-0.3

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 2
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gP/m. In lakes concentrations above 0.2 gR/mnd 0.01 gP/m can cause
eutrophication (Vant 1987), while concentrations\a0.04-0.1 gDIN/fhand 0.015-
0.03 gFRP/rhare considered to be non-limiting for periphytaovgth in flowing
freshwaters (MfE 1992). Loading of pastures by mgpZivestock provides the
potential for the transfer of pollutants to watenses. The driving force behind
pollutant transport from land to waterbodies isewaas it provides the energy and the
carrier for pollutant movement (Figure 3). Losscentrolled by physical location,
pollutant form, fate and environmental availabilitgoupled with hydrologic
processes, the conveyors of pollutants (Gburek 2080).

This report is a stock-take of pollutant attenuataptions for pastoral farming, with
specific reference to the dairy, sheep and beefsings. The report briefly examines
the sources and forms of key pollutants, defingsnaation and key attenuation
processes. A brief examination of attenuation i@ tlontext of farm water quality
management and planning is made and the key stpshé successful use of
attenuation tools explored. Potential attenuatiagiessand farm hydrology are
reviewed. A toolbox of all currently available attetion tools is developed and the
tools are reviewed. New Zealand literature is usbdrever possible, with overseas
research filling knowledge gaps. The report dematss the farm planning steps
needed to select attenuation tools from the attemu&oolbox by working through
seven generic scenarios and evaluating the castteféness of relevant tools. Lastly,
future research needs and recommendations araeultli

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 3
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POTENTIAL FOR TRANSFER

Figure 3: Controls governing pollutant transfers from pas{aapted from Oliver et al. 2005).

11 Key pollutants

Given proper management of point sources of wasewshe key water quality

concerns stemming from pastoral farming relatehto three major diffuse (or non-
point source) pollutants: (1) nutrients from liveek wastes, fertiliser application and
eroded sediment, (2) microbial contamination frawedtock faeces, and (3) sediment

impacts (reduced water clarity and sedimentation).

Nitrogen can be transported by water in severdémiht forms, including dissolved
inorganic N (nitrate, ammonium and nitrite), dissal organic N and particulate-
associated N (e.g., particulate organic N and &gsbammonium) (Figure 4). Forms

Stocktake of diffuse pollution attenuation tools ffeew Zealand pastoral farming systems
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of nitrogen can change during transport due todmnafemical transformations (e.g.,
mineralisation of organic N, nitrification of ammah The main routes for nitrogen
transfer from hillslopes to streams are generdl)ynftrate leaching, (2) direct inputs
of animal excreta to streams, (3) transport of eecby surface runoff, and (4) soil
erosion. In New Zealand the major sources of ngnogre from leaching of livestock
urine patches and applied N fertiliser (Ledgard &rnvleer 2005), as nitrate.

total nitrogen (excluding nitrogen gas)

organic nitrogen inorganic nitrogen

dissolved particulate ammonium nitrite ‘ nitrate

detritus |plankton|sorbed |dissolved

Note: total Kjeldahl N = organic N + ammonium

total phosphorus

filterable/dissolved/soluble particulate

reactive ‘ organic organic inorganic

detritus ‘ plankton

Main forms of nitrogen and phosphorus in waterefacCutcheon et al. 1993).

Phosphorus may be transported in soluble and phatéc forms, with particulate P

including P sorbed (incorporated into or adherimghte surface) by soil particles and
organic matter (Figure 4). In this report the tdilierable P is used, rather than
dissolved or soluble P, as the filtrate could bmiature of dissolved forms and P

attached to colloidal material that passes thrahgh0.45um filter. Phosphorus may

come from many sources, including fertilisers, saihd any weathered rock, plants,
microbial biomass and grazing animals. In headwstirams, direct deposition of P
fertiliser into the stream channel can constitutegaificant proportion (~8%) of total

P exported (Cooke 1988).

Faecal material is a source of enteric virusestebac cysts and oocysts and parasitic
protozoa. Faecal contamination is usually detettedesting forindicator micro-
organisms, such a<. coli, that are consistently present in faecal wastesifison &
Ross 1999). It is assumed that if these organistosran stream water, then other
more pathogenic micro-organisms are also likely lte present, such as
Campylobacter, Salmonella, Cryptosporidium andGiardia. The key source of faecal
contamination on farms is grazing livestock, altjowvild and feral animals can be an
additional source. Faecal microbes may be intraditedreshwaters via “direct” (i.e.,
deposited directly into stream) or “indirect” patiyg, such as the transmission of
fresh or aged faecal matter in surface runoff, stfbse flows or drainage (Collins et
al. 2007).

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 5
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Sediment is made up of particles derived from nahesr biological material
transported by water. Particle size exerts a n&jatrol on entrainment, transport and
deposition of sediment. Suspended sediment is bpeadly defined as fine-grained
particles that are retained by a i filter. It is mostly fine grained mineral pargsl
<63 um or low density organic particles up to ~ 1 mm\{i2a-Colley & Smith 2001).
Fine sediments, for example clay size particlesgHarge specific surface areas and
therefore can be enriched with pollutants. Sedingantbe sourced from paddocks or
from stream banks and beds. Generation and transpsediment from paddocks to
streams is strongly influenced by particle sizeil $ydrology, slope and land
management.

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 6
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2. Attenuation

21

Attenuation is the permanent loss or temporaryagrof nutrients, sediment or

microbes during the transport process between wihene are generated (i.e., in the
paddock) and where they impact water quality (aedlpwnstream water body, such as
a lake). Generic attenuation processes include #ttenuation, deposition, microbial

transformations, vegetation assimilation and otpéysical and biogeochemical

processes (Table 1).

These processes can alter pollutant concentraiodsloads by (i) decreasing the
mean concentration or load, (ii) decreasing valitgbdof concentration or load, (iii)
decreasing the concentration or load maxima or mani(iv) increasing the total
removed and (v) reducing the frequency of high eotration or load (Viaud et al.
2004). In this report load (or export) changesgwven precedence over concentration
changes, as the cost-effectiveness calculationscaneleted on annual time steps.

Deposition (and other processes enhancing deposition)

Once a particle is entrained in water it beginsitik under gravitational forces. The
distance it travels depends on the drag force efwthter and the settling velocity of
the particle. Deposition begins once the flow vitlotalls below the settling velocity
of a particle. Settling velocity is closely relatedparticle size and density, so that the
coarse and dense particles are deposited firdt, fimer and lower density particles
settling later, often only as the flow velocityl&l

Suspended sediment may also form flocs or comppsitécles that are deposited as
they increase in mass and settle at a faster FFédeculation is the process whereby
smaller particles (inorganic and organic) aggredatéorm larger particles (flocs).
Flocs are composite structures composed of bighbgioaterial (e.g., bacteria,
detritus), inorganic particles (e.g., clay) andevgDroppo 2001). Flocs form within a
water column or on the surface of the bed by aetsaf complicated physical (e.g.,
turbulence), chemical (e.g., ionic concentrationy &iological mechanisms (e.g.,
bacterial population) (Droppo 2001). The compositemd structure of a floc is in a
continuous state of change and as a result a figgysical (e.g., transport), chemical
(e.g., adsorption) and biological behaviours may vaarkedly.

Sediment deposition stores material and therebyce=sithe concentrations and export
(load) of suspended sediment from the system. Sedistorage may be short or long
term. For example, sediment deposition in a grédss Strip will probably be short
term (days-tens of years), while a blanket of sedinover a floodplain will be stored
for longer (tens to hundreds of years; Fryirs e{2007)).

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 7
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Sediments are a mixture of living organisms, inaigaand organic particles, faecal
microbes, microorganisms and may be a substantiédient store. Suspended

sediment can contain a suite of sorbed and staictivemicals notably phosphorus
(Baldwin et al. 2002). Deposition of pollutants lvguspended sediment will increase
their residence time in the system and potentiaktpose them to other physical,
biological and biogeochemical attenuation proce¢sas, deep burial and uptake by
plants). Deposited sediment may also assist widatorg suitable environmental

conditions for other attenuation processes to odear example, anaerobic organic
matter-rich conditions are conducive to denitrifica. On the other hand physical,

biological and biogeochemical processes may rasulie release of soluble nutrients
from deposited particulate forms. This process nealyice the long-term effectiveness
of mitigation measures such as wetlands and gitss dtrips — while they remove

particulate nutrients during flow events these nsapsequently breakdown and
release soluble nutrient.

2.2 Biota uptake and stores

Plants and their residues can be important sinkssmarces of nutrients. Growing
plants and microorganisms immobilise inorganic Paid other macro- and micro-
nutrients from the soil into their biomass. A prgmm of these nutrients are released
when plant cells die and decay, and can be tratespan particulate or dissolved
organic forms, or (as a result of mineralisatiam)riorganic forms. Microbes grow,
die and decompose on a much faster time scaledbamscular plants, but they can
be important in short-term pollutant immobilisatigfadlec & Knight 1996).

Assimilation refers to a variety of biological pesses that convert inorganic nutrients
(e.g., nitrate or ammonium and phosphate) into rmcgeompounds that serve as the
building blocks for cells and tissues.

Plants can also be used for phytoremediation -rtfs#u treatment of contaminated
soils, sediment and water by plants. Organics,ienttrand metal pollutants can be
accessed by the roots of plants and transpirediesegred, degraded, immobilised or
metabolised.

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 8
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Table1: Attenuation process definitions and constraints.

Attenuation Description/definition Constraints References

process

Deposition settling of sediment, flocs, low velocities promote settling; (Knighton 1984)
detritus, phytoplankton from the larger particles settle quickly, fines
water column e.g., floodplains, slowly.
soil deposits

Infiltration entry of water and associated ability of soil to transmit water away | (Hillel 1971)
pollutants into the soil from soil surface

Filtering sieving of coarse patrticles by porous barrier e.g., dense grass (Dosskey 2001;
plants or finer particles/microbes | cover or soil Oliver et al. 2005)
by soil matrix

Plant/algae removal of dissolved inorganic or | unless harvested and removed

uptake organic nutrients from water or nutrients will be released during

soil water by plants

senescence and decomposition

Denitrification

microbial production of nitric
oxide (NO), nitrous oxide (N2O)
and N from nitrate

low oxygen (suboxic) conditions,
carbon source, nitrate available

(Burgin &
Hamilton 2007;
Seitzinger et al.
2006)

Flow attenuation

Storage and attenuation of flood
runoff

sufficient storage, location in
landscape, flooding

(Mitsch 1992)

Adsorption

physical or chemical bonding of
molecules to the surface of
solids

P: soil chemistry (FeOy, AlOy and
clays), solid type, pH, P
concentration; P released under
anoxic conditions

faecal microbes: presence of salts
and organic matter, pH

(Baldwin et al.
2002; Ferguson
et al. 2003;
Reddy et al.
1999)

Precipitation

removal of components from
solution by their mutual
combination forming a new solid-
phase compound

P: soil chemistry (Fe lll, Ca, Al)

(Baldwin et al.
2002; Reddy et
al. 1999)

Immobilisation

accumulation of nutrients into

most significant when there is a

(microbial microbial biomass large supply of carbonaceous

uptake) material, e.g., plant litter, sawdust

Microbial inactivation of faecal microbes many stressors including (Ferguson et al.
inactivation by unfavourable environmental temperature extremes, pH 2003; Oliver et al.

conditions

extremes, low soil water potential,
high ammonia concentrations and
organic matter contents, UV
exposure, oxic conditions, and
predation.

2005)
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2.3 Biogeochemical transfor mations

Denitrification is the conversion of simple orgamiarbon and an electron acceptor
such as nitrate, to energy, carbon dioxide andagessexides (NO, pD) or nitrogen
gas (N). Denitrification occurs when three conditions sad¢isfied: nitrate is available,
oxygen concentrations are low (suboxic to anoxif,2<mgQ/L) and there is
sufficient organic carbon (Seitzinger et al. 20B@nitrification occurs in microsites
within well drained soils in agricultural land, paly to fully saturated soils,
groundwater aquifers, surface and riparian sedisnant suboxic bottom waters of
lakes and estuaries (Seitzinger et al. 2006).

Another microbially-mediated nitrate removal preeés dissimilatory reduction of
nitrate to ammonium (DNRA). DNRA occurs under aoéer conditions in soils and
sediments and converts nitrate to ammonium whiglrésumed to be more available
than nitrate for plant uptake.

An additional N attenuation process is anammox geotac ammonium oxidation),
although little is known about this process in lngaters (Burgin & Hamilton 2007).
Anammox is the combination of ammonium and nittteler anaerobic conditions
producing N. The nitrite is derived from the reduction of ate, possibly by
denitrifying bacteria. Anammox may be importanteicosystems with limited labile
carbon or an excess of nitrogen relative to carbpats (Burgin & Hamilton 2007).

24 Faecal microbeinactivation

Faecal microbes can be inactivated by a large nuwibgrocesses in soil and water.
Unfavourable environmental conditions such as teaipee extremes, pH extremes,
low soil water potential, high ammonia concentnagi@and organic matter contents,
UV exposure, oxic conditions, and the presencetbéromicro-organisms will all
contribute to death of faecal microbes (Fergusomle?003; Oliver et al. 2005).
Microbe survival may be greater in the stream betirsents in comparison with the
overlying water column. Bed sediments can providggetion against predation, UV
inactivation and act as a source of nutrients @liet al. 2005). Artificial flood
experiments in a Waikato stream generated totathamnel E. coli stores of
approximately 1®cfu/nf streambed (Muirhead et al. 2004), confirming thatream
survival of E. coli.

25 Chemical processes

Adsorption is the physical or chemical bonding aflecules to the surface of solids
(soil, sediment, organic particles). Sorption mag physically mediated and
reversible, or chemically mediated and partly orolyhirreversible. Adsorption is

particularly important for phosphorus, ammonia,cédemicrobes, pesticides, metals
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and organic pollutants (e.g., PCBs). Over timeatisorption sites on particles may
fill and the adsorption capacity becomes saturated.

Precipitation is the removal of components fronugoh by their mutual combination
forming a new solid-phase compound. If the solid safficient mass, it will fall out
of suspension and sink to the bottom of the watkrnan. For example, phosphorus is
made unavailable to plants and microbes by theijgitaton of insoluble phosphates
with ferric iron, calcium and aluminium under aambonditions.

Flow attenuation

Natural and constructed attenuation systems mag hater storage and attenuation
functions. Flow attenuation increases the time wWater and pollutants spend within a
system and can also reduce the velocity of watgtu@ing entrainment and enabling
deposition). Water storage may be short or long @epending on the size of the flow
relative to the storage available. The degreetehaation at a given peak inflow will
be far greater for low volume floods and as thedigpeak and volume increase,
attenuation will decrease.

Effects of Flood Peak Attenuation

Upstream discharge
— — — Downstream discharge

Discharge ——»

Time —p

Generalised hydrographs illustrating the effectsflobd peak attenuation. In the
process of flowing from the upstream site to thevikiream sites, peak discharge is
reduced while the total flood volume is unchang&bifemade 1994).

Infiltration and filtering

Infiltration of surface runoff into the soil matrprovides attenuation opportunities. As
water infiltrates large particles may be retainadh® soil surface. Fine pollutants that
infiltrate with the water will be exposed to adgowp sites within the soil. Once water
enters the soil, soil type, condition and moistwentent determine pollutant

movement and removal.

Filtering of surface water by plants and/or thd smtrix is an important attenuation
process during rainfall events. Mesh-like plantnste such as dense grass, and
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associated litter layers can sieve large soil agggess and debris from surface runoff
(Dosskey 2001). There is also evidence that bact@nd protozoa may physically
block soil pores, effectively straining micro-orggms from suspended flow (Oliver et
al. 2005).

2.8 Use of attenuation in farm water quality management

In order to successfully use attenuation tools armf planning, the movement of
pollutants from pasture to streams must be undmistéd/e consider that there are
three key steps to maximising farm water quality:

» setting water quality targets
* minimising risk of pollutant generation
* minimising risk of pollutant transport
0 identify and prioritise flowpaths

0 evaluate the relevance and cost-effectiveness dftirx and
additional attenuation tools.

Once the need for action has been recognised,itgripollutants and water quality
targets need to be developed. Targets must beuttsrdefined, including the time
frame they are to be achieved in, the indicatorsetanonitored and then benchmarks
must be set against which future changes will baitoed set. Catchment targets
need to be developed locally, with consideratiomafter quality outcomes desired by
the local community, the sensitivity of downstressoeiving waters and the natural of
the pollutant sources.

An underlying principle behind water quality managat is that if pollutant
generation can be minimised, then transport to receiving wabedies will
automatically by reduced. Source control strategiieg the generation and loss of
pollutants from their source (e.g., reducing fes#it application rates, nitrification
inhibitors, wintering-off). Livestock exclusion iegarded by some as a source control
technique. It has been included in this reportragttenuation tool as it is generally
targeted along waterways and is the most basic émiparian management.

In many instances source controls alone will notsh#ficient and complementary
attenuation tools will also be required to meetevajuality targets. These may not be
as effective as source control and are generalherdificult to design and maintain.
Time lags in the movement of pollutants mean timasome catchments nutrient
concentrations in streams will increase despiterttieduction of source controls. For
example, around Lake Rotorua many of the catchmamtsinderlain by thick layers
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of fractured ignimbrite and the streams have a pigiportion of baseflow supplied by
groundwater flow. The water in some of these steeas been dated using tritium,
CFCs and SfFand the mean estimated residence time of the dveater varies from
16 to 127 years (Morgenstern et al. 2004). Thecegd intensive pastoral farming is
yet to be seen in streamflow and a range of attemutools could be applied to treat
current and future stream nutrient loads beforg teach the nutrient-sensitive lake.

Attenuation tools can provide a buffer between gastand use and receiving water
bodies. For example, ponds and wetlands can bsffeam habitats against extreme
concentration fluctuations and downstream of faamydeffluent infrastructure they
can reduce the severity (and associated penattiesjcidental spills (e.g., Sukias et
al. 2008).

The following sections focus on using attenuati@olg to minimise pollutant
transport. Water flowpaths and their connectivity explored and then the tools in the
attenuation toolbox are reviewed and their releeaard cost-effectiveness examined.
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3. Potential attenuation sites

31

The driving force behind nutrient transfer fromdato water is water, as it provides
the energy and the carrier for pollutant movemdie hydrology determines how
water moves, its physical characteristics (e.gw ftate and volume), and the area and
time of contact with the soil (Nash et al. 2002heifle are two basic types of
hydrologic energy — slowly varying low flow betweewents, and rapidly varying
high flows resulting from high energy rainfall et ®nSome catchments with porous
soils and extensive groundwater will have fairlpldée flow regimes with limited
variation in flow rate through time, while othersithw shallow soils may have
seasonally variable baseflows and frequent floBdsnfall events can therefore affect
water quality in streams as illustrated by largel amdden increases in pollutant
concentrations generated by a flood event compartee preceding dry period.

Hydrology can be considered at various scalessg@ll)or local scale (<10 m), (2)
paddock/hillslope scale (10-1000 m) and (3) catafinseale (>1000 m). While the
scale boundaries are arbitrary, the key pointas tiee important pathway may change
with scale. For example, as one moves from the gaddo catchment scale
groundwater may be an increasingly dominant floWwpat

Water pathways

At the paddock/hillslope scale (10-1000 m), hydgatoflowpaths can be broadly
separated into surface and subsurface pathwaysré&). Subsurface pathways can
be further classified into matrix, preferential drainage, and groundwater. The
important question at the paddock/farm scale i<wpathway, surface or subsurface,
dominates with respect to flows, pollutant concambns or loads (concentration x
flow). The dominant flowpath will differ for sedimg nitrogen, phosphorus and
faecal microbes. For example, most sediment witkdesported by surface runoff.

Surface runoff or overland flow passes across #ugpck/hillslope as a visible flow
of water over the ground surface (Goudie et al4)98 can be a mix of infiltration-
excess overland flow and saturation-excess ovefland Infiltration-excess overland
flow (IEOF) occurs when water enters a soil systagter than the soil can absorb or
soak it up. It is common on impervious surfacehsagtracks and roads, low porosity
soils or where heavy grazing results in pugging aathpaction, or seals the soil
surface. Saturation-excess overland flow (SEOFur€i) is a combination of rain
falling directly onto saturated areas and shallobssirface flow that re-emerges at the
soil surface (Chorley 1978). Soil saturation artdnreflow often occur when there is a
reduction in slope angle (e.g., at the base oflgidpe), and where slowly permeable
or impermeable layers are close to the soil surf&ceface runoff will have a short
contact time with the hillslope, unless it infittes before entering the stream. The
residence time is typically in the order of howslays.
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Subsurface ﬂow\,v\,\’)

Water pathways from pasture to streams.

Stream

Rainfall

R

Infiltration excess

Unsaturated overland flow

Saturation-excess
overland flow

Saturated zone

Return flow

Surface runoff generated by infiltration-excessriared flow and saturation-excess
overland flow.

Subsurface pathways include lateral flow through $loil and vertical drainage to
groundwater. Subsurface flow is generated followirfgtration of rain into the soil,

and water may flow rapidly via macropores, (smdlamnels through the soil —
artificial or natural) or saturated soil horizor®, slowly through the soil matrix.

Matrix flow passes slowly through the soil and lefong contact time (weeks to
years). The retention time of water and solubldupahts is therefore dependent upon
many soil properties (e.g., texture, porosity, belfimpermeable layers, slope),
position in the landscape and amount and frequehayinfall. Artificial drainage,

such as mole and tile drains, can rapidly divertewand pollutants to a stream, thus
short-circuiting other pathways and reducing theaspunities for nutrient attenuation.
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This transfer will take place in the order of miemito hours. Water that infiltrates the
surface and moves vertically through the soil peafiiay become groundwater flow.
Groundwater flow is deeper saturated flow (Figujeafd groundwater residence
times and flow rates depend on the underlying aod rock (aquifer) properties.
Groundwater may re-merge at the ground surfacepengs or flow directly into
receiving water bodies.

3.2 Connectivity

The delivery of pollution to a stream from a paddbtlslope depends on the spatial
and temporal movement of water via flow pathwaydd aheir connectivity.
Hydrological connectivity refers to the passagewater from one part of the
landscape to another (Bracken & Croke 2007). Undeding the connectivity
between parts of the landscape (e.g., paddockstegaims) is crucial in explaining the
behaviour of pollutants.

Landscape setting and configuration shapes theatperof hydrological processes
over a range of spatial and temporal scales. Samdgstapes have well connected
flowpaths and rapidly transmit water during raihfavents. Pastoral systems with
artificial drainage, soil structural degradationmpermeable areas such as tracks and
races have increased connectivity resulting inlgiglilsed hydrology. For example,
event hydrographs for mole and tile drains onlsdim near Palmerston North peaked
in less than 5 minutes (Magesan et al. 1995). Tdlevaty of large quantities of
pollutants over such short time periods presengdlariges for attenuation systems.
Other landscapes may less well connected resuitingignificant lag times in
pollutant movement. During events water may trawalrt distances before infiltrating
into porous soils, particularly during small-moderavents. For example, on pasture
at Kaharoa near Lake Rotorua, surface runoff wesrded on eight days in one year,
but most re-infiltrated and on only three of thelsgs was there significant surface
runoff (McKergow, unpublished data). Disconnectiorsome landscapes may be the
result of time lags introduced by slow moving grdwater.

Connectivity can also vary on seasonal scales.ekample, Wigington et al. (2005)
documented seasonal channel network expansion @regon stream. During winter
the channel network included drains and intermitsgreams and the active stream
drainage density was 8 km/knwhile during summer flow was restricted to a &ing
perennial channel (0.24 km/km Expansion of saturated areas (e.g., Cooke & Dons
1988) can also increase connectivity seasonally.

Landscapes can be broadly classified into units hbae similar flow paths. While
there is no unifying landscape classification systesed in hydrology (McDonnell &
Woods 2004), some generic classifications have degmed for northern hemisphere
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near-stream zones (from Haycock & Muscutt 1995¢hStassification systems could
be useful at a regional or landscape unit levedidip identify flowpaths and suitable
attenuation tools.

Figure8: Simple classification of hillslope hydrogeology,tivimpermeable substrate in black
and permeable substrate in grey. A. Impermeablisidpe and floodplain; B.
Permeable hillslope; C. a flat permeable landscdpe;an artificially drained
impermeable landscape (Haycock & Muscutt 1995).

Opportunities to treat agricultural pollution indkr (i) close to the source, preventing
mobilisation, (ii) along the transport pathways iyl before a stream or aquifer exits
into a sensitive environment (e.g., bottom of cateht treatment). Pollutants may
pass through multiple attenuation tools on theiy wathe bottom of the catchment
(Figure 9). This tiered approach introduces an elgnof safety to the attenuation
cascade.
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Figure9: Conceptual model of pollutant transmission andnati&ion from the pasture surface
to receiving waters (adapted from Oliver et al. 200
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Agricultural pollution may distributed throughotutet landscape (diffuse source; e.g.,
seepage of groundwater or sheet flow surface ruwoffocused at discrete discharge
points (point source; e.g., effluent pond dischardeiffuse sources are often
individually minor, but collectively significant.dht sources are usually simpler to
recognise and treat. Pollutant pathways may slefiveen the point and diffuse
extremes. Neal & Jarvie (2005) expand the simplmtybffuse classification to
include point-diffuse and diffuse-point sourcesr E@ample, mole and tile drains
collect diffuse runoff which is then dischargedatetream as a point source (diffuse-
point). In contrast, land disposal of dairy farnfilefnt from a storage or treatment
pond converts a point source to a diffuse souromjliffuse).

Many attenuation tools could be placed at seveffdrdnt locations in the landscape.
For example, constructed wetlands can be placdtieoend of each tile drain outfall,
or one larger wetland could be constructed to tthat streamflow from a small
catchment.

Multiple
upstream

- Single
downstream
wetland

Figure 10: Alternatives for locating wetlands in a catchmenmnany smaller upstream wetlands
intercepting small streams or tile drains versus lamger downstream wetland (from
Mitsch 1992).

As well as being significantly affected by farm aamanagement (e.g., irrigation and
drainage), the water-yield and hydrological regini#soding, ephemeral and low-
flows) of waterways and waterbodies in agricultwwatchments may be locally and
cumulatively affected by attenuation systems. Bangple, filter strips, ponds and
wetlands can all attenuate flows, increase infitra and evaporation losses, and
change the physicochemistry of runoff. Such hydyoial effects can influence the
ecology, and human uses and values of downstreaatiagystems.
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4. Attenuation toolbox

After dominant pollutant flowpaths have been idégdi on a farm and their ease of
interception has been evaluated, attenuation taoisbe compared and assessed. We
use the analogy of a toolbox to convey the conttegiteach tool has been designed to
do a particular task. The attenuation toolbox dostsa number of natural and
constructed tools that could be used on farms ifdd¢mns are suitable (Table 2).
Preserving and protecting natural attenuation tsalsh as seeps and wetlands is a
cost-effective attenuation option. For each toolaage of variations is listed,
depending on the landscape -characteristics, inggrde flowpath and chosen
implementation scale. Some tools, for example coottd wetlands, can be applied at
a range of scales from paddock (e.g., small wetlastdhe end of tile drain) to larger
wetlands at the outlet of a small catchment.

For any particular paddock or farm there may besshattenuation options available
to a farmer. Table 2 contains a summary of thelilegplicability, landscape fit,
knowledge gaps, efficacy and cost, and additionahehts/disbenefits for each
attenuation tool. Some tools such as livestockusxah are highly and universally
applicable (Table 2). However, there are constsamm many of the tools. For
example, denitrification walls are primarily limiteto loam soils where subsurface
flowpaths can be easily intercepted and thus arevidely applicable (Table 2).

Natural, rehabilitated and constructed attenuasgstems (e.g., riparian protection
and wetlands) can in themselves have importanttatatbiodiversity, and aesthetic
functions and values in agricultural landscapedid@hally, emissions of greenhouse
gases (CQ@ CH,;, Ny,O) are an indirect outcome of many contaminantsfiamation
processes, whether they occur in an attenuatidersysr at a downstream site where
they have impacts (e.g., lake or estuary). Theeefior addition to direct reduction of
contaminants, the broader influence of the attéonmaiptions being applied needs to
be understood and assessed. An accurate econoaliaten of many attenuation
options will only be possible once research is coted so that these ancillary
benefits (ecosystem services) can be taken intouatc

Six broad groupings of attenuation tools have béentified and are used to structure
this section of the report — reducing hydrologiamectivity, riparian management,
drainage manipulation, sediment traps/dams/pondstlamds and plant/algae
harvesting, and reactive materials/filters. Forhegioup the efficacy and applicability
of individual tools is evaluated. Some of the attgion tools are widely used already
(e.g., riparian buffers), while others are the eabjof full-scale trials in several
landscapes (e.g., constructed wetland receivingwstdce drainage) or are emerging
technologies at the ‘proof of concept’ phase (dlgating wetlands). The attenuation
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tools are placed on the spectrum from ‘proof ofcapt’ to ‘action’ to illustrate their
development status (Figure 11).

Legend: sediment, phosphorus, nitrogen, combination

Proof of _ _ <= @Catchment@ —
concept Pilot scale trials Full scale trials Jfarm scale 'ACTION
establisheq Qo Q.__evaluati
floating wetlands denitrification wall constructed wetlands  decision
paddock design to livestock management (drainage) tools
enhance attenuation around headwaters & bottom of catchment
e.g., gates, troughs, ephemeral waterways wetlands livestock exclusion
races seeps riparian GES and buffers
managed drainage wood chip filters

aquatic plant harvesting*

sediment ponds

reactive materials for drain flow
Figure 11: Spectrum of attenuation tool development statudew Zealand. Fonts indicate the

pollutant targeted by each tool.

Where sufficient information is available the to@isinimum pilot scale trials; Figure

11) are costed and a short overview of the assomptiinderlying the costing of the
tool is provided. Gaps in communication, researuth farm scale modelling tools are
also listed for each group of attenuation toolsm&dools have been field tested in
several landscapes (e.g., constructed wetlandviegesubsurface drainage), while
others are emerging technologies that may have beeluated at one site (e.g., P
sock).

All cost estimates are based on realistic commierei@s (exclusive of GST) as if
done by an external contractor, including constdtdaes, contractor establishment
fee, digger and operator rates of $120/hr, labod58/hr, and transport of materials
50 km to site. No specific allowances have beeneriadany resource consent-related
costs that may be involved in implementing thedenaition options. Fencing and
weed spraying costs are applicable to several taots standard costs have been
adopted for these. Two wire electric fencing (Noo@nd posts at 8 m spacing) is used
on dairy farms and costs $1.90/m. Five wire (theleetric, no battens) fencing is the
chosen option for drystock farms and costs $4.80/hese costs are based on an
article in QEII National Trust Open Space MagaZiNe. 58, September 2003). Weed
spraying costs are estimated at $55/ha.
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Table2: Attenuation toolbox (rankings are High, Moderate, Low).
Attenuation tool Description Variant(s) Intercepted Primary attenuation | Scale(s) Likely Target |Landscape| Knowledge |Efficacy|Cost Other indirect benefits /disbenefits Key NZ references
flowpath(s) processes applicability | pollutants fit level in NZ
in NZ
Reducing hydrologic connectivity
sea P
reduce 9ns, g s surface runoff disconnection P ' H faecal H L L-M L
- reduce connectivity with farm .
connectivity microbes
streams
Riparian management
exclude livestock from stream flow, surface avoid direct faecal addock Sed P N . )
Livestock margins of streams, drains, | | .. dculverts | drains, stockwater | o T P ‘ ’ H taecal H H H L b: reduced stock losses; aesthetics (Davies-Colley et al. 2004; McKergow &
exclusion stock water races, lakes ridges and CUNerS | aces, lake water epostion * grazing am, acca . i i Hudson 2007)
s ’ i~ disturbance catchment microbes d: potential weed management issues
wetlands and estuaries wetlands, estuaries
managed band of dense riparian, hillslope or | surface runoff (sheet | deposition, infiltration Sed, P, N,
Grass filter strip ' N " | paddock M faecal L M M-L L d: potential weed management issues (Collins et al. 2004; Smith 1989)
grass ephemeral channel flow) filtering microbes
) o b: channel shading; improved aquatic habitat, wood and leaf
o managed band of native plants; forestry;| o e o - inoff (sheet deposition, infiltration, supply to stream; recreation; cultural harvesting of flax and -
Riparian buffer shrubs/trees along stream sequential GFS + flow) + subsurface flow filtering, nutrient paddock H Sed,P,N M H ML | M other plants; biodiversity value; landscape aesthetics (Cooper et al. 1995; Williamson et al. 1996)
bank buffer uptake, denitrification
d: requires some active vegetation management.
Drainage manipulation
Vegetated or vegetated surface drains with surface runoff + deposition, b: improves biodiversity and provides seasonal aquatic habitat : ,
iall h tati t bsurface flows in | denitrificati trient paddock, M Sed. NP L L Mo LM (Nguyen & Sukias 2002; Nguyen et al.
partially- marsh vegetation or water- subsurface flows in | denitrification, nutrien farm ed, N, - d: may require redesign of drainage systems to prevent 2002)
vegetated drains tolerant grasses. surface drains uptake flooding; potential weed management issues
Managed or manipulation of water table to b: soil water st food attenuati
; i drai i i : soil water storage; flood attenuation
controlled temporarily retain drainage with anq vylthgut subsurface drainage denitrification paddock L N L L M-L | L-M (Singleton et al. 2001)
drainage waters to promote effluent irrigation d: requires active management
denitrification
Sediment traps, dams & ponds
paddock b: can reduce drain clearance costs
Sediment trap surface runoff deposition f ' M Sed, P L L-M M L (Hudson 2002)
am d: may alter drain hydraulics
surface runoffin flow attenuati ddock Sed P b: stock water supply; duck shooting; flood attenuation; and
i i ow attenuation, paddock, €d, r, improve landscape aesthetics
Dams and ponds sedlment?ﬁlor:ﬂp (zjnds (outlet e;t)hemefrlal CT”T'Z’ deposition; solar farm, M faecal M L-M M-H M (Sinton et al. 2002)
rottled) stream Tlow aiverte disinfection catchment microbes d: can have negative impacts on downstream flows, water
during floods temperatures and dissolved oxygen impacting aquatic life.
Wetlands and algae and plant harvesting
Aquatic (Cox 2004; Craggs 2002; Craggs et al.
Iq harvested beds of watercress nutrient uptake + paddock, b: forage crop for stock 1996a; Howard-Williams et al. 1982; Howard-
ant/algae . . P + orage crop o . o
E take and or other aquatic macrophytes springs, stream flow | deposition, filtering, farm, L N, P L L M-L H ) ) Williams & Pickmere 1999; Howard-Williams
thvestin or filamentous algae denitrification catchment d: requires active management & Pickmere 2005; Tanner 1996; Tanner
g 2001a; Vincent & Downes 1980)
denitrification. nutrient b: aquatic habitat and biodiversity; improve landscape B &N 2002 Math el
A vi i aesthetics; recreational hunting, cultural harvesting of flax and urns & Nguyen » Matheson et al.
Natural seepage | seeps flowing via wetlands at subsurface flow + uptake, deposition, paddock H-M Sed, N M M M-H L ofher plants; flood aftenuation; water storage 2002; Rutherford & Nguyen 2004; Sukias &

wetlands

edge of streams

some surface runoff

mineralisation,
adsorption

d: potential weed management issues

Collins submitted)
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Attenuation tool Description Variant(s) Intercepted Primary attenuation | Scale(s) Likely Target |Landscape| Knowledge |Efficacy|Cost Other indirect benefits /disbenefits Key NZ references
flowpath(s) processes applicability | pollutants fit level in NZ
in NZ
stream flood flows intercepted
Floodolain by riverine wetlands, natural. created or flow attenuation, farm
p meanders, oxbows, ' floods deposition, nutrient ’ M-L Sed, P, N M L-M M-L |L-H as above
wetlands . restored e catchment
billabongs, lagoons, deltas uptake, denitrification
etc.
treat drainage or denitrification, nutrient paddock (Sukias et al. 2005; Tanner et al. 2005a;
Constructed artificial wetland created on | effluent;: constructed, | stream flow, tile drain | uptake, deposition, ' Tanner et al. 2005b; Tanner et al. 2005c)
o ) . farm, M Sed, N U H M M-H as above : , :
wetlands key flowpaths facilitated or bottom of| flow, surface drains adsorption,
. L catchment
catchment mineralisation
wetland plants growing in a deployable in denitrification, b: able to cope with fluctuating water levels; can be used to | Lake Rotouehu (EBoP) and Hamilton Lake
Floating wetlands | floating mat on the surface of |  wetlands, dams, |standing surface water| deposition, nutrient | catchment L N, P L L M H improve attenuation in ponds, dams and irrigation storage (HCC) trials. (Headley & Tanner 2006;
the water lakes, ponds uptake reservoirs Headley & Tanner 2007a)
Permeable filters and materials
- . denitrification . . . (Schipper & Vojvodic-Vukovic 1998; Schipper
Denitrification addition of sawdust to soil to subsurface flow, (adsorption + paddock, b: below-ground so little reduction of usable grazing land ‘et 41, 2005; Schipper et al. 2004; Schipper &
produce suitable conditions surface drains, tile | . I L N L M M-H H - . ) . L
walls Lo . immobilisation in short- farm Vojvodic-Vukovic 2000; Schipper & Vojvodic-
for denitrification drains )
term) Vukovic 2001)
Permeable adition of organic carbon-rich woodchip or straw- ?:(;];gf;ig;or (Sukias et al. 2005; Sukias et al. 2006a;
reactive fiters sourgtez sbfo f rogucgtz F]:ron(tj'ltlons bale filters subsurface drains |, hilisation in short. | P24d0ck M N L M-H H | H | d: discharges from C-rich filters may initially have elevated Sukias et al. 2006b)
suitable for denitrification term) BOD and humic colour
1. stream flow
1. filter sock . . 1. catchment b: in soil or below-ground so little visual impact or reduction of 1. (McDowell et al. 2007)
2 addition toi 2. tile drains 2 vaddock usable grazing land; loaded materials may be able to be reused 2 (McDowell et al.i
addition of reactive materials @ dlr:i):so s natural, facilitated - paddoc as slow-release fertilisers or as aggregates on farm raceways - (McDowell et al. in press)
Reactive to rowpathsa;:ntlc%l source 3 addi and co?stréjcted adsorption, 3.fpaddock, L P, (zeolite L ] wl | H d: instream filters may affect water quality and aquatic habitat; | 3 (Pratt et aSI. iQO?; Sh|”t§n etbal. 2006;
materials __areas anciore duentl g » l't'%n o wetlands precipitation ar;}n or ; also NHa) ; ; need to be close to suitable source of reactive materials; ukias et al. 2006b)
irmigation, ”pir;‘lz and wetlan wetlands 4. surface runoff catchment relatively expensive to retrofit existing drainage systems; likely 4. McDowell pers. comm.
4. alum addition ' 4. paddock to require pgrlodlc re;plapement or rejuygnatlon of materials; fly
5. sails, or porous ash results in caustic discharge- alkalinity must be reduced to | 5. (Bolan et al. 2003; Bolan et al. 2004;
5. zeolite addition  |filters for tile or surface 5. paddock be useful. Nguyen 1997a; Nguyen et al. 1998)
drain flows
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41 Reducing hydrologic connectivity

The basis for these tools is the simple concepleobupling the movement of surface
runoff from pasture to a water body. By using watensitive paddock and farm
design natural hydrologic buffers can be introdudédr example, the re-siting of
gates away from high runoff risk areas such asdt®m of a slope or near a stream.
Increased activity occurs around gates, includingmpling by livestock and
compaction by farm machinery. Repositioning gateayafrom these sensitive areas
reduces the risk of sediment, P and faecal lossieg) lentrained by surface runoff and
transported to streams or drains. Similar prinsiptan also be applied to locating
troughs and farm tracks and races. These toolatattee ‘proof of concept’ stage of
development (Figure 11) and no pilot scale triglgehyet been completed locally or
overseas.

4.2 Riparian management

Riparian management can provide a buffer zone lestvagpaddock and stream. Water
quality can be improved by (1) filtering of polluta from surface runoff, (2)
removing nutrients from shallow subsurface flow bwtrient uptake, and
biogeochemical transformations, (3) stabilisingeatn banks and reducing erosion,
and the (4) reducing sediment and nutrient supely.( livestock grazing) close to
streams. Riparian management can have the addibenafits of providing terrestrial
and aquatic habitat, moderating stream water tesmypes, providing recreational
areas and enhancing stream aesthetics.

Livestock exclusion is the most basic form of riparmanagement and can improve
water quality via functions (3) and (4). The adtitiof a grass filter strip (GFS), a
managed band of dense grass to filter surface frufhmhction 1), will provide
additional benefits if surface runoff is an impartaflowpath. Riparian buffers
(fencing & planting; Table 2) can have the additidmenefits of plant uptake and may
also promote conditions suitable for processes sgcinfiltration and denitrification.
All four riparian management functions are unlikedyoperate simultaneously in any
given environment, unless a sequential riparianfebufs used. In addition the
conditions for some processes will be incompatifdey., denitrification and P
adsorption in shallow subsurface flow; Table 1).

There has been no research on plant uptake ratgzaman zones in New Zealand,
and nutrient biogeochemical research has focusedpanian wetlands (see section
4.7). Therefore cost-efficacy calculations can dmdyevaluated for grass filter strips
and livestock exclusion.
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421 Livestock exclusion

Livestock exclusion is highly applicable to New Eeal livestock farming and is
suitable for stream, lake, water race, wetland astuary margins. The target
pollutants are sediment, nutrients and faecal rogsdTable 2).

Incursion by livestock into streams may cause imateddamage to the stream banks
and bed, and degrade water quality. Livestock camease stream bank erosion
directly through damage arising from trampling €St & Kemperman 1997; Trimble
& Mendel 1995), or indirectly through damage to etagion. The susceptibility of
banks to damage by grazing livestock depends oy fagtors, including bank height,
bank water content and channel stability (Trimbléi&ndel 1995; Williamson et al.
1992). Faecal material and urine may be depositedtly into the water by livestock,
immediately elevating concentrations of faecal obas, nutrients and particulate
matter (e.g., Davies-Colley et al. 2004). Futurents, such as storm events or
additional livestock incursions can remobilise beeposits of faecal microbes,
particulate material and nutrients. Incursion ofe$itock thereby causes both
immediate and long-term damage.

Damage from livestock access depends on: (1) beksinanagement in riparian areas
(particularly whether or not strip-grazing or motocking is practiced) and (2)
numerous site characteristics, particularly soituee and drainage, topography, and
climatic factors (McKergow & Hudson 2007). Theresigdence that livestock access
to streams causes long-term geomorphic and aguoalitat damage at farm average
stocking rates (for cattle and sheep) above 4 S(WliKergow & Hudson 2007). At
the paddock scale, any incursion into the strearodbie can elevate microbial water
guality above microbiological contact recreationdglines (McKergow & Hudson
2007).

Overseas catchment-scale studies have shown gfaian fencing can appreciably
reduce sediment anH. coli yields, while nutrient reductions vary depending o
nutrient sources, forms and flow paths (Line eR@D0; McKergow et al. 2003; Meals
& Hopkins 2002; Owens et al. 1996). These studiesdua “before and after”
experimental design and surmised that the chamgesricentrations and loads were
attributable to riparian fencing. Suspended sedin@ads were reduced by between
30 and 90% in a range of environments (Line e28D0; McKergow et al. 2003;
Owens et al. 1996) and the reductions were ateibta reduced streambank erosion.
Riparian fencing can reduce stre&mncoli concentrations by 30 to 65% after fencing
(Line 2003; Line et al. 2000; Meals & Hopkins 2003jignificant reductions in
phosphorus loads have been reported in some catthiimdlowing riparian fencing
(e.g., Line 2002), while other research has ideati& change in the dominant form of
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phosphorus transport from particulate to dissoleans following reductions in
sediment export (McKergow et al. 2003).

The effect of livestock exclusion cannot be semardtom the impacts of other
attenuation tools in New Zealand catchment scaleliet (Wilcock et al. 2007,
Williamson et al. 1996). For example, livestock legon is just one of several
mitigation tools being implemented in the Dairy Bscatchments (see Wilcock et al.
2007), and therefore cannot be isolated from ottater quality improvements in
these catchments.

A growing number of stream reach scale studies dsimate that unimpeded livestock
access degrades water quality in both dry and hareels (Table 13 in Appendix 1).
Most reach-scale studies use an upstream-downstegparimental design to assess
the impacts of direct livestock access on watetityud&levated suspended sediment,
turbidity, nitrogen, phosphorus artel coli concentrations and exports have been
measured when dairy cattle access streams in lang&ers (e.g., herds fording
streams on the way to milking) and when cattle @&t access streams or ephemeral
channels during grazing (Table 13 in Appendix T)e Tmpact of livestock exclusion
on seepage wetland condition and water qualityeisd monitored in a Lake Taupo
sub-catchment (McKergow et al. 2007b). Prelimindaya suggests that organic N and
total N exports are 5-10 times higher when stoekgaazing the wetland compared to
baseflow conditions without grazing.

For hill country sheep and beef farms alternaticetivestock exclusion by fencing

could be worth investigating. The provision of effeam shade, troughs and
supplements have been evaluated in the UnitedsState the results are often not
consistent (see review by Agouridis et al. 200%istdlling off-stream water in

Virginia reduced SS and TP loads by > 90% and lkdathe faecal coliform load

(Sheffield et al. 1997), while an increase in TRl a change in SS loads was
reported in response to off-stream water in Nordéndna (Line et al. 2000). A study
on steep hill country in the Waikato found that tresence of a trough did not
influence cattle use of the stream or riparian sdBagshaw et al. 2008).

Sufficient data is available to estimate the efficaof livestock exclusion for
permanently flowing stream channels (Table 3). Bospended sediment and
particulate nutrients, livestock-induced bank esnsmay be a significant part of
sediment export. For suspended sediment, the rarigeatchment scale load
reductions is large, and so lower (30%) and up@?d) bounds on export reductions
are given.

Direct inputs from dung and urine alone were ugedstimate the TN, TP arif coli
loadings that could be eliminated from streams witlestock exclusion. Direct
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deposition reductions were calculated at the fazates assuming an average channel
density for the farm, and that cattle have accesschannels all of the time.
Computationally this is identical to having all cimels on %2 of the farm (2 x average
channel density) and cattle accessing channels #heoftime. Dung inputs were
estimated assuming that 1% of pats are depositeti@ams, each cow deposits 13
pats/d and the average pat size is 1.0 kg. Nutdgententrations of 27 gTN/kg dry
weight and 5.5 gTP/kg dry weight and 10.2% solidistent were used to estimate the
nutrient mass added by direct dung deposition (Me@&b& Stewart 2005). The
measured range &. coli concentrations in cattle dung is large and so mum and
maximum values were taken from Wilcock (2006) araliBs-Colley et al. (2004),
respectively. For the urine N input it was assurtiet 1% of urinations occur in-
stream, each urination is 2.2 L, there are 12 tigna per day (Williams & Haynes
1994) and the N content ranges between 1 and 134 ifKeith Betteridge,
AgResearch, pers. comm.).

Two permanent fencing options were used to cosstiack exclusion — 2 wire electric
for dairy and 5 wire (3 electric) for sheep/beetr Fill-country sheep and beef a
comparison is made between 5 wire (3 electric)&mdre post and batten fences (see
Section 5.4). The total length of fencing requi@dth banks) was estimated by
doubling the stream channel density. Stream netwlerisity can be estimated using
either ground mapped or existing topographic dathis typically in the range of 17-
35 m/ha. The calculations assume that (1) livestaole easy access to the channels,
(2) no exclusion fencing is currently in place &By half of the 2 m width to be
excluded on each streambank is unstable and ungtied land. The costing does not
include the provision of off-stream water supplies.
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Table 3: Riparian management tools performance and costing.
Intercepted flow-path Application sites | Situations where likely to be | Target Variant Length of Area Sediment N P E. coli Attenuation Attenuation Notes on assumptions
of significant benefit. contaminant fencing requirement reduction reduction reduction reduction | system set-up | system
m/ha of of attenuation | range range range range costs ($/ha of | maintenance
catchment system/ ha catchment) costs ($/ha of
catchmently)
m/ha m?ha g/mly or g/mly or g/mly or % $/m or $/ha of $imly or $/haly
g/m?yor% | g/m2ly or g/m2ly or system of system
% %
Livestock exclusion from stream channels
Primary function is to remove Edges of Areas with high densities of sediments, P, | Livestock excluded from 17-30 m/ha | 2 x average 30-90% at direct: g direct: g 20-35% 1. fencing assume 1 weed | 1.assumes 2 m fenced margin.
sources of livestock faecal streams, creeks, stream and surface drainage N, pathogens | stream channels per bank channel catchment | TN/cow/m TP/cow/m direct: E. options: spray per haly 2. assumes easy stock access to stream
matter, and treading and drains, wetlands, channels, and soils density m/ha scale channelly channelly coli/cow/m | sheep/beef 5 3. direct deposition reductions calculated at farm scale. Assumes that channel
pugging damage from dams, ponds and | susceptible to treading for both banks dairy 0.05- | dairy: channelly wire (3 density is an average over farm and cattle have access to a channel at all times.
waterways, waterbodies and lakes, within 1-2+ | damage and erosion. to be fenced** 0.43 0.005- 105-108 electric); dairy Computationally this is identical to having all channels on % of the farm and cattle
their margins. m of stable bank intensive 0.008 2 wire electric accessing the channels %2 of the year.
edge. beef: 0.03- | intensive 2. Land 4. dung inputs: 1% of pats deposited in stream, 13 pats/d/cow, 1.0 kg/pat, wet
0.22 beef: 0.004 removed from weight conc from McDowell and Stewart (2006); E. coli concentrations low range
hill beef: hill production 2 m? from Wilcock (2006) and high end from Davies-Colley et al. (2004).
0.01-0.09 beef:0.014 per m channel 5. urine inputs: 1% of urine in stream, 12 urinations/d/cow, 2.2L/urination (Haynes
length for both and Williams, 1994), urine N concentration range 0-13 mg/L (Keith Betteridge, pers.
banks fenced** comm.)
6. does NOT include livestock induced bank erosion for TP.
7. SS does include all sources - i.e., at catchment scale
8. off-stream water supply costs are not included
** assumes that 1/2 of the bank being fenced is not productive - i.e., heavily
grazed/bare soil
Riparian grass filter strip
Surface run-off entering Riparian zones Low-moderate permeability sediments, P, | Riparian Filter Strip 17-30 m/ha 10 x average 20-30%** + | 10-20%** + | 15-30%* + 1. fencing assume 1 weed | 1. most applicable where surface runoff occurs in moderate-high amounts e.g.,
streams, surface drains, around streams, soils, moderate to steep N permeable soils (low clay channel livestock livestock livestock options: spray per haly below sloping, surface sealed (e.g., compacted or high clay content soils) pasture
wetlands and lakes creeks, drains, slopes, and climate zones content) density exclusion exclusion exclusion sheep/beef 5 2. assumes dense grass filter strip, well managed, with upslope edge on contour
wetlands, dams, with high intensity rainfall, channelised flow through (m?/ha)* load*** load*** load*** wire (3 3. assume filter is grazed twice annually to maintain grass cover
ponds and lakes where surface runoff (IEOF) is riparian zone. electric); dairy: 4. assume that livestock exclusion benefits are also applicable to this scenario - i.e.,
a significant pathway of 2 wire electric 2 attenuation functions for a small increase in cost
contaminant transport. * average filter width is 10 m on both banks. The actual width may vary above 2 m
depending on local topography. No planting - retired pasture.
** assumes 50% of surface runoff bypasses filter strip in concentrated channels
*** these benefits are independent as they are different flow paths. They MUST be
calculated independently and then summed.
Riparian Filter Strip 17-30 m/ha 10 x average 40-80% + 20-40% + 30-60% + fencing options: | assume 1weed | as above, except for unchanneled sheet-flow, limited bypassing of filter strip
permeable soils (low clay channel livestock livestock livestock sheep/beef 5 spray per haly
content) density (m*ha) | exclusion exclusion exclusion wire (3
planar slopes encouraging * load*** load*** load*** electric); dairy:
even flow through filter 2 wire electric
strip.
Riparian Filter Strip 17-30 m/ha 10 x average 40-50% + 10-20% + 20-40% + fencing options: | assume 1weed | as above except for low permeability soils greater clay fraction (harder to trap -
low permeability soils (high channel livestock livestock livestock sheep/beef 5 spray per haly slower to settle out of the water column)
clay content) density (m*ha) | exclusion exclusion exclusion wire (3
planar slopes encouraging * load*** load*** load*** electric); dairy:

even flow through filter
strip

2 wire electric
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422 Grassfilter strips

A grass filter strip (GFS) is a band of managedsgthat provides a buffer between
possible contamination sources and a water bodgssSfilter strips are designed to
intercept surface runoff during rainfall or irrigat events and the key pollutant
removal processes include deposition, physicagriilg, and infiltration (Table 1).
Careful consideration of the landscape charadesisare required in order to
effectively intercept contaminants travelling frqgqaddocks into streams as surface
runoff. For example, a riparian GFS will be lithe no use for attenuation if water
mainly moves through the riparian zones as shadlobsurface flow or bypasses the
riparian zone via drains, ephemeral channels, ep deoundwater paths.

Grass filter strips can take several different forincluding riparian GFS, in-paddock
GFS, grass hedges and grassed ephemeral watervayte (2). Riparian and in-
paddock filter strips are strips of grass alonggvpphic contours and are designed to
filter pollutants from surface runoff moving as shélow. Grass hedges are narrow,
stiff-stemmed hedges placed where concentratedsflosecur. Grassed waterways or
swales are strips of grass in flow convergence deay., gully bottoms) primarily
installed to convey excess water and use denssagde stabilise the soil surface
against erosion. Grass filter strips may also ba&ced upslope of plantings in
sequential riparian buffers.

The majority of research on filter strips comesriroropped land where they can be
an effective water quality tool, significantly remiong sediment loads and
concentrations in surface runoff (Dosskey 2001jeFstrips have been tested on land
draining pasture, either with or without manurdiefht additions. Typically between
40 and 80% of the suspended sediment load is eetaibut the variability in
performance is large (e.g., Magette et al. 198%efinger & Clausen 1992; Smith
1989). Nutrients can also be removed from surfaceff, but the nutrient form will
affect removal. Removal of particulate or sedimasdociated nutrients from surface
runoff is generally lower than that of sedimeng(eMagette et al. 1989; Smith 1989).
Significant amounts of particulate P can be remofredh surface runoff if it is
associated with large particles with short settlimges, but if P is moving with clay
particles or colloids then longer settling times aequired. Dissolved pollutants
transported by surface runoff (e.g., nitrate, FRfe)generally reduced the least. Filter
strips may also be useful for reducing faecal nfier@oncentrations, although load
and concentration reductions can vary between (®8f@and efficacy decreases with
increasing flow (Collins et al. 2004; Tate et &08; Tate et al. 2004).

Grass filter strips have been trialled on pastureNew Zealand. Smith (1989)
established retired pasture filter strips on a \Mtaldrystock farm and monitored them
for two years. Flow weighted mean concentrationseweduced by between 40 and
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50% for most parameters. Smith (1989) does notidectata on infiltration of surface
runoff, and suggests that the high trapping ofah&sl nutrients (e.g., N&EN) was
probably due to a reduced supply of nutrients witthie retired strips. Collinst al.
(2004) conducted a series of experiments to evabinat ability of filter strips to retain
faecal microbes from effluent and concluded theyppmg was a function of flow rate.
Under high flow rates (13 L/min) trapping variedween 0-85%, while at low flow
rates (4 L/min) trapping was much greater (>95%)e rass filter strips were a
temporary store for some of the microbes trappégky were mobilised and washed
out of the filter strip in a subsequent event, $sdater.

Current GFS research projects are examining aligenforms of grass filter strips on
pasture. In-paddock grass filter strips at the dsd@pe margins of intensively grazed
blocks are being trialled at Lake Rerewhakaaituryylaand Kaharoa (drystock). The
key advantages of this approach are the close mpigxiof the GFS to pollutant
sources and little or no flow convergence, prowdionditions suitable for high
pollutant removal. Surface runoff occurs mainly idgr the winter months,
concentration reductions vary between 20 and 70%&8, TN, TP and. coli and
load reductions are typically less than 15%.

In steeper hill country with convergent flow patksyeral different GFS forms may
be appropriate. Natural swales are suitable locatior grass filter strips as flow
naturally concentrates in these areas. Howevernrgis, either natural or stock
generated, are likely in natural swales and so @k&St either be designed to spread
flows or withstand concentrated runoff. Filter ggriwith flow spreaders were trialled
on an ephemeral channel near Rotorua (Ledgard. &08l7). Runoff was rare and
volumes were low, but the trial appeared to reduspended sediment and particulate
P concentrations. A grass hedge trial has commen=t Rotorua recently
(McKergow et al. 2007¢).

Many factors influence GFS performance and threeants are presented in Table 3.
Performance depends on soil characteristics, satlisize and load, width, slope,
slope length, vegetation type and density, duratbmainfall, flow rate, and the
propensity of flow to channelise (Barfield et a8098; Dillaha et al. 1989; Magette et
al. 1989; Wilson 1967). Maximum pollutant trappimgriparian GFS can be expected
when surface runoff is uniformly dispersed acrdss gtrip and does not concentrate
into channels (Dosskey et al. 2002). Once runoffceotrates into channels a large
amount of the surface runoff is able to bypassGR&. For example, Dosskey et al.
(2002) modelled sediment removal by GFS on foum&and estimated removals in
the range 41-90% from paddock runoff for unifornaigtributed runoff. However,
because of topographically driven non-uniform rdinofly 15 to 43% would actually
be removed.
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The efficacy ranges in Table 3 are for a densesgiitier strip that is well managed
and has its upper edge on the contour. The avevaljke is assumed to be 10 m (per
bank), but the actual width may vary from a minimofim2 m (livestock exclusion)
where there is little risk of surface runoff to 20-m where there are landscape
features such as ephemeral channels. In additiditteéong functions, riparian grass
filter strips on livestock farms have the additibteenefit of livestock exclusion
(because they require fencing to maintain the graser). For these multiple benefits
the efficacy is calculated independently for ea@ndjit and then the two load
reductions are summed, i.e., total reduction =sliwek exclusion (30-90% reduction
in catchment SS export) + riparian GFS (40-80% c&du in surface runoff SS load).
Biomass removal from GFS is required and it is emiithat this is done twice a year,
along with one weed spray per year. No plantingetquired as the GFS is retired
pasture.

Grass filter strips must be managed to maintaiir thactioning. Current advice is to
lightly graze (preferably with sheep) or if therten permits summer haymaking
(Quinn & McKergow 2007). This is probably best tuni@ early spring (to stimulate
spring growth) and in autumn (early enough to emswerestablishment of a good
cover before winter). Stock grazing must be man&geahinimise treading damage
and compaction of the soil, erosion of streambargey] direct animal input of
nutrients and pathogens to the stream and filtgs. stust how this is achieved will
vary with the situation. This grazing also needbedimed in a fine weather window
to allow some regrowth before a rain event.

4.2.3 Riparian buffers

A riparian buffer is a band or zone of managed tag® between the pasture and a
water body. Riparian buffers may provide conditisngable for all four water quality
functions (see section 4.1). Riparian buffers cendesigned to fulfil a range of
additional functions including, modifying streammigeratures and light, inputting
organic debris, enhancing fish, invertebrate andd btommunities, providing
recreational areas and enhancing flood defencecaNypriparian buffers are planted
with trees, and native species are commonly plantéiEw Zealand.

Riparian buffer design will depend on the desireshge of functions and the
landscape. For example a buffer designed to inctedeeational facilities might be
considerably wider than one designed to modifyastrevater temperature. Riparian
buffers designed to improve water quality must aerswhether the buffer can meet
the specific conditions required for the desire@raiation processes (see section 2)
rather than using a prescribed width. For exampémoval of nitrogen from
subsurface flows by denitrification is a functioh smil type, subsurface hydrology,
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and subsurface biogeochemistry (organic C, higtatel} rather than buffer width per
se.

If the main attenuation process for soluble paldi@inutrients is by adsorption onto
soil particles, then there is potential for thd Soadsorption sites to become saturated
with time (e.g., Cooper et al. 1995; Dillaha et 4889). In order to reduce the
likelihood of P saturation the sustainable net resh@apacity of the buffer needs to
match the nutrient influx from upslope (Cooper ét H995). Actively growing
vegetation and active soil microbial systems witlph to maintain active soil
adsorption sites (by removing bound P) so ther@ ieed to manage the system to
maintain healthy soils and growing conditions. Hpegiodic short-term grazing or
other harvesting is desirable.

4.2.4 Gapsin knowledge or communication

Separation of livestock from water can improve waggality. However, there are
some key research gaps (Table 4):

 Little data exists on nutrient reductions due tedi livestock deposition and
current research projects in New Zealand canddhfg gap.

» Exclusion could be beneficial beyond permanentastranargins and on
streams that are smaller than those included inGlean Streams Accord.
Seasonal increases in flow and channel network rsipa may increase the
probability of livestock access to surface watetre®n channel network
expansion will occur in some New Zealand landscapesin these situations
fencing of channels beyond the permanent streamonletin winter may be
required to reduce the probability of livestockurgion into flowing water.

» For low intensity sheep/beef farms there is a neduhd alternatives to fencing
(e.g., shade, salt licks, off-stream watering) tatlang rates that have minor
damages. A recent review for Environment CanterlfitgKergow & Hudson
2007) revealed that little data exists to guideedtock exclusion policy
development to achieve water quality outcomes gatdck farms.

Priorities for GFS research are evaluating the oiskurface runoff and the degree of
channelisation in order to target GFS where thelyb&i most effective (Table 4).
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Table 4: Communication and science gaps for riparian managem
Attenuation Communication Science gaps Availability in NZ farm-
tool status and gaps scale modelling tools
(OVERSEER® and
NPLAS)
Available: .
Regional council I° seasonal expansion of channel networks
clegn Streams (including drains) on farms — measured for
booklets/ range of landscapes
guidelines + « stocking rate/practices with minor impacts for
Livestock DEC (2006) range of landscapes and stream types
exclusion Gaps: — need to |* loads from grazed saturated areas and/or
include ephemeral channels
gquantitative « grazing behaviour information and assessing
examples of ways to alter this behaviour
reductions . ) . .
expected ¢ stream order/size — efficacy relationships
Available: » importance of surface runoff as aflowand |+ included in
Regional council |  pollutant pathway in various landscapes OVERSEER® (under
guides + DEC |, pasture efficacy — including particle size development) but
(2006) general analysis & grazing relationships without the effect of
guidelines ) riparian livestock
] « importance of channels on pasture and exclusion
Gaps: Need for impact of grazing on sheet flow ) _
Grass filter detailed practical | . filtrati ity ch ith ) e included in NPLAS
strip guidelines for infiltration capacity changes without grazing

identification of
surface runoff
risk and
assessment of
paddock scale
suitability for

0

P saturation of soil in GFS over time

maintenance regimes - grazing/cut and carry
in practice

performance of "real"” filter strips vs
experimental

GFS. ¢ pathogen loads and removal (cf E. coli)
Available: « relative importance of plant uptake by ¢ included in NPLAS
Regional council riparian trees/shrub species, especially
guides + DEC natives
o (2006) general |, management regime required (weed control,

Riparian buffer|  guidelines + biomass harvesting)
Landcare ) e .
Research « flowpath identification to better target riparian
posters on native buffer development.
plant growth ¢ GHG implications and trade-offs

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems

33



—NLWA_—

Taihoro Nukurangi

43 Drainage system manipulation

431 Controlled drainage

Manipulation of the water table by controlling sutface drain discharge (e.g., Figure
12) can increase pollutant attenuation in the solumn. It can also be used to
attenuate flow peaks entering downstream attenuagietems, such as reactive filters
or constructed wetlands. Temporarily maintaininghler water tables below pastures
using these practices tends to reduce drainage watows by promoting deep and
lateral seepage through the soil, unless therénighdy impermeable layer underlying
the soil. Extensive data from North Carolina haleven that controlled drainage can
reduce drainage water flows by 30%, N losses by 45%P loss by 35% (Gilliam et
al. 1999). Decreasing the depth of drain placemehilst increasing the drain density
iS another option to increase soil water storagacity, but requires closer spacing of
drains to maintain drainage function, thus incregsidrain installation costs.
Modelling studies by Skaggs and Chescheir (2008)featd trials by Burchell et al.
(2005) in the USA suggest that shallow drains eaduce both water and nitrogen
losses. Such practices to increase soil water ggocapacity and promote slow
seepage through the soil, can both reduce contaimipases and enhance water
availability for subsequent pasture growth (Gillietral. 1999).

CONTROLLED DRAINAGE SYSTEM

AVAVAY,

Main collection pipe

Drainage ditch

Drain pipe Drain pipe Drain pipe

Drainage control box

Figure 12: Cross section of a controlled drainage system erqbrainage depth to be seasonally
adjusted via a control box with an adjustable feam Spillman 2002).

Elevated levels of nutrient losses have been recbird NZ for drained soils irrigated
with wastewaters (Houlbrooke et al. 2004; Monag&a®mith 2004; Singleton et al.
2001), and these are an obvious target for apitadf controlled or managed
drainage systems. Controlled drainage is probatiguited to mole-tile drained land
as the moles may collapse under saturated conslitiora study in Waikato, Singleton
et al. (2001) investigated managing water tableglen soils receiving effluent at the
plot scale. The managed drainage treatment in wihielwater table was nearest the
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soil surface resulted in less N being leached &atai(<2.5 kgN/haly) than the other
drainage treatments (6-12 kgN/haly), but more aogand total N was leached (33 -
131 kgN/haly). In general, the managed drainagenegtrialled had limited effect on
the amount and forms of N leached from the gleyitdaam tested, due to rapid
leaching through macropores. This suggests thatttial is unlikely to be useful in
soils with preferential flow pathways, but furtherestigation may be warranted to
evaluate potential benefits of controlled drainagether situations.

432 Vegetated drains

The subsoil sediments exposed during excavationnaaidtenance of surface drains,
and the sediments that accumulate within them, rgépehave considerable P

adsorption capacity. Nguyen and Sukias (2002) foewidence that sediments in a
range of NZ surface drains were acting as a semigaent sink for P from drainage
water. About half of the P within surface drain issehts at 26 sites was loosely-
bound (non-occluded Al/Fe-P or carbonate-bound £52%). A tracer test in a

Waikato farm drain using a solution containing amimm and phosphate showed
44% and 56% removal, respectively, over a distapicE50 m in a vegetated drain
during a 5.5 h period (Nguyen et al. 2002b). Specémoval processes were not
examined, but adsorption and absorption into sediraad nutrient uptake by plants
and microbial biomass were considered likely memas. Similarly, in studies of no-

till cropped lands in Mississippi annual reducti@is44% of P loads and 57% of N

loads were recorded during passage along drainégfeesl with variable vegetative

cover (Kroger et al. 2007; Kroger et al. 2008). genterm studies are needed to
determine whether such attenuation is just tempasatonger-term, and how it may

be enhanced under various flow conditions and draanagement regimes (e.g.,
mechanical or herbicidal drain clearance).

Many surface drains only flow seasonally or in e to rainfall events, so
experience a complex series of wetting and dryingsps. They are also commonly
subjected to periodic mechanical clearance andkmbitide treatments, which

together affect their capacity to take-up, transfar release nutrients (Barlow et al.
2006; Barlow et al. 2004; Barlow et al. 2003). Rert work under New Zealand

conditions is required to understand nutrient aid¢ion processes and quantify
removal rates in surface drains, and how these lmeamodified so that they operate
somewhat like long linear wetlands. Allowing esislfnent of vegetation in surface
drains and/or increasing their residence time &behtion of organic sediments using
a series of low weirs has the potential to incretissr capacity for pollutant

attenuation (Bowmer et al. 1994). However, mosstexg drainage networks have
been engineered solely with the aim of effectivdrigining excess soil water and their
capacity to accommodate the increased hydraulistagge of plants without causing
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flooding is likely to be limited. Widening of vegaed sections of drainage channels
near discharge points may be necessary to accomenatpired flows.

4.4 Sediment traps, dams and ponds

Hudson (2002) has investigated the potential beneficoarse sediment traps under
NZ conditions and reviewed general design infororatiCoarse sediment traps are
essentially excavations in the bed of a watercodesggned to settle and trap coarse
particles (mainly sands and gravels). Such tragsed on rule of thumb design (1.5
times channel width, 10 trap widths long, and eatian to 1.5 m below existing
channel base), are expected to remove 90% of &ind.sSediment removal from the
trap is likely to be required once or twice a yempending on sediment loads.
Concentration of the retained sediments withinttap can substantially reduce drain
management costs that would otherwise be incumeclearance along the whole
length of the drain.

Farm dams or retention ponds are a relatively lost-coption to capture runoff,
sediments and associated contaminants. Storedffuwao later be used during dry
periods as a source of irrigation and livestockldrig water, be allowed to infiltrate
or released slowly to attenuate flood flows. Littésearch on farm dams or retention
ponds as attenuation tools has been conducted jralibugh anecdotal observations
suggest sediment accumulation can be high. Dendy4(1found sediment trapping
efficiencies of 81-98% for 17 small flood-wateraneting reservoirs in southern and
western USA. Cooper and Knight (1990), studyingmalsreservoir on an ephemeral
Mississippi creek over a five year period, founema trapping of 77% of incoming
suspended sediments, and 72% trapping of TP and @2ftrate-N during storm
events. Net removal rates of 65-550 mgRiémwere recorded under base-flow
conditions for 11 constructed ponds in PennsylvdRairchild & Velinsky 2006).
Nitrate-N was strongly removed, while particulat€l&rgely algae) and ammonium N
(initially at low levels) increased moderately. Tip®wnds sometimes increased
downstream TP concentrations, mainly due to in@®asparticulate P (largely algae)
and dissolved organic P.

Sediment trapping efficiency will depend on theesdf the reservoir relative to its
inflows, its shape and outflow configuration, am@ tsize distribution and nature of
incoming particles. In general, for high removaficééncies (> 80%), systems
receiving suspended silt-sized particles shouldehamume/average annual inflow
ratios between 0.1 and 1, with event detentiongiaygproaching 1 day (Dendy 1974;
Griffin 1979). Studies of N removal from nitraterdmated agricultural streams in
ponds and lakes in Sweden (Fleischer et al. 13835sbn et al. 1994) found residence
times of 2-4 days were required for moderate N rexhowith removal efficiency
substantially higher in vegetated systems. Recesifynificant information has been
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accumulated on sediment and associated pollutappitig in ponds receiving urban
run-off (ARC 2003; Marselek et al. 2005; Schuel892), and, despite significant
differences in contaminant sources, many of thagples employed and advances
made also have relevance for treatment of agrialltun-off.

Collectively, large numbers of small ponds can havsignificant effect on the
hydrology and sediment yield from landscapes, #ffgcrates of water and material
transport, elevating evaporative water loss, atetial rates, pathways and locations
of biogeochemical processes (Smith et al. 2002)wals as creating potential barriers
to fish passage, small impoundments can also &gnily affect downstream habitat
by modifying and fragmenting stream flow regimesd amodifying downstream
physico-chemistry. In NZ studies of 6 on-line cousted ponds in the Auckland
region, elevated temperatures and low dissolved@xyoncentrations were found to
have significant negative impacts on stream magsstebrate communities hundreds
of metres downstream (Maxted et al. 2005). ConWerse many overseas studies
such ponds are often considered as important sowfceiodiversity in agricultural
landscapes (Cereghino et al. 2008; Davies et a08R0Potential impacts on
downstream aquatic life therefore need to be ssiyaronsidered when ponds or other
impoundments such as wetlands are planned.

45 Wetlands

Wetlands occur in a wide range of landscapes ang swgport permanent or
temporary standing water. They have soils, sutestrahd biota that have developed
under conditions of waterlogging and restrictecaien. Wetlands utilised for nutrient
attenuation may be natural or constructed. Natwetlands on farms are often
drained, either with tile drains or surface draensq converted to pasture. Constructed
wetlands attempt to replicate and optimise treatrpeocesses that occur naturally in
swamps, fens and marshes. Treatment efficiency nkareed by optimising
dispersion, flow paths, water depths, residencegjnand vegetation characteristics.
Construction and operating costs for simple coestdi wetlands are relatively low
providing suitable land is available, and enhanceneé biodiversity and landscape
aesthetics provides ancillary benefits (althougtepital effects on fish passage and
downstream physico-chemistry also need to be takeraccount, as noted above for
ponds, section 4.10). Facilitated wetlands arebaetuof constructed wetlands that use
natural landscape features, such as depressiomsjLtoe construction costs. There are
a wide range of possible different constructed avetitypes. Here we focus on those
most applicable to cost-effective treatment of i agricultural flows; i.e., surface-
flow wetlands, floating treatment wetlands, andvieated aquatic plant systems.

Wetlands are important nitrate and sediment attewools. Wetlands can provide
suitable conditions for deposition of sediment g@adiculate nutrients. The dominant
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nutrient processes in wetlands are denitrificatfdant uptake, deposition, adsorption
and mineralisation (Table 1). Of these processdy denitrification represents
permanent removal of nutrients from a wetland. Diger nutrient processes are
temporary stores, which can be re-released badkrmgh-flowing waters. Plant
uptake is a temporary nutrient store as unlesgggant material is removed from the
system (e.g., by biomass harvesting, stock graeitwg) a large proportion will
eventually be converted back into soluble, bioa@é forms (60% of the NEN
removed by watercress from the Whangamata streaamvsatecycled when the plants
die; Kit Rutherford, pers. comm.). Adsorption ofgsphorus to inorganic sediments
may be reversed under anaerobic conditions and fiasicles that sorb onto
vegetation and detritus may re-mobilise when thgyashd/or during subsequent high
flows. In practice, a small proportion (~5-10%)tleé N and P taken up and cycled by
plants is retained as long-lived humic compoundsaacumulated sediments, or
released in soluble humic forms with low bioavailigp

451 Natural seepage wetlands

Natural seepage wetlands occur at the heads ang #le sides of streams. They may
be also known as seeps, flushes, valley bottoniparian wetlands. They are mainly
fed by shallow subsurface flow that re-emerges spings or seeps and their
saturation status may range between temporary skyaad permanent saturation.
These small wetlands are rarely identified in reglowetland inventories, although
they may represent a large part of headwater caietsrand can strongly affect the
hydrology and water quality on a local scale (Matoal. 2006).

Short and longer term studies around the NortméskBuggest that nitrate removal by
seepage wetlands under baseflow conditions excéeds(Cooper 1990; Downes et

al. 1996; Rutherford & Nguyen 2004; Sukias & Cdlisubmitted; Sukias & Nagels

2006). Lower removal rates are expected duringtevenwhen channels occur in the
wetlands resulting in a significant fraction of wa@nd nutrient bypassing the soll
matrix (Burns & Nguyen 2002; Nguyen et al. 1999yuMen et al. (1999) reported

51% nitrate removal from a small seepage wetlan2?fOcatchment area) over a six
month period with numerous rainfall events. In andénth study of a natural seepage
wetland receiving surface and subsurface flows feowaikato dairy farm, Nguyen et

al. (2002a) recorded reductions of 70-95% of retfdi but found the wetland to

sometimes be a source of ammonia-N, dissolved argdiand particulate N.

Areal removal rates for tracer input and output eexpents in natural seepage
wetlands are in the order of 5-15 mg/Nlan(Rutherford & Nguyen 2004; Sukias &
Collins submitted). It would appear that there #&wealised “hot spots” within

wetlands where denitrification rates are very hi¢dg., where high nitrate
groundwater first encounters organic, anoxic soigile rates in other parts of a
wetland may be significantly lower (e.g., Coope8@p
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Total N, sediment and P removal by seepage wetlhade been less frequently
investigated. Nguyen et al. (1999) reported 54% (iNow up to 20 g/d), 26% TP

(inflow up to 2 g/d), 1% PP and 51% M@ (inflow up to 30 g/d) retention over a six
month period (which included storm events) by a Ilsreeepage wetland (0.2%
catchment area) at Whatawhata. Higher flows are @blentrain fine sediment and
when stock are grazing wetlands they may be souwtesispended sediment and
nutrients (McKergow et al. 2007a; Nguyen et al. 499

Natural seepage wetland efficacy estimates areepted for two basic variants — 1%
of catchment area and 5% of catchment area (Tabl@He perimeter of wetland
requiring fencing is estimated using perimeter:aegs for known wetlands (Collins
2004; McKergow et al. 2007b). Small, rectangulartlavels will have smaller
perimeters than long, narrow wetlands.
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Table5: Wetland tool performance and costing.
Intercepted Application sites | Situations where Target Variant Length of Area Sediment N reduction | P reduction E. coli reduction Attenuation Attenuation system Notes on assumptions
flow-path likely to be of contaminant fencing requirement reduction range range range system set-up maintenance costs ($/ha
significant m/ha of of range costs ($/ha of of catchment/yr)
benefit. catchment attenuation catchment)
system/ ha
m/ha m?ha g/mly or g/mly or g/mly or % $/m or $/ha of $/mly or $/haly of system
g/miyor% | gim2lyor% | g/im2lyor % system
Natural seepage wetlands
Areas where Natural boggy Where sediments, N, Natural seepage | 35m/ha 100 m*ha 60% (of 50-75%" No specific NZ fencing options: assume 1 weed spray per | *assumes most of N in form of nitrate and that denitrification is the key removal
shallow areas where groundwater P wetlands. overland or relevant sheep/beef 5 wire haly process. Assumes (1) incoming high nitrate water comes into contact with the soils;
groundwater groundwater seeps | emerges as seeps Low density -1% flow load overseas data (3 electric); dairy: 2 (2) residence time is sufficiently long (24-48 hours); (3) conditions are anoxic but not
emerges or through saturated and springs in of catchment entering but 10% PP wire electric anaerobic; and (4) there is ample carbon
collects. organic soils. Also | riparian zones and low wetland)** expected from 2. assumes wetland fenced and in good condition without channels of flowing water
receive some the toe-slope of perimeter/area surface runoff bypassing the soil matrix, no pugging or erosion
surface runoff from | hills. ratio (0.35) 3. perimeter/area ratio = total perimeter/total area. Calculated for seepage wetlands
surrounding at Whatawhata (Collins 2004) and Tutaeuaua (McKergow, unpublished data). Small
catchment, which Natural seepage | 375 m/ha 500 m?ha 60% (of 50-75%* No specific NZ fencing options: assume 1 weed spray per | square wetlands will have a low perimeter/area ratio (e.g., Collins 2004 wetland A 32
includes wetlands. overland or relevant sheep/beef 5 wire | haly m x 7 m, perimeter = 78 m, area = 224 m, perimeter/area = 0.35), while long narrow
particulate and High density - flow load overseas data (3 electric); dairy: 2 wetlands will have a higher perimeter/area ratio.
dissolved 5% of catchment entering but 10% PP wire electric 4. assume that drained wetland is fully productive land which can be reinstated
contaminants. high wetland)** expected from 5. add to costing reduced stock losses 0.01 sheep and 0.005 cattle/haly for undrained
perimeter/area surface runoff wetland
ratio (0.75) 6. assumes all of surface runoff from paddock follows drainage lines and enters
wetland
** estimated - no measured data for NZ
Constructed wetlands
surface and Where there are Where landscape sediments, N, Facilitated 32 m/ha* 1% (100 ~60% plus 30% (likely No specific NZ | No specific NZ or $5.50/m2 wetland = | $15/haly**** tAssumes majority of N in form of nitrate (~80%); percentage removal performance
shallow depressions, features such as P wetlands -Low m?/ha) of of annual annual or relevant relevant overseas data, | $550/ha of likely to be similar across range of N loads, but to be better in warmer areas of the
subsurface gullies and wet depressions and density - 1% of contributing load in range 10- overseas data, | but significant reduction | catchment™* country, and in situations with lower run-off yields and/or flow variability.
runoff areas that gullies that catchment catchment surface 40%)t* but 50-60% of sediment associated # Assumes that all surface runoff and %2 subsurface flow enters wetland (other %%
intercept surface intercept surface runoff reduction of E. coli particularly bypasses)
run-off and and subsurface particulate P buffering of peak *Assumes wetland sized to treat run-off from 5 ha subcatchment. Construction costs
springflows. run-off and in surface concentrations to dam and modify existing gullies or depressions estimated to be half that of
drainage can be runoff expected -likely 80% excavation into flat land. Assume fencing on all sides assuming 9:1 length:width ratio,
modified to form expected plus reduction in 90- fence erected 1.5 m from wetland water edge.
wetlands that retain percentile **E. coli performance estimates assume moderate to high incoming concentrations.
and treat flows. concentrations ** There is potential for very low influent concentrations to be increased during passage
Opportunity cost of Facilitated 50 m/ha * 2.5% (250 ~80% plus 60% (likely No specific NZ | No specific NZ or $6.50/m2 wetland = | $25/haly**** through a wetland.
land utilised wetlands - m?ha) of of annual annual or relevant relevant overseas data, | $1625/ha of *** Double handling of topsoil etc. expected to increase costs some-what for larger
expected to be low, Moderate contributing load in range 40- overseas data, | but significant reduction | catchment™* dimension wetlands, whilst fixed costs likely to be greater for smaller wetlands.
with ancillary density - 2.5% of catchment surface 80%)t* but 60-80% of sediment associated ****Based on estimated cost for established wetland of one weed spray and one
benefits in terms of catchment runoff reduction of E. coli , particularly further inspection per wetland per year. Associated landscape and amenity plantings
reduced stock particulate P buffering of peak also likely to require maintenance and management.
losses etc. in surface concentrations
runoff expected -likely 90%
expected plus reduction in 90-

percentile
concentrations **
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Intercepted Application sites | Situations where Target Variant Length of Area Sediment N reduction | P reduction E. coli reduction Attenuation Attenuation system Notes on assumptions
flow-path likely to be of contaminant fencing requirement reduction range range range system set-up maintenance costs ($/ha
significant m/ha of of range costs ($/ha of of catchment/yr)
benefit. catchment attenuation catchment)
system/ ha
m/ha m?ha g/mly or g/mly or g/mly or % $/m or $/ha of $/mly or $/haly of system
g/miyor% | gim2lyor% | g/im2ly or % system
surface drainage | Surface drains Where surface sediments, N, | Constructed 18 m/ha * 1% (100 ~60% plus 30% (likely No specific NZ | No specific NZ or $11/m? wetland = $10/hafy**** tAssumes majority of N in form of nitrate (~80%); percentage removal performance
carrying surface drains transport a P wetlands m?ha) of of annual annual or relevant relevant overseas data, | $1100/ha of likely to be similar across range of N loads, but to be better in warmer areas of the
and shallow- significant Intercepting contributing load range 10- overseas data, | but significant reduction | catchment™* country, and in situations with lower run-off yields and/or flow variability.
subsurface run-off | proportion of run- flows from catchment 40%)* but 50-60% of sediment associated *Assumes wetland sized to treat run-off from 5 ha subcatchment. Assume fencing on
containing off. surface drains reduction of E. coli particularly 1 long and 2 short sides assuming 9:1 length:width ratio, fence erected 1.5 m from
particulate and Low density - particulate P buffering of peak wetland water edge, and set along stream/open drain or existing fence.
dissolved 1% of catchment expected concentrations **E. coli performance estimates assume moderate to high incoming concentrations.
contaminants expected -likely 80% There is potential for very low influent concentrations to be increased during passage
plus reduction in 90- through a wetland.
percentile *** Costs estimated in consultation with John Scandrett (Drainage Engineer,
concentrations ** Southland) Double handling of topsoil etc. expected to increase costs some-what for
Constructed 28 m/ha * 2.5% (250 ~80% plus 60% (likely | No specific NZ | No specific NZ or $13/m? wetland = $15/haly**** larger dimension wetlands, whilst fixed costs likely to be greater for smaller wetlands.
wetlands m?/ha) of of annual annual or relevant relevant overseas data, | $3,250/ha of ****Based on estimated cost for established wetland of one weed spray and one
Intercepting contributing load range 40- overseas data, | but significant reduction | catchment*** further inspection per wetland per year.
flows from catchment 80%)t but 60-80% of sediment associated
surface drains reduction of E. coli, particularly
Moderate particulate P buffering of peak
density - 2.5% of expected concentrations
catchment expected -likely 90%
plus reduction in 90-
percentile
concentrations **
subsurfacettile Subsurface mole Where subsurface nitrate Fully constructed | 18 m/ha * 1% (100 30-50% 30% (likely NZ data Buffering of peak $11/m? wetland = $10/haly**** tAssumes majority of N in form of nitrate (~80%); percentage removal performance
drainage and tile drains tile/mole drains wetlands m?/ha) of assuming annual suggests concentrations -likely $1,100/ha of likely to be similar across range of N loads, but to be better in warmer areas of the
carrying transport a Intercepting contributing that the range 10- minimal P 80% plus reduction in catchment™* country, and in situations with lower run-off yields and/or flow variability.
subsurface run-off | significant flows from catchment majority of 40%)* removal 90-percentile *Assumes wetland sized to treat run-off from 5 ha tile-drained subcatchment. Assume
dominated by proportion of run- subsurface tile sediment without concentrations ** fencing on 1 long and 2 short sides assuming 9:1 length:width ratio, fence erected 1.5
dissolved off. drains mobilised in specific m from wetland water edge, and set along stream/open drain or existing fence.
contaminants e.g., Low density - mole/tile addition of P- **E. coli performance estimates assume moderate to high incoming concentrations.
nitrate 1% of catchment drains will sorbing There is potential for very low influent concentrations to be increased during passage
be fine clays materials through a wetland.
and silts *** Costs estimated in consultation with John Scandrett (Drainage Engineer,
Fully constructed | 28 m/ha * 2.5% (250 40-70% 60% (likely NZ data Buffering of peak $13/m? wetland = $15/haly**** Southland) Double handling of topsoil etc. expected to increase costs some-what for
wetlands m?/ha) of assuming annual suggests concentrations -likely $3,250/ha of larger dimension wetlands, whilst fixed costs likely to be greater for smaller wetlands.
Intercepting contributing that the range 40- minimal P 90% plus reduction in catchment™* ****Based on estimated cost for established wetland of one weed spray and one
flows from catchment majority of 80%)t removal 90-percentile further inspection per wetland per year.
subsurface tile sediment without concentrations **
drains mobilised in specific
Moderate mole/tile addition of P-
density - 2.5% of drains will sorbing
catchment be fine clays materials
and silts
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Intercepted Application sites | Situations where Target Variant Length of Area Sediment N reduction | P reduction E. coli reduction Attenuation Attenuation system Notes on assumptions
flow-path likely to be of contaminant fencing requirement reduction range range range system set-up maintenance costs ($/ha
significant m/ha of of range costs ($/ha of of catchment/yr)
benefit. catchment attenuation catchment)
system/ ha
m/ha m?ha g/mly or g/mly or g/mly or % $/m or $/ha of $/mly or $/haly of system
g/miyor% | gim2lyor% | g/im2ly or % system

Stream-flow from | Off-stream wetland | Where there is land | Sediments, N, | Farm or 6 m/ha* 1% (100 ~60% plus 30% (likely No specific NZ | No specific NZ or 1 ha of wetland $10/hafy**** tMajority of N in form of nitrate (~80%); percentage removal performance likely to be

agricultural receiving drainage | suitable for wetland | PP catchment-scale m?ha) of of annual annual or relevant relevant overseas data, | /100 ha of similar across range of N loads, but to be better in warmer areas of the country, and

catchment (100- | and streamflow construction atthe | Removal of constructed contributing load, unless | range 10- overseas data, | but significant reduction | catchment in situations with lower run-off yields and/or flow variability.

500 ha.). comprising surface | base of a dissolved wetlands catchment particularly 40%)* but 50-60% of sediment associated | $15-30/m2 wetland fttPerformance estimates for flow intercepted by wetland. Likely that a proportion of
and subsurface catchment or contaminants | intercepting fine and reduction of E. coli, particularly =$1,500-3,000/ha flood flows (50% in scenarios) and associated contaminants will be diverted from the
run-off from grazed | adjacent to such as nitrate | stream and drain dispersible particulate P buffering of peak of catchment*** wetland directly over the weir and hence will not receive any treatment in the wetland.
land. Weir sensitive receiving | likely to be flows clays. expected concentrations Flood flows likely to be more important for mobilisation of sediment, P and faecal
constructed across | waters (e.g., lakes | best where Low density - expected -likely 80% contaminant than for mobilisation of N, and to include materials eroded from stream
stream/drain to or estuaries). Not baseflow 1% of catchment plus reduction in 90- banks and beds.
divert normal flows | likely to be suitable | dominates. percentile *Wetland sized to treat run-off from 100-500 ha subcatchment.
through wetland where large bed Removal of concentrations ** **E. coli performance estimates assume moderate to high incoming concentrations.
and then returned loads of sediment particulate Farm or 9.5m/ha* 2.5% (250 ~80% plus 60% (likely No specific NZ | No specific NZ or 2.5 ha of wetland $15/hafy**** There is potential for very low influent concentrations to be increased during passage
back to stream or | are transported contaminants | catchment-scale m?/ha) of of annual annual or relevant relevant overseas data, | /100 ha of through a wetland.
to adjacent downstream. likely to be constructed contributing load, unless | range 40- overseas data, | but significant reduction | catchment *** Costs based on lake Okaro wetland (2.3 ha) built for EBOP (Tanner et al. 2007).
receiving water. A | Potential issues relatively wetlands catchment particularly 80%)* but 60-80% of sediment associated | $15-30/m2 wetland Costs will vary significantly depending on extent of excavation and underlying soil
proportion of flood- | with fish passage - | efficient. intercepting fine and reduction of E. coli, particularly =$3,000- materials -Estimates provided here assume clay subsoils at site of wetland without
flows are likely to may require fish stream and drain dispersible particulate P buffering of peak $7,500/ha of need for synthetic liner. Estimated costs include specialist engineering design and
be bypassed over passes. flows clays. expected concentrations catchment supervision, construction of timber weir structure on stream and pipeline to adjacent
the weir and Moderate expected -likely 90% b wetland, but no specific allowance for fish passage.
receive no density - 2.5% of plus redugction in 90- ****Based on estimated cost for established wetland of one weed spray and one
additional catchment percentile further inspection per wetland per year. Associated landscape and amenity plantings
treatment. concentrations ** also likely to require maintenance and management.
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452 Constructed and facilitated wetlands

Shallow surface-flow wetlands or marshes are likelipe the most practical option for
cost-effective treatment of agricultural run-off.a%®r is treated as it flows through
shallow ponds or channels vegetated with emerdantgsuch as bulrushes, reeds or
sedges. Facilitated and constructed wetlands attémpreplicate and optimise
treatment processes that occur naturally in swargs and marshes. Treatment
efficiency is enhanced by optimising dispersionwflpaths, water depths, residence
times, and vegetation characteristics. Construcint operating costs are relatively
low providing suitable land is available, and erdenent of biodiversity and
landscape aesthetics provides ancillary benefits.

Key features of facilitated or constructed wetlamkist contribute to their nutrient
removal functions include: (1) low flow velocitieand tortuous pathways through
aquatic vegetation, which favours sedimentation acwimulation of particulates that
become incorporated into the wetland soils; (2)asait of aerobic (oxygenated) and
anaerobic (deoxygenated) micro-environments, whigiromotes bacterial
transformations of nutrients (particularly nitrogemd sulphur) and other contaminants
such as metals and pesticides; and (3) close ddmageen water, sediments, plants,
detritus, and biofilms (bacterial slimes), whichhances uptake of nutrients, and
promotes physical, chemical and biological inteoat. Unless harvested and
removed a significant proportion of the nutrierd&en up by plants will be released
again when they die and decompose.

There is now a substantial database on wetlantiriezd performance, particularly of
wastewaters (IWA 2000; Kadlec 2005; Kadlec & Knidtl996; Tanner & Sukias
2003; Wallace & Knight 2006). Wetland performanees lheen measured under New
Zealand conditions for 3 constructed systems trgatitrate-rich tile drainage from
intensive dairy pastures in: Northland (3 yearsgik&lto (5 years) and Southland (3
years), and for an array of small experimental avets in Waikato (Sukias et al. 2005;
Sukias et al. 2006a; Sukias et al. 2006b; Tannaxl.e2003; Tanner et al. 2005a;
Tanner et al. 2005b; Tanner et al. 2005c). Thas#iest show that newly constructed
wetlands take a number of years to reach matuitg, that treatment levels vary with
year-to-year differences in seasonal drainage npatteln particular, N removal
performance is better in warm than in cold seasom$ when residence times are
extended; i.e., when influent flows are spreadrelattively evenly through time rather
than arriving as a few large events. Nutrient bislgewer 5 years for the longest-
running wetland in the Waikato comprising ~1% o2.8 ha drainage area (without
supplementary irrigation) showed TN removals vagyirom 40-406 g/rily (16-65%

of influent loads; catchment yield 21-66 kg/ha/Yypical TN removals of 100-120
g/nfly (30-45% removal) were measured for the matustesys receiving loads of
250-350 g/rfly. Removal of P was generally slightly negativealhthe NZ wetland
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systems studied, although this is likely to be ablbe improved upon if wetland soils
are supplemented with retentive materials (Sukiasale 2006b). P retention is

expected to be higher in situations where a sicanifi proportion of the loading is in
particulate rather than dissolved forms, but thasyrstill be subject to desorption and
re-release under anaerobic conditions. Identificatf low-cost redox-insensitive P-
sorbing supplements appropriate in different aredsthe country, and the

transformations and behaviour of P in responseasanal wetting and drying of soils
with and without these supplements is a subjeciuidher investigation.

In the present review, constructed wetland efficecypresented for a number of
applications with varying flowpaths and percentafeontributing catchment based
largely on information from NZ systems treating sutface-drainage. Constructed
wetlands can be used to intercept a range of fldvgpancluding surface drains (see
Figure 13), subsurface drains, overland flow, anebsn flow, and can be constructed
at a range of scales (Table 2). Runoff from eacthe$e sources (and from different
landscapes) has different characteristics (e.gdrdhggical response and fraction of
particulate nutrients), and there is still no géachl information on the performance
of constructed wetlands treating surface drainageu-off from various landscapes
and farm types. Recently, Environment BOP fundes design, construction and
planting of a 2.4 ha wetland treating stream-fl@msering Lake Okaro, near Rotorua
(Tanner et al. 2007). Monitoring of this wetlandceiving stream-flows and seepage,
from a grazed Rotorua catchment will provide valeadata on the performance of
larger-scale systems.

To achieve 50-60% nitrate and TN removal, consédiatetlands generally need to
cover 2-3% of the catchment from which they recedrainage water. Smaller
wetlands (1% of catchment area) will generally reaho-30% of nitrogen, while
larger wetlands (5% of catchment area) can achi@% nitrogen removal or greater.
In practice, treatment performance will vary witleay-to-year differences in the
timing and magnitude of run-off events, which affegdraulic retention times, inter-
event duration and the seasonal timing of loadimgsrelation to microbial
denitrification activity, and plant growth and ssocence (Tanner et al. 2005a; Tanner
et al. 2005b; Tanner et al. 2005c). Current NIVW&eaarch aims to develop models
that can predict N removal performance under variaydrological loading regimes.
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Fencing to
exclude fivestock

Fenceline Created wetland Fencefina

Berm ar leves
Tille drain

Example of how tile drain flows can be interceptadd treated in constructed
wetlands set alongside streams (DEC 2006).

Floodplain wetlands

Natural processes of channel erosion and migrasind,sedimentation in stream and
river floodplains often form a complex shifting nads of old channels, oxbows,
islands, levees, deltas, lagoons, ponds and waetldrckse areas become connected to
the main channel during floods, acting to attentfiated flows and promote settling of
sediments and associated contaminant loadings.n@puron-flooded periods these
riparian areas may remain connected to and intevilctsubsurface hyporheic flows,
which percolate through sand, gravel and other pahte soils under and beside the
stream channel. As well as promoting flow and comtant attenuation, these
spatially and temporally diverse areas are alsoedibly important habitats for
wildlife and biodiversity.
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Retention of floodwater nutrients in a restoreadplain in Denmark was estimated to
reduce river N export by 25% and P export by 30%o(iKang et al. 1999). Walling

and Owens (2003) estimated conveyance losses asxbovith the deposition of

sediment-associated contaminants on the floodplaandering two English rivers of

27 and 32% of suspended sediment and 14 and 9%Pofrd@spectively. Olde

Venterinket al. (2003) studying two distributaries of thev&iRhine found 20-45% P

retention in the river where floodplains transpdréesubstantial fraction of the flow,

compared to negligible removal in the adjacentrrivith minimal floodplain.

Although most lowland floodplains in NZ used forriaglture are now highly
modified and managed, so that they are largelyodisected from the streams and
rivers that feed them, there is still considerapt#ential to restore and enhance
contaminant attenuation functions. Remnant floddplananaged primarily for flood
protection (e.g., lower Waikato River) undoubtestiyl provide water quality benefits,
but these could be improved by broadening theiragament objectives and utilising
areas inside and alongside flood-banks as ripasettands (Petersen et al. 1992;
Sheibley et al. 2006; Zedler 2003).

454 Floating wetlands

Floating wetlands are a novel ecological water tinemt technology, in which
emergent wetland plants grow hydroponically on titgg mats or rafts (Headley &
Tanner 2006). The roots of the plants form denssvidrs below the floating mats,
taking their nutrients from the surrounding waféhe root matrix provides a large
surface-area for the development of microbial biadi which promote sediment
trapping, microbial transformations and ion adsorptBy shading the water column
and reducing wind-driven circulation, the floatingits may also reduce algal growth
and create anoxic zones that are conducive to madrdenitrification. The ability of
floating treatment wetlands to cope with fluctugtinvater levels makes them
particularly amenable to contaminant reduction angs, dams and irrigation storage
reservoirs.

There is little quantitative data available on thgrient removal performance of
floating treatment wetlands. Mesocosm studies iw [¥ealand recorded removal of
58-67% of fine SS, 72-96% of NHN and 20-51% of DRP from artificial urban
stormwater over ~7 days for mature planted floatsypared to negligible removal in
equivalent unplanted floats (Headley & Tanner 2QOFarther trials are underway in
association with Environment BOP to test their iemir removal potential in simulated
eutrophic lake waters (Headley & Tanner 2007b).
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455 Plant and algae harvesting

Dissolved nutrients can be removed from water bigkginto aquatic plant tissues
and subsequent harvesting and removal. By removtirey plant biomass via
harvesting, the associated nutrients that woul@retise be returned to the water and
sediments when the plants degrade can be permamentbved. Aquatic plants can
be highly efficient at scavenging nutrients dowrrémarkably low concentrations in
the associated water. In particular, they absosb rihtrients necessary for plant
growth; i.e., nitrogen, phosphorus, potassium, lruipmagnesium and calcium and a
range of micronutrients. Aquatic macrophyte tissuleswever, have high water
contents (90% or more), so large amounts of wehhss must be removed in order to
remove significant amounts of nutrients.

Nutrient uptake rates of 35-585 gN/gand 9.2-113 gP/fty have been reported
(Reddy & DeBusk 1987) for productive floating adogants like water hyacinth and
alligator weed in tropical climates, but most oédk plants have restricted growth
seasons in NZ and some are classified as invasteglsv Floating duckweedsemna
and Spirodella sp.) are a possible exception being widely pteassund NZ. They
also have high protein contents making them a piafefivestock feed-source,
however their nutrient uptake rates are at the l@me of the range for floating plants
(35-120 gN/miy and 12-40 gP/fly ) (Reddy & DeBusk 1987). Most studies
investigating duckweed nutrient removal have besmied out in relatively nutrient-
rich wastewaters, but data summarised by Kornat. €2003) suggests uptake rates of
~0.4 gN/ni/d and 0.03 gP/Aid are likely to be realistic at nutrient concetitias
relevant to agricultural drainage waters in NZ hwibughly similar additional removal
occurring collectively through other processes sagdenitrification and algal uptake.

Productive emergent aquatic plants such as rawpadhes and sedges have reported
nutrient uptake rates of 13-263 gN/yn and 2-40 gP/Ay (Reddy & DeBusk 1987).
However, nutrients are mostly taken up from thamsedts rather than from the water
column, and a third to a half of the nutrient comtes generally stored in below-
ground tissues and thus not readily amenable teebting. Most studies of emergent
wetland systems have found that potential nutriemtoval by harvesting of emergent
plants is small relative to removal via other realowechanisms (particularly
denitrification), and that harvesting is therefaret a cost-effective option (e.g.,
Tanner 2001a; Tanner 2001b), unless the biomasspgesfic economic value. See
section on constructed wetlands above.

Watercress is likely to be a preferred speciesuf® in a nutrient stripping situation
because of its ability to take up nutrients dinedtlom water, its relatively high

nitrogen content (3-7 times higher than most aquatnts) and uptake rates (Vincent
& Downes 1980), and its ability to reduce in-streaitnogen concentrations to very
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low concentrations (Howard-Williams et al. 1982;xC2004). Vincent and Downes
(1980) experimentally determined a nitrate uptaite of up to 0.261 g N/Afd in beds

of watercress Nasturtium officinale) in the Whangamata stream at Lake Taupo in
mid-summer, but this reduced to negligible levalsnid-winter. Howard Williams et
al. (1982) examined field uptake rates in the satmeam and concluded that 1 g
N/m?/d was accumulated by watercress during the gros@agon. Cox (2004), using
microcosm studies of watercress, found supportivigeace with higher daytime
nitrate uptake (expressed here relative to plaptwaright, 1.5 mg N/g dry weight/d)
than during the night (1.35 mg N/g dry weight/djthaugh night rates were still
significant. Cox suggested this may be associatdddifferences in study techniques
(net community uptake compared with individual raetubations). The range of
nitrogen removal rates in the literature variesabfiactor of ten and does not explore
the potential of managed harvested watercress theoigtimise nutrient removal. An
experiment is currently underway at Wharenui Stati®otorua to measure watercress
nutrient uptake from stream water (McKergow et2§l07c). Other palatable water-
tolerant grasses such @byceria sp. may also have potential for nutrient removal v
aquatic harvest, providing feed-quality and isssigsh as cyanide toxicity (Sharman
1967) can be managed.

Long term data for upstream and downstream site§Vbangamata Stream (Figure
14) clearly demonstrates that during periods ofeloflows (e.g., 1986-1988) summer
nitrate concentration decreased between the badtwintop sites. Under higher flow
conditions or when the channel was moderately shadiérate concentration

reductions between the sites were lower.
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Figure 14: Whangamata Stream nitrate concentrations at theatwp bottom sites with flow

conditions, channel shade and summer nitrate reimimrathe four intensively
sampled periods (Howard-Williams & Pickmere 1998 anpublished data).

Algal turf scrubbers are a method of using filamestalgae (periphyton) to take up
nutrients from water using shallow sloped flow-w#¢saggs 2002). The algal turf is
periodically harvested to remove the accumulatesnbss and nutrients. Symbiotic
aerobic bacteria and fungi associated with the ealgéso break down organic
contaminants. Relatively high mean nutrient remoadés of 0.95 g N m2/d (~ half
accumulated in periphyton biomass) and 0.44 g ® (p#rtially by precipitation due
to elevated pH) have been reported for wastewé@rexygs 2002; Craggs et al. 19964a;
Craggs et al. 1996b). Lower mean levels of 0.12 2Rl have been recorded for
agricultural run-off with low nutrient content (Aget al. 1993).

456 Gapsin knowledge or communication

Field scale research is required for all types eflands (Table 6). The research focus
to date has typically been on nitrate removal axgeemental in nature, rather than
quantifying performance over the longer term andnexing TN exports. More
information is required about sediment and P psiogsand attenuation in wetlands
as currently little information exists for New Zaatl wetlands.

Much of the research effort on natural seepageawet has been on short term nitrate
removal and denitrification rather than total N oyal performance over the longer
term. Research is needed to measure the net N arddets from a range of seepage
wetlands under baseflow and event conditions.
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Field scale operational performance is requiredstreral facilitated or constructed
wetland variants (Table 6), particularly facilitdtevetlands and bottom of catchment
wetlands. Environment BOP has commenced monitasimghe recently established
large-scale Lake Okaro wetland treatment systedh Ifa. wetland treating the main
stream inflows to the lake), which will provide semaluable information on the

efficacy of large bottom of catchment wetlands me dandscape context. Wetlands
can be sources of greenhouse gases such as methadn@trous oxide. Realistic

emission rates for various systems need to beetefind their implications evaluated.

The SFF-funded trials in Rotorua investigating mumtr uptake by harvested
watercress will provide a better basis for evabratf the potential utility of aquatic
plant uptake. If the trial results are positivaitier work will be warranted to develop
a practical system that could be used by farmadduding propagation, growth and
harvesting methods, palatability and feed-valud, ather market opportunities.
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Table6: Communication and science gaps for wetlands.
Attenuation Communication Science gaps Availability in NZ
tool status and gaps farm-scale
modelling tools
(OVERSEER® and
NPLAS)
importance of denitrification vs other N * included in
transformations and total N removal OVERSEER®
role of plant uptake and influence of fencing on this |  (Under
Existing: scant . i < d ¢ development)
mention in DEC impact of livestock damage on performance e.g., included in NPLAS
(2006) channels with bypassing flow
natural Gaps: Need for importance at the landscape scale i.e., extent
seepage detailed practical SS and particulate nutrient trapping from incoming
wetlands guidelines for overland flow
seepage wetland performance of re-instated wetlands
identification and ducti f drained wetlands of adi ¢
management. productiveness of drained wetlands cf adjacen
pasture
E. coli and faecal microbe removal
P retention/release.
field-scale operational performance of wetlands * included in
receiving flows from surface drains needs to be OVERSEER®
tested (under
field-scale operational performance and cost: development)
effectiveness for larger wetlands (2.5% catchment |¢ included in NPLAS
area) receiving subsurface and surface-flows
field-scale operational performance and costs of
facilitated wetlands
field-scale operational performance of bottom of
farm/catchment scale wetlands intercepting drains
and streamflow; Lake Okaro wetland being
o . monitored, but monitoring in range of contrasting
EX'St'n%- B?js'c situations advisable.
facilitated concept an
and preliminary sizing For all constructed wetlands
constructed |guidelines given in effect of variable flow rates on treatment
wetlands — |DEC (2006) performance
all tlypes and |Gaps: Need for enhancement of N and P removal through use of
scales

detailed practical
guidelines.

subsoil as a rooting medium and addition of
reactive materials

enhancement of denitrification by strategic seasonal
harvesting of plant material and retention within the
wetland

faecal microbe removal under varying loading
regimes (being partially addressed for one system
in CO1X0304).

enhancement of faecal microbe removal through
incorporation of open-water zones

association between E. coli and pathogen risk after
passage through wetlands

greenhouse gas implications and trade-offs

Aquatic plant
harvesting

No guidelines
available

development, pilot and field-scale testing, and
nutrient removal assessment of practical culture
and harvesting systems, and watercress feed
quality.
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4.6 Reactive filters and materials

Nutrient attenuation can be enhanced by the additb reactive materials to
flowpaths. Reactive materials and filters are gelherdesigned to target one
attenuation process, typically denitrification orggion (Table 7).

The addition of organic carbon has been used tar@ehdenitrification of nitrate in

drainflow, shallow subsurface flow, and constructedtlands. These filters or

sediment additions to wetlands are most applicetblere high nitrate concentrations
occur, and, in wetlands, where availability of @its denitrification rates.

Phosphorus sorbing materials such as melter dlagsh and alum have been trialled
in subsurface drains, streams, wetlands and surfausf source areas to attenuate
dissolved P. The use of sorbing materials to cadduin flow is a function of cost and
effectiveness. Although a number of natural prosluet industrial by-products have
been shown to remove P from pipe or stream floles aimounts required to achieve a
long-lasting effect tend to be large due to thatretly low P sorption capacity of
these materials. Consequently, their field usedeade limited to areas where a local
source is readily available and excessive trangqmsts do not preclude the use of the
material. Conversely, despite having relativelyhhig-sorption capacities, artificial
products such as alum tend to be relatively expensind often short-lived.
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Table7: Reactive materials and filters performance and costing.
Intercepted flow- | Application sites | Situations where Target Variant Length of Areallength | Sediment N reduction | Preduction | E. colireduction range | Attenuation Attenuation system Notes on assumptions
path likely to be of contaminant fencing requirement | reduction range range system set-up maintenance costs
significant benefit. m/ha of of range costs ($/ha of ($/ha of catchmently )
catchment attenuation catchment)
system/ ha
m/ha m?ha g/mly or gimly or g/mly or % $/m or $/ha of $/mly or $/haly of system
g/m?ly or % g/m?ly or % g/m?ly or % system
Permeable reactive filters
Shallow Intercepting Where subsurface nitrate Denitrification n/a 2 x channel n/a 1 g/m? of n/a n/a each m® costs nil 1. Assumes 80% of total N is nitrate, plume > 3 mg/L nitrate-N.
subsurface flow subsurface flow flow is confined by wall: trenches density* wall/d $50 2. Assumes treatment of 1 g/m* of wall/d = 365 g/m* wallly
entering channel flowing within 3m | low permeability back-filled with 3. Estimated cost $50 per m3, including trenching, spoil removal, labour, cartage, and material
of the ground layers beneath (e.g., sawdust/soil for sawdust, includes regrassing. Assumes road transport <50 km for off-site supply of
surface. Best clay or bedrock) mix sawdust.

positioned 4. Estimated 10 year lifetime before replacement of sawdust required.

perpendicular to * Assumes subsurface flow is < 3 m below ground and trench captures all subsurface flow on

flow (e.g., parallel both channel/drain sides, therefore trench is 2 x channel density in length.

to stream

channel).

Dominated by

dissolved

contaminants

e.g., nitrate

subsurfacettile Subsurface mole | Where subsurface nitrate Woodchip 25 m/ha* 30 m? of Sediment 40-50%t Long-term Not known $2000-2,500/ha Estimate 10 year lifetime, | tAssumes majority of N in form of nitrate (~80%); percentage removal performance likely to
drainage and tile drains tile/mole drains filters woodchip load likely to performance of catchment before complete be similar across range of N loads, but to be better in warmer areas of the country, and in
carrying transport a small filter/ha of be minor. unknown; (depending on replacement required situations with lower run-off yields and/or flow variability. Size and performance based on field

subsurface run-off | significant tile-drained Likely to ~30% TP whether woodchip studies at Te Hoe, Waikato (Sukias et al. 2006)

dominated by proportion of run-off. catchment become removal from from on-farm *Assumes wood-chip filters sized to treat run-off from 1 ha tile-drained subcatchments.

dissolved blocked if tile drainage chipping of Assume fencing on 1 long and 2 short sides assuming flow-path length of 5m, fence erected

contaminants tile-drains recorded in woodlot or shelter 1.5 m from filter edge, and set along stream/open drain or existing fence.

e.g., nitrate transport first 2 years belt trees, or from *** Costing based on 1 m deep excavation below 0.9 m deep tile drain (total 1.9 m), filter lined
significant operation, local supplier) and covered with LDPE and recovered with soil. Assumes road transport of 50 km for off-site
sediment presumably supply of gravel and wood chips.
load. due to **¥%% Cost estimates for wood chip supplies from Karl Schwitzer (pers comm); KS

filtration, Developments Ltd, Cambridge.
sorption &
immobilisatio
n
Woodchip 30 m/ha* 50 m? of Sediment 70-80%t Long-term Not known $4000-4,800/ha Estimate 10 year lifetime, | tAssumes majority of N in form of nitrate (~80%); percentage removal performance likely to
filters woodchip load likely to performance of catchment before complete be similar across range of N loads, but to be better in warmer areas of the country, and in
large filter/ha of be minor. unknown (depending on replacement required situations with lower run-off yields and/or flow variability. Size and performance based on field
tile-drained Likely to whether woodchip studies at Te Hoe, Waikato (Sukias et al. 2006)
catchment become from on-farm *Assumes wood-chip filters sized to treat run-off from 1 ha tile-drained subcatchments.
blocked if chipping of Assume fencing on 1 long and 2 short sides assuming flow-path length of 6.5m, fence erected
tile-drains woodlot or shelter 1.5 m from filter edge, and set along stream/open drain or existing fence.
transport belt trees, or from *** Costing based on 1 m deep excavation below 0.9 m deep tile drain (total 1.9 m), filter lined
significant local supplier). and covered with LDPE and recovered with soil. Assumes road transport of 50 km for off-site
sediment supply of gravel and wood chips.
load. ***%% Cost estimates for woodchip supplies from Karl Schwitzer (pers comm); KS

Developments Ltd, Cambridge.

Reactive materials
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Intercepted flow- | Application sites | Situations where Target Variant Length of Areallength | Sediment N reduction | Preduction | E. colireductionrange | Attenuation Attenuation system Notes on assumptions
path likely to be of contaminant fencing requirement | reduction range range system set-up maintenance costs
significant benefit. m/ha of of range costs ($/ha of ($/ha of catchmently )
catchment attenuation catchment)
system/ ha
m/ha m?ha g/mly or gimly or g/mly or % $/m or $/ha of $/mly or $/haly of system
g/m?ly or % g/m?ly or % g/m?ly or % system
subsurfaceltile Subsurface mole | Where subsurface P, sediment Reactive n/a n/a 41% 0 56% Not known $550/ha for 0 *cost-effectiveness directly proportional to cartage distance.
drainage and tile drains tile/mole drains materials for cartage, handling **life expectancy of 25 yrs (cost incorporated into cost-effectiveness metric)
carrying transport a tile-drain & placement; ***estimated cost-effectiveness $14 to $27 per kg P removed
subsurface run-off | significant backfill: assumes new
dominated by proportion of run-off. melter:basic trench and pipe
dissolved and fine slag (90:10 required anyway
particulate mix)
contaminants
e.g., DRP and PP
Reactive n/a 100 m trench | Year 158% nil Year 183% 90 138 | 0 *ash applied at 0.12m? per m of tiles, to a depth of approx 16 cm in bottom of trench
materials for Year 2 40% Year 2 55% **although highly effective for reducing P and sediment, alkaline drainage means that this
tile-drain Year 3 27% Year 3 50% mitigation option is inappropriate
backfill: Mean 42% Mean 63% *** 25 year lifetime assumed
fly ash
Reactive n/a 100 m trench | Year131% nil Year 162% 60 40 | 0 Standard gravel backfill used for tile drains
materials for Year 2 -22% Year 2 7%
tile-drain Year 3 -23% Year 3-19%
backfill: Mean = nil Mean = nil
standard pea effect effect
gravel (control) assumed
(certainly not
significant in
years 2 and
3)
Drain and stream | in-stream small streams with P Porous n/a n/a 0 0 10% of TP Not known $7/sock, but each | $2/sock to remove *expensive technology (esp. labour component); estimated cost:effectiveness; $256 per kg P
flows flows <15 L/s geotextile 44% of DRP sock only removed
socks removes 37g of **limited to small streams
filled with iron- P, so may need ***working lifetime <1 year
rich melter slag up to 10 socks/ha
material
laneway runoff; adjacent to where flow from P Altered steel n/a as and 98% - 0| 93% Not known $6-9 per m of 0 *Estimated cost: effectiveness; $9 to $13 per kg P removed - directly proportional to cartage
flow channels lanes/tracks; flow | lanes discharges melter slag where Significant lane treated distance for matrix source (matrices other than melter slag could also potentially be used).
cartridges directly into streams filter required - potential for **life expectancy of 45 yrs assuming no clogging of material; geotextile cloth placed to
hollows, clogging by minimise sediment clogging (this cost has been incorporated into cost-effectiveness metric
depressions high along with other costs; P sorption capacity of 80% of Pmax assumed)
that drain to sediment
stream loads
overland flow critical source sprayed on fields dissolved P Alum soil n/a n/a 0 0 20% Not known 0] 60 *appropriate to cropped or recently grazed land mainly; works OK under the young pastoral

areas of overland
flow

where overland flow
is an important
source of P

amendments in
critical source
areas

soils at Inchbonnie, otherwise a fairly expensive option and limited effectiveness on pastures
and weathered soils

**working lifetime <2 months (1 application/y in scenarios)

***Estimated cost: effectiveness $40 to $300 per kg of P removed, depending on soil type
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46.1 Denitrification walls

Aimed solely at nitrate removal, the trench is enpEable barrier of sawdust and soil
mix, built perpendicular to groundwater flow (Sgbgp & Vojvodic-Vukovic 1998).
They are best constructed where the full extentflovd direction of nitrate polluted
groundwater can be determined and then intercepitad elative ease, for example, a
consistent direction within several metres of theugd surface. They are best targeted
to specific areas where plumes of nitrate are knowrexist, for example, cattle
feedlots, and old fertiliser dumps. More broadhgde systems may be suited to areas
where there are shallow confining layers on whiud groundwater perches and flow
paths are well understood. Denitrification wall® awot suitable for coarse-textured
subsoils (Schipper et al. 2004) but have been wbdeio work well on loam soils.
During construction it is imperative that the megianot returned to the trench such
that it is less permeable than the surroundingasoithis will encourage bypass flow.
The sawdust and soil media and physical construc@ the conditions for microbes
capable of carrying out denitrification to flourisiihe average expected nitrate
removal performance is 1g N® per cubic meter of wall per day (Schipper et al.
2005). Higher rates of nitrate (up to 15 gNkinhave been reported in Western
Australia (Fahrner 2002) where soil temperatured aitrate concentrations were
higher. Hence the wall can be sized to accommati&télow rate and concentration
encountered.

Similar approaches are currently being explored revhéenitrification wall are
constructed on either side of a tile drain in lofdaynes et al. in press). Jaynes et al.
demonstrated that these denitrification walls ozsed nitrate from 22 to about 9
mgN/L for more than 5 years with and average mitr@moval rate of 0.6gN/tdl.
These walls were narrower (about 0.6 m) and ndd§p6 wood chip material. While
this system has not been tested in New Zealaiglpissible they would be easier and
cheaper to install than the walls built by Schippeis likely that these walls could be
installed at the same time as tile drains but woeldharder to retrofit when location of
tiles are unknown.

46.2 Woodchip filters

A woodchip filter is a shallow lined excavation eadng runoff from subsurface
drains. Woodchips are added to the excavation tenpte conditions suitable for
denitrification, and so are most suitable for dsaihere the majority (80%) of N is in
the nitrate form. Woodchips are used, rather thamdsst, to provide a porous bed
through which drainage waters can percolate. Suktasl. (2005; 2006b) has
evaluated the efficacy of three medium (1.2% otleatent area) and one small (0.6%
of catchment area) pilot-scale woodchip filter iews subsurface drainflow on a
dairy farm in the Waikato. Annual mass load reduddiof 55-79% for nitrate-N were
recorded over 2 years operation representing agexagual removals in the range of
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~90-300 mgN/rid. Increases in levels of ammonium-N and, in thst fyear of
operation, Org-N resulted in lower annual remowviatiotal N (16-49%). FRP and TP
removal was variable, with apparently reasonabl@moral of particulate forms
entering during large storms, but later releaseligsolved forms. There would be
value in testing a range of P-sorbing media thatlccde incorporated within the
woodchip, or used as a final P filter.

Similar woodchip systems are being trialled (LoB&hipper, pers. comm.) to treat a
range of wastewaters including municipal and ingais(spent hydroponic solutions)

and small streams. Removal efficiency of nitrogemaval from wastes for these
denitrification beds currently range between 5 8adgN/ni/d depending on nitrate

concentrations and loadings (Louis Schipper, unphétl data). Lower rates are
observed in streams most likely due to low nitiaecentrations and high flows.

46.3 P socks

The P sock is a potential attenuation tool in wikcis entrapped by a sorbing material
in a casing that prevents it from washing awayrdys flood, but enables the material
and P to be periodically removed. McDowell et 28DQ7) evaluated the effectiveness
of a stable, non-toxic (neutral pH) steel meltegshs the sorbing material for
removing P in streamflow. One hundred and ninetksd m long by 9 cm diameter
were made using a woven geotextile (polyesterhclath a 2 mm mesh. This was
filled with a combination of melter slag (85%), @léc arc furnace slag (10%) and
basic slag (5%), sourced from a steel mill in Soéickland. The slag had a
minimum mean particle size of 2 mm and maximum mgarticle size of 5 mm.
Socks were installed in a 200 m reach of streanmbedherringbone fashion, which
allowed both fish passage and mixing with streantewaverall, concentrations of
DRP and TP decreased on average 35 and 21%, rigspeetfter the P-socks were
installed, while loads decreased 44 and 10%, réspbc While this was an effective
P removal tool at low flows, relatively little P waetained at flow rates >20 litres per
second. In addition, the technology is expensivdeaitveen $200-300 per kg of P
removed due to the high labour cost incurred dutheg placement and removal of
socks. Hence, this approach to P retention iséanib small, slow flowing waterways
and may be more useful in stopping P loss fromcasusuch as runoff from lane ways
where dung is regularly deposited. The material basn used successfully in
wastewater filter beds and has been tested asilbdokftile drains, which showed
good effectiveness in removing P from drainage (Bl et al. 2005; Pratt et al.
2007; Shilton et al. 2006).

46.4 Tiledrain additions

A number of materials capable of capturing P amlihsent in tile drainage flows have
been trialled locally. This has involved placingtaeréals such as ash, river gravel and
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volcanic lapilli around the drainage pipe. The efifeeness of placing lapilli directly
into the mole channel has also been researched.

In the first year of field trials at Massey Univigyshe placement of volcanic lapilli in
the mole channel or around the pipe drain remove® of total P loads in tile
drainage. However, in the second year of fieldgribe lapilli mole fill and back fill
systems failed to remove significant amounts ofrdtnfdrainage waters. The poor
performance of the mole fill system is believeddsult partly from the drainage water
by-passing the lapilli-filled mole channel by flawg in the cavity above the lapilli.

On-going field research in Southland indicates thatplacement of a 20 cm layer of
coal combustion ash (75:25 bottom ash: fly ashyrdodrainage pipe led to a 40%
reduction in sediment loss and a 60% reduction InsB. Although the ash mixture

was highly effective for reducing P and sedimead®in drainage, the caustic nature
of the resulting drainage means that this mitigatption is inappropriate for field use

without a more aggressive pre-treatment of thenaesferial to neutralise its alkalinity.

An additional treatment at the same field site mgd placing the pipe drain above a
shallow (10 cm) layer of pea gravel to act as ansedt (and thus P) trap. Although
Year trial 1 results looked promising, P and sedimeads in Years 2 and 3 actually
increased above the control treatment, with anadlveil effect recorded for the 3 year
trial.

4.6.5 Wetland additions

Although wetlands can effectively remove particell&, retention of soluble forms,
(either entering in inflows or released from retgirsediments) is generally limited by
predominantly anaerobic conditions common in wetlapils. Constructed wetlands
treating tile drain flows have generally shown tiglely poor or negative P removal in
NZ trials (see section 4.4.2). There is, howevensterable potential to improve
their performance by addition of P retentive maierito the soils of constructed
wetlands or use of porous filters.

A range of materials with P sorption properties ehdeen identified for use in
constructed wetlands treating wastewaters, inctudiatural sediments and industrial
waste products such as smelting wastes and flysgghg., Drizo et al. 1999; Mann &
Bavor 1993; Sakedevan & Bavor 1998).

Melter slag aggregate filter beds have been usedfifal treatment of waste
stabilisation pond effluents at a number of sitedlew Zealand. Monitoring over 10
years at Waiuku showed that >70% TP removal overfitist 5 years of operation,
after-which retention declines markedfghilton et al. 2006). A maximum retention
capacity of 1.23 kg TP per tonne of slag was founder these conditions. Subsequent
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laboratory studies (Pratt et al. 2007) have shoptimal P retention for this material
at neutral pH and high redox potential (i.e., aEralonditions). Field trials of electric
arc furnace slag filters added to constructed wddaor operated as stand-alone
recorded average P removal rates above 70% fram dairy wastewaters (Weber et
al. 2007).

Alum and calcium carbonate amendments to agriailitch sediments were found
to reduce levels of readily exchangeable P andibguim P concentrations (Smith et
al. 2005). Anret al. (1999) found P immobilisation in a wetlamil svas increased by

a range of chemical amendments, with the effecéigsnn the order: ferric chloride >
alum > calcium carbonate. The calcium carbonateadmeh-amended soils were less
sensitive to redox changes and were considere@ tmdye suitable for binding P in
anaerobic wetland sediments (Ann et al. 1999).

Natural New Zealand zeolites can effectively re@mmonium and to a lesser extent
phosphate from wastewaters and chemical solutiNgsiyen 1997a; Nguyen 1997b;
Nguyen et al. 1998; Nguyen & Tanner 1998). Varityses and grades of zeolite are
amenable to use as wetland soil additives or pditites media. Sukias et al. (2006b)
undertook a preliminary laboratory trial comparimgange of P sorbent, precipitant
and sediment sealing materials. A zeolite and ancertial P retention product
(modified zeolite) being developed by Scion wenenid to have the best P retention
characteristics. Further pilot trials are requitedcreen a wider range of materials and
test performance under field conditions.

To maximise denitrification rates in constructedlamds organic amendments such as
sawdust or straw can be added to soil media. Tlais done in the Lake Okaro
wetlands where sawdust wastes were readily availbim a nearby mill (Tanner et
al. 2007). Further research is warranted to dete¥nthe quantitative benefits on
wetland denitrification rates and find optimal apation rates.

4.6.6 Alum

Aluminium sulphate (alum) has been used to reducanBff in a small number of
field studies. Alum additions to effluents or scéln reduce soluble P concentrations
and thus losses of dissolved P. Smith et al. (200dnd that addition of alum to
poultry manure that was applied to plots contairtiaig fescue (equivalent to 40 kg
Al/ha) reduced dissolved P concentrations by 84%-.g@ing research on the West
Coast (R McDowell, pers. commindicates that 2 broadcast applications of alum
(equivalent to 20 kg Al/ha/application, dissolved2i nt of water) reduced P losses in
overland flow from dairy pasture by approximateBp2
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4.6.7 Gapsin knowledge and communication

All of the reactive filter and material attenuatitwols have been tested at a limited
number of sites and so more field testing is remglitn addition, a major opportunity
exists to combine the properties of reactive matterutrient attenuation tools, and
possibly also add suspended sediment attenuatioerérapplicable).

To facilitate use of wood-chip filters as a toolr fearmers, development and
refinement of a practical design and field-testovgr a number of years is required.
Current pilot-scale trials should ideally be congd to provide information on the
operational life-time of wood-chip filters in ternaé continued organic C supply to
denitrifiers and maintenance of hydraulic condugtivnformation from these studies
then needs to be incorporated into standard guiekelfor farmers, which provide
details for sizing, construction and managemend autline typical performance
expectations.

To improve the P removal performance of construetetiands and woodchip filters a
range of P-sorbing additives or filter media needé identified and tested. These
need to be able to sorb and retain P under thei@rand anaerobic conditions
common in denitrifying systems such as construateithnds and woodchip filters.

Further work is required to identify how the lap#lystems can be improved to capture
most of the P in drainage waters. Options are:

* modification of the mole plough developed in the 98y University study to
ensure that the channel left by the shank and thle plug are completely filled
with lapilli. Reducing the opportunity for drainageater to by-pass the lapilli
material should further enhance the ability of llapd remove P. In this respect a
“Hoskins plough” could be used to backfill a 20 tigh by 10 cm wide column
above the mole channel;

» evaluating systems that are focused on end of tpgagment, such as lapilli-based
filter beds. Further research and development fwone these P sorbing systems
will be undertaken by Massey University staff dseotfunding opportunities arise.

Further work is also required to establish appedprpre-treatment protocols to ensure
that combustion ash or steel slag products arefeafese in the field. It would also
seem prudent to target these materials for usdtén beds placed at points where
convergent flow enters streams. This is likely igngicantly reduce installation and
re-generation/replacement costs.

The longevity and effectiveness of alum treatmena avider range of pastoral soils
remains to be determined. Although preliminary ewmice suggests the technology
may be appropriate to cropped or recently grazed, lis effectiveness on more
weathered soils that have higher background amaiirts- and Al-oxides is unclear.

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 59



—N-IWA_—

Taihoro Nukurangi

Table8: Communication and science gaps for reactive filers materials.
Attenuation Guideline Science gaps e.g., uncertainty in performance Availability in
tool status and Top 5 ranked, others listed in no particular order NZ farm-scale
gaps modelling
tools
(OVERSEER®
and NPLAS)
« simple cost-effective construction techniques
 utility around tile drains
¢ long-term performance > 8 years
L ¢ hydraulic conductivity effects for different soil
Denitrification ideli
wall no guidelines types and flow rates
¢ P and faecal microbe treatment performance
¢ greenhouse gas emissions
* potential negative water quality effects -BOD
release, dissolved organic colour release
« field-scale operational performance
Existing: Basic operational lifetime under different flow conditions
concept and « long-term changes in hydraulic characteristics
p_re_llmlnqry . affecting hydraulic permeability
) sizing guidelines
Woodchip givenin DEC  |» comparative performance characteristics
filters (2006) (efficacy, lifetime, long-term porosity) of different
Gaps: Need for types of woodchips (e.g., willow, poplar, pine)
detailed practical\, p and faecal microbe treatment performance
guidelines.
¢ potential negative water quality effects -BOD
release, dissolved organic colour release
Application and |+ Optimising the placement and configuration of P-
P sock performance still|  sock variants to intercept convergent flow before
being refined stream entry
Tile drain « field-scale operational performance
backfill (pea  |Application and . . . .
gravel, melter |performance still operational lifetime under different flow conditions
slag, volcanic |being refined |+ performance of other common gravel types; e.g.,
lapilli, flyash) limestone, scoria, pumice
« further screening and laboratory evaluation of
Wetland soil Applicati d redox-insensitive materials suitable for flooded
amendments pplication and wetland soils
. performance still
and filter . ) . .
: being refined « field-scale operational performance
materials
« operational lifetime under different flow conditions
Alum soil Application and |« field-scale operational performance
dments performance still _ o . -
amen being refined  |* operational lifetime under different flow conditions
Application and
Melter slag - . . . .
| performance still [+ affect of clogging with sediment on performance
aneway runoff bei :
eing refined
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5. Generic scenarios and cost-effectiveness

51

Seven generic scenarios encompassing dairy, ineersdieep/beef and hill country
sheep/beef were formulated (Table 9). The gena@narios are loosely based on
monitored research catchments for a variety of daagdes and farming types (e.g.,
Bog Burn, Toenepi, Whatawhata, etc.). Generic stenavere developed to illustrate
the applicability and compare the cost-effectivenethe attenuation tools. The use
of generic scenarios reduces the assumptions amtramts placed on the analysis.
For example, for livestock exclusion calculation® wwssume that no livestock
exclusion is in place on each farm.

Note: Both the efficacy estimates and cost calculations in this section rely on the
assumptionsin Tables 3, 5 and 7 being acceptable.

Scenario char acteristics

Paddock and catchment-scale attenuation tools esakiated for each scenario. In

order to assess the applicability of each tool, geaeral hydrologic characteristics

were characterised. At the catchment scale thisiinex) assessing the relative

importance of the baseflows (flows between everas)l storm events on the

catchment exports. In some catchments (e.g., sosndy 2, 3) storm exports are

dominant, while in others storms play a minor r@ey., scenarios 4 and 6; Table 9).
At the paddock scale, the relative importance afhehydrological pathway (see

section 3.1) was identified. In addition modificats to pathways, for example by

artificial drainage, were included. This enable@ Stenario model to explore the

potential of re-instating the natural hydrologytéike advantage of features such as
natural seepage wetlands.

Sediment, nitrogen and phosphorus loads (kg/hag wstimated for each scenario at
both the paddock and catchment scales. These és$iraee based on research and
model data. The catchment loads include all sourflsexample the suspended
sediment load includes sediment derived from bamsien. It was assumed that
sediment could only be transported successfullyolbgrland flow or drainflow.
Nutrients can be transported by any flowpath. Tégireent and nutrient loads were
apportioned to each water pathway on a pro-ratés.b&sr example, if drainflow
transported 40% of the flow, then it also transpard0% of the nutrient load. Some
tools only attenuate particulate P and so it wasiagd that 50% of TP exported from
dairy farms was particulate, while for drystocknfgr 80% of TP was particulate
(based on Table 3 in Monaghan et al. 2007).

These paddock average exports will not reflectpid@dock to paddock variation that
occurs on farms. For example, on dairy farms targetritical source areas or
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activities such as effluent irrigation blocks, sfme paddocks and forage cropping
areas with appropriate attenuation tools is likelyncrease cost-effectiveness.

5.2 Assessing cost-effectiveness

521 Approach

In recognition of the landscape constraints plaoedmany attenuation tools, an
assessment was made of the appropriateness ofteaklior each of the seven

scenarios. For example, for scenario 1 only onalpeld and two catchment-scale
attenuation tools were applicable as losses torglwater dominate the paddock scale
losses.

The load reduction estimates for each tool wereutaled using the information and
assumptions summarised in Table 3, Table 5 andeT@blThe majority of load
reductions are percentage based, with an expeateger The upper and lower load
reductions were calculated for the scenario x tegbollutant matrix. The cost-
effectiveness ($/kg) was then estimated by dividimg annualised cost ($/ha) by the
annual load reduction (kg/ha).

Each attenuation option was costed to derive anuaised cost value. This
represented 3 cost components:

» The opportunity cost of any capital work requir8elo), such as fencing, excavation
and material costs. If a cost range was provided rtiid-point was used. For
example, bottom of catchment wetlands cost betvd&nand $30/ m? wetland and
s0 $23/ m? wetland was used.

* Annual maintenance costs for operations, sprayirepairs or replacement
materials. In the case of natural seepage wetlatidris, an annual credit of 0.005
cows/ha or 0.01 sheep/beef units was accrued dilne tassumed decrease in stock
losses that would result from fencing these areas.

 The cost of lost productivity due to any removal mfoductive land from
agricultural use. For the dairy farms that were afled, it was assumed that farm
inputs would remain constant (i.e., per ha inpatsaased slightly). UDDER and
financial modelling of this strategy indicated thdtis intensification of the
remaining farm area virtually off-set the lost puotlvity from the land retired for
wetlands and riparian grass filter strips.
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Table9: Generic farm scenarios and nutrient export charagosrist
Scenario Farm Exports exiting paddock Exports exiting catchment
Land Use  channel  stocking No No. Farm topography soil artificial N TP SS flow pathways? Baseflow stormflow Loads
density density cattle sheep size drainage
(m/ha) (SU/ha) (ha)
kgN/haly kgP/haly kgSS/haly % % kg kg kg
N/haly Plhaly SSlhaly
1 Intensive Dairy 25 22 620 0 200 flat well drained no 40 0.1 8 2% infiltration excess OF, 98% 5 95 25 1 100
dairy groundwater
2 Typical dairy Dairy 30 19 432 0 160 flat/easy poorly yes 30 0.7 80 10% infiltration excess OF, 20% 15 85 20 1 100
drained, subsurface, 20% groundwater, 50%
heavy subsoil drains
3 Typical dairy Dairy 30 21 330 0 110 flat/easy moderately yes 40 0.7 10 5% infiltration excess OF; 45% 15 85 20 1 100
well drained subsurface; 40% drain (includes 30%
flow through wetlands, seeps, springs
draineds, 10% seasonally saturated
areas drained); 10% groundwater
4 Intensive  Sheep/Beef 22 13 473 1300 300 rolling well drained no 10 0.7 10 5% infiltration excess OF, 10% shallow 95 5 15 1 300
sheep/beef subsurface flow, 85% groundwater
5 Intensive  Sheep/Beef 25 13 473 1300 300 rolling heavy subsoil yes 7 0.7 10 20% subsurface, 50% drained (made 15 85 15 1 300
sheep/beef up of 20% flow through drained seeps,
springs, wetlands, 30% seasonally
saturated areas drained), 10%
infiltration excess OF, 10% saturation
OF, 10% groundwater
6 Sheep/beef  Sheep/Beef 17 9 500 6300 1000 rolling-steep well drained no 3 0.5 15 10% saturation excess OF, 40% 95 5 15 1.5 1500
hill country topsoil shallow subsurface flow (all in seeps,
springs that feed wetlands, 5%
catchment area), 50% groundwater
7 Sheep/beef  Sheep/Beef 22 9 500 6300 1000 rolling-steep poorly no 3 0.5 30 5% infiltration excess OF, 5% 15 85 15 1.5 1500
hill country (with lots of drained saturation OF, 50% groundwater, 40%
small channels) wetland seepage
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522 Cost comparisons

The cost-effectiveness of applicable tools for eaunbdel farm scenario are
summarised and compared in Appendix 2. For eaahmasicethe basic characteristics
plus paddock and catchment scale exports are sugssdarPie charts of paddock
exports via each flowpath are presented to illtsttdominant flowpaths for each
pollutant. Catchment scale exports are requireestomate load reductions resulting
from livestock exclusion (sediment) and bottom aitcbment wetlands (all
pollutants).

For each applicable tool the annualised cost perokgsediment, nitrogen or
phosphorus removal ($/kg) is plotted on a log sbalechart. Tools not applicable are
omitted. If only a small fraction of a pollutantable to be removed by an attenuation
tool (either because little travels by that roubel as able to be intercepted, or the
removal efficacy is low) the $/kg is high.

Each flowpath (or combined flowpaths) is shadeddsist with comparisons of “like
with like”. The range of $/kg is presented for théimum and maximum estimated
load reductions. The cost estimates used are thee dar both maximum and
minimum load reductions and so the $/kg is lower tfee maximum than for the
minimum load reduction.

For the three dairy farms modelled results are gmigsented for the status quo
(Appendix 2). Intensification to offset any lostopuctivity through the use of

productive land for an attenuation tool increasesrehses $/kg. The major gain was
for the attenuation tool with the largest land riegment - riparian grass filter strips —
and $/kg is decreased by about an order of magnited., a reduction from 10 $/kg

to 1 $/kg). The decreases in $/kg for the remairattgnuation tools are smaller,

generally less than 30 $/kg for sediment and nénognd up to $1000/kg for

phosphorus.

Sediment is the most cost-effective pollutant tges followed by nitrogen and then
phosphorus. Sediment removal mostly costs less %8a¥’kg, but costs vary widely
by scenario and flowpath. Livestock exclusion is #ttenuation tool with the lowest
$/kg for sediment, ranging from 0.01 to 0.33 $/kg.

Nitrogen removal costs are in the order of 10 t0 $kg. Livestock exclusion is often
the most cost-effective, but for scenarios 2-5 sdvattenuation options are equally
cost-effective (Appendix 2).

Costs of phosphorus removal are generally an ooflenagnitude higher than for
nitrogen, mostly ranging between 100 and 10,00®.$tkvestock exclusion from
waterways is one of the most cost-effective optiomscept in hill-country where
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channel densities and fencing costs are higheashlyand slag additions to tile drains
are comparable in $/kg for the scenarios withiafdif drainage.

For all pollutants, bottom of catchment wetlandsnegally show good cost-
effectiveness, which may be able to be improveth&rthrough use of lower-value or
non-productive land, and/or cost-sharing with thdew community in view of their
potential multiple-benefits (e.g., wildlife habit&iodiversity and landscape values).

Two fencing options were examined for livestock legon hill country sheep/beef

model farm scenarios (6 & 7). The cost-effectivenes5-wire (3 electric) ($4.80/m)

and 8-wire post and batten fences ($12/m) were eoeap For sediment the costs for
each fencing option were all <0.1 $/kgSS. Costsemeed slightly for nitrogen,

ranging from 19-324 $/kgN (5-wire) to 46-591 $/k@Biwire). Costs increased again
for phosphorus ranging from 1000 and 1300 $/kgkvi(®) to 2500-3000 $/kgP (8-

wire).

A brief overview of two contrasting scenarios résalre examined in more detail here
to illustrate the results contained in AppendixS2enarios 4 and 5 are both intensive
sheep/beef farms with rolling topography. Scendrias well drained soils, while the
subsoil on model scenario farm 5 is heavy andicdify drained. Catchment exports
are the same for both scenarios, but paddock fldwspand exports vary (Figure 15).

For scenario 5 all of the attenuation tools arewaht, including the option of re-
instating the natural hydrology by removing artdicdrainage and maximising the
natural attenuation options. This would take lantla production and this has been
factored into the cost estimates, but re-instatimglands could be a cost-effective
option compared to installing an end of drain at&gion tool. Fifty percent of the
flow leaves the paddock via drain flow, of whictb 4 flow from drained seeps,
springs, wetlands, and 3/5 is from seasonally at¢drareas drained (Table 9). These
flows have been re-instated for the alum&DF (seabpisaturated areas) and seepage
wetland (drained seeps, springs and wetlands)wsttem tools. For scenario 4, a more
limited range of attenuation tools is applicablétese is no drain flow (Figure 15).
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(a) Scenario 4
Paddock exports & pathways Catchment exports (kg/haly)

Suspended sediment (kg/haly) Nitrogen (kg/haly) Phosphorus (kg/haly)
Suspended sediment 300

(
P Nitrogen 15
Phosphorus 1

(b) Scenario 5
Paddock exports & pathways Catchment exports (kg/haly)

Suspended sediment (kg/haly) Nitrogen (kg/haly) Phosphorus (kg/haly)

Suspended sediment 300

i Nitrogen 15
Phosphorus 1

E===1 overlandflow E===3 subsurface flow === gverland flow and subsurface flow
1 drainflow streamand overland flow [——— stream [—— |oss to groundw ater
Figure 15: Paddock (via flowpaths) and catchment scale exgortsnodel farm scenarios (a) 4
and (b) 5.

Figure 16 shows the range of cost-effectivenesgdch nitrogen attenuation tool (see
Appendix 2 for attenuation tool codes). Note thatma flyash and slag are all
phosphorus attenuation tools so are therefore @renaluded in the nitrogen figures.
For scenario 4 livestock exclusion alone and in lzioation with riparian grass filter
strips, and bottom of catchment wetlands are thet most-effective tools (Figure
16a). For scenario 5, livestock exclusion alone iantbmbination with riparian grass
filter strips, and reinstatement of natural wetkrate the most cost-effective tools
(Figure 16b).

The cost-effectiveness figures must be put in treext of the overall loads exported
via each flowpath or the catchment total. For edamywith scenario 4 most of the
nitrogen leaves the paddock via losses to grouretwab there may be more cost-
effective source control tools available.

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 66



—NIWA_—

(a) Scenario 4 (b) scafigriysukurangi
1000.00 -- 1000.00
iRel
Amed
diin
i =
/4 B O
L] ] ﬁ
e
Amey
10000 | 10000 | ’7’/
[=) [=) -
g g e
- 2 -
3 3 .
5 5
= = i
D D
2 5 =
k7] D
8 8
= =
10.00 4 10.00 +
100 T T T T T T T T T T T T T T T T T T T 100 T T T T T T T T T T T T T T T T T T T
ELZTTT====T T oL ELTTT=====TzzuL oUW
22 EEEER022R882425 738 22 EEEER022RR22a22 78]
SQR~R-wOAN-L e Lk RN SQR~O-wOAN-0Le? U R
28R o do N ® T IR o oo ~N o © =w©
E=== overlandflow E=——= subsurface flow =—=== oyerland flow and subsurface flow
1 drainflow stream and overland flow C——— stream ——

Figure 16:

5.3

531

Nitrogen cost-effectiveness for model farm scemsa(@ 4 and (b) 5. (Note the cost-
effectiveness range for 1% constructed wetlandscenario 4 is 284 to 1136 $/kg).
See Appendix 2 for tool codes and $/kg for othenacios.

The range of scenarios illustrates the need tméntify and prioritise flowpaths and
(i) recognise natural attenuation assets in otdecost-effectively use attenuation
tools to improve water quality.

Scoring systems

Simple scoring systems were devised to summaresdénario results and assist with
prioritising research needs. Two scoring systemsevaeveloped — one based on
pollutant removal and the other on hydrology.

Hydrology scores

The hydrological scoring system was designed taotifjeimportant paddock scale
flowpaths, reveal research gaps and help prioriesearch needs. While attenuation
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tools have been developed for all flowpaths, sdmedaths may have received more
or less research attention than is hydrologicalrranted on a national scale. Each
flowpath is evaluated and scored for dominance.e eafs interception and the
proportion of the total paddock load of each palhitcarried. For example, a drain
(the easiest flowpath to intercept) that carrie®@%5%of the runoff and >50% of the
pollutant load from a paddock would score the maximof 15 (Table 10).

Scoring system for paddock hydrology.

Index Score Description/classification

[EEY

<5%
5-10%
10-20%
20-50%
>50%

Paddock flowpath dominance

Ease of interception groundwater
diffuse subsurface flow
diffuse surface runoff
natural wetland seepage

drainflow (diffuse-point)

0
1-10%
10-25%
25-50%
>50%

Proportion of total paddock
load carried by flowpath

ga A W N PP OO B WODN R OO & WODN

The hydrological scoring system (Table 11) revéladg for suspended sediment both
surface runoff and drainflow are important flowmatb tackle with attenuation tools.

For nutrients, drainflow, surface runoff and wetlasubsurface flow (scenarios 6 and
7) score highly in several scenarios. For two sgesadl and 4) losses of nutrients to
groundwater are significant. These losses can balyackled using source controls
and are not amenable to attenuation by any ofale tliscussed in this report.
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Table 11: Paddock hydrology scores (summed) for each moda $aenario and pollutant.
Model .
Flowpath Ease of Proportion of
farm . Flowpath dominance interception total load Score
scenario
SS TN TP SS TN TP
Overland flow 1 3 5 1 1 9 5 5
1 -
Intensive Subsurface flow
dairy, well prainfiow
drained
Groundwater flow 5 1 4 4 10 10
Overland flow 3 3 4 2 1 10 8 7
2 - Dairy, sybsurface flow 4 2 2 2 8
heavy )
subsoil  Drainflow 5 5 4 4 4 14 14 14
Groundwater flow 4 1 2 2 7 7
Overland flow 2 3 4 1 1 9 6 6
3 -Dairy,  subsurface flow 4 2 3 3 9 9
mod. well
drained  Drainflow 4 5 4 3 3 13 12 12
Groundwater flow 3 1 2 1 6 5
4- Overland flow 2 3 5 1 1 10 6 6
Intensive  sybsurface flow 3 2 2 1 7 6
sheep/be
ef, well  Drainflow
drained Groundwater flow 5 1 4 4 10 10
5- Overland flow 4 3 4 4 2 11 11 9
Isr;]tsgs;ve Subsurface flow 4 2 2 2 8 8
beef, Drainflow 5 5 4 4 4 14 14 14
heavy
subsoil Groundwater flow 3 1 2 1 6 5
6 -Hill Overland flow 3 3 5 2 2 11 8 8
country  gypsurface flow 4 4 3 3 11 11
sheep/
beef, well Drainflow
drained Groundwater flow 5 1 4 4 10 10
7 - Hill Overland flow 3 3 5 2 2 11 8 8
country
sheep/ Subsurface flow 4 4 3 3 11 11
beef, Drainflow
poorly
drained  Groundwater flow 5 1 4 4 10 10

5.3.2 Pollutant removal scores

The pollutant removal scoring system was desigaeédieal the tools with the highest
attenuation potential for each scenario. Threecaglwere included based on (i) ease
of use, (ii) proportion of the total paddock oratahent load attenuated and (iii) cost-
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effectiveness. The 1-5 scoring system is outlinedTable 12. Cost-effectiveness

scores were developed separately for each of thegats as the cost scales vary. For
example, most phosphorus attenuation costs at [HBt$/kg, while suspended

sediment attenuation costs are in the order of1Dt#/kg.

The pollutant attenuation scores range between d4 1&n (Figure 17). Livestock
exclusion and bottom of catchment wetlands scayblfifor every scenario. Seepage
wetlands also score well for the applicable scesarfior scenarios 3 and 5 seepage
wetlands are reinstated, while for scenarios 67atitey currently exist. Overall these
three tools have scores >30 as they can attenlidteee pollutants to some degree.
The tools with overall scores <10 are able to atiémonly one pollutant.

Scoring system for pollutant removal.

Index

Pollutant Score  Description/classification

Ease of use

1 difficult
high level of specialist expertise required, e.g., flowpath location

moderate level of expertise required, e.g., wetland design with suitable

All guidelines

low level of specialist expertise required e.g., natural wetland identification

a b W N

Removal
capability

0-5% of total load (paddock or catchment)
5-10% of total load (paddock or catchment)
10-20% of total load (paddock or catchment)
20-40% of total load (paddock or catchment)

All

>40% of total load (paddock or catchment)

Cost -
effectiveness
($/kg)

<1
1-10
10-50
50-100
>100

Sediment

<10
10-50
50-100
100-500
>500

Nitrogen

<100
100-1,000
1,000-10,000
10,000-100,000
>100,000

Phosphorus

P N W O, DO S~ O, DN ®®W P OO 00 B~ WON PP

Stocktake of diffuse pollution attenuation tools few Zealand pastoral farming systems 70

readily useable by most farmers without need for additional specialist expertise.




Sediment

15

—NIWA_—

Taihoro Nukurangi

catchment

Score (/15)

12 |
9|
6
3]
0 ; : :

facilitated WL constructed WL - constructed WL-
runoff drain

O 2-Dairy, poorly drained

riparian GFS alum seepage WL

@ 1-Intensive dairy, w ell drained
@ 5-Intensive sheep/beef, heavy subsoil @ 6-Hill sheep/beef, w ell drained

livestock
exclusion

denitrification
wall
@ 3-Dairy,mod. w ell drained

wood chip filter  slag filter trench flyash filter bottom of
french catchment CW
O 4-Intensive sheep/beef, w ell drained

B 7-Hill sheep/beef, poorly drained

Nitrogen catchment
15 T 1
12
g o
©
3 4
0 T T T T T T T
riparian GFS alum seepage WL facilitated WL constructed WL - constructed WL-  denitrification ~ wood chip filter  slag filter trench flyash filter livestock bottom of
runoff drain wall trench ex clusion catchment CW
@ 1-Intensive dairy, w ell drained @ 2-Dairy, poorly drained | 3-Dairy,mod. w ell drained O 4-Intensive sheep/beef, w ell drained
@ 5-Intensive sheep/beef, heavy subsoil @ 6-Hill sheep/beef, w ell drained B 7-Hill sheep/beef, poorly drained
Phosphorus catchment
T 1
15
12
o
d
| H H IHl
o
(&)
N
T l] T T T
riparian GFS alum seepage WL facilitated WL constructed WL - constructed WL-  denitrification ~ wood chip filter  slag filter trench flyash filter livestock bottom of
runoff drain wall trench ex clusion catchment CW
@ 1-Intensive dairy, well drained @ 2-Dairy, poorly drained B 3-Dairy,mod. w ell drained O 4-Intensive sheep/beef, w ell drained
@ 5-Intensive sheep/beef, heavy subsoil @ 6-Hill sheep/beef, w ell drained | 7-Hill sheep/beef, poorly drained
Sediment + Nitrogen + Phosphorus | catchment :
50
40

Score (/45)

W0

facilitated WL constructed WL - constructed WL-

runoff drain

riparian GFS alum seepage WL

@ 1-Intensive dairy, well drained @ 2-Dairy, poorly drained

@ 5-Intensive sheep/beef, heavy subsoil @ 6-Hill sheep/beef, w ell drained

Figure 17:

bottom of
catchment CW
O 4-Intensive sheep/beef, w ell drained

livestock

denifrificaion ~ wood chip filter  slag filter french flyash filter

wall french exclusion
| 3-Dairy,mod. w ell drained

B 7-Hill sheep/beef, poorly drained

Pollutant removal scores for sediment, nitrogen, phosplaomdisll three pollutants combined
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6. Recommendationsfor research

Attenuation of sediment, nutrient and pathogens from flowingemiz an integral
component of sustainable farming. This review of existinignaation tools has
highlighted a number of research and communication gaps.

6.1 Resear ch gaps

The simple scenario scoring systems have been usedbtiig® research gaps and
needs for tools that are widely applicable, effective andet the major flowpaths.
This information is combined with the detailed knowledge ga@stified in Sections

4.6, 4.17 and 4.25 to develop research recommendations.

Tools included in the scenarios investigated in thisntegre generally those that have
been more widely tested and thus can be reasonably edlTable 2 also includes
tools that have gained less traction, have had liméstihg in New Zealand or are the
subject of exploratory new trials. These tools or variationsthem (including:
controlled subsurface drainage, vegetated-sections of sulfadss, aquatic plant
harvesting) require further investigation and consideratiéor&¢heir potential can be
properly assessed. A watching brief is also needed toifidemvel attenuation
options and approaches that could be applied in New Zkgiastoral farming
systems.

e Develop attenuation tools suitable for drainflow and subsurface flow that
target multiple pollutants.

The major flowpaths requiring attenuation are drain flawg seepage and diffuse
subsurface flows. Traditionally these “less visible”, lmencentration but high
volume flowpaths, have been considered to be insignificansporters of pollutants
(compared to high concentration, low volume surface runoff). édew recent
research has highlighted their importance.

Attenuation tools for these flowpaths are typically pollttspecific (e.g., wetlands
receiving drain flow or wood chip filters for N or rewe filters for P) rather than
multi-pollutant. For example, a drain flow attenuation thalt combines SS, TN and
TP attenuation rather than attenuating only one pollutantdcbale widespread
application. Research has often been focused on one landedegre the key
pollutant has been identified, but in other landscapes thayeom multiple pollutants
that need addressing. Cost-effectiveness improves by iteygaultiple pollutants.
Source controls (such as nitrification inhibitors, improvétient management and
less easily leached fertiliser types etc.) will sisaiith reducing the concentrations of
pollutants in drain flow and subsurface flow, particularly meheéhere is high
connectivity between the pollutant source and flowpath. Howegsidence times for
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subsurface flows in some catchments may introduce tigedad attenuation tools
will be required.

Specific opportunities include:
» Enhancing P attenuation in constructed wetlands e.g., Bufiieérs.

» End of drain filters encompassing sediment, nitrogen@ra$phorus attenuation
tools (for existing drains).

» Further research on the inclusion of organic carbon aactive materials (e.g.,
lapilli) in new moleftile drains.

In addition to these opportunities, there is a need touatalbasic performance
attributes, practicality and cost of promising less-redeat and novel attenuation
options which target these priority flowpaths. There rhaynew or emerging tools
that have yet to be evaluated for New Zealand conditions.

o Field test bottom of catchment wetlands, including ancillary community and
environmental benefits.

Bottom of catchment wetlands have potential in both baseand storm flow
dominated systems (depending on outflow structure design). Béeyme a cost-
effective attenuation tool when marginal or community landvailable, and where
wider community and environmental benefits are taken ictount.

Environment BOP has commenced monitoring on the recently issidblarge-scale
Lake Okaro wetland treatment system (2.4 ha wetlaedtitg the main stream
inflows to the lake), which will provide one year of data ba efficacy of a large
bottom of catchment wetland designed for nutrient attenuaGaps exist in the
current monitoring programme with respect to sediment atimbgan attenuation, and
a multi-year ¥ 3) monitoring is required to gauge year to year variability
performance. Wider testing of this attenuation tool inedéht landscapes, particularly
those with more intensive land use would be valuable.

e Quantify nutrient and pathogen reductions as a result of livestock exclusion
and other alternative strategies from hill-country perennial streams.

Little data exists on nutrient and pathogen reductionsaldeéct livestock deposition
and current research projects in New Zealand cannthiBligap due to the concurrent
implementation of multiple BMPs in research catchmehigestock exclusion is
become a high profile issue for the sheep & beef industndsnay be problematic on
hill-country. One issue is the provision of off-stream ewadnd research on simple
alternatives to troughs is needed. In addition, in somest¢apes total exclusion may
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be impractical and research on alternatives, such aslpextlusion or changing
animal behaviour (e.g., troughs, supplements or shade)dsdee

* |Investigate the benefits of livestock exclusion on inter mittent str eams, wetlands
and seasonally saturated areas.

Targeted livestock exclusion could be beneficial beyond @eemt stream margins
and on streams that are smaller than those includdxi€@lean Streams Accord (e.g.,
seasonally saturated source areas and ephemeral stresiwaters). Seasonal
increases in flow and channel network expansion may ireréees probability of
livestock access to surface water and hydraulic connectovpppllutant reservoirs.

» Field test seepage wetlands attenuation performance, particularly for SS and
P, and evaluate their potential to bereinstated wher e drained.

Much of the research effort on natural seepage wetlandselesison short term nitrate
removal and denitrification rather than total N removafquaerance over the longer
term. Research is needed to measure the net sedimerd,MNexports from a range of
seepage wetlands under baseflow and event conditions.

» Field-test TN, TP, SS and faecal microbe attenuation from surface drainage by
facilitated and constr ucted wetlands.

There have been no New Zealand studies of wetland poligardval from surface
drains. Performance estimates have been derived miaynheference to overseas
studies, where farming systems are frequently quitereifit (e.g., seasonally housed
livestock and cropping). Wetlands treating surface drainkgesfare likely to very
effectively remove suspended sediments and associatedufgaetioutrients during
flow events, but there is considerable uncertainty aboutlease of retained
nutrients. This information is necessary to quantifyltimg-term performance of these
systems and develop appropriate designs.

6.2 I nfor mation needs and guidelines

We have also identified communication gaps, overall and gecic attenuation
tools. The main priorities are:

» Develop smple tools, supported with training courses, to assist with the
selection of suitable attenuation tools for different landscape and soil types,
and farming systems

None of the existing guidelines provide tools to help farmers/Laadagement
officers/farm advisors identify priority pollutants, kdwdrological flowpaths and
attenuation tools suitable for their particular combination refeiving waters,
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landscape and farming operation. Realistic local watelity targets should be
developed for rural catchments to guide mitigation actiéws example, a decision
tree approach could be formulated to guide attenuatiorsébettion.

* Integrate information on a wider range of pollutant attenuation options into
far m-scale nutrient-budgeting tools such as Over seer®.

The recent development of a hydrology model for OVERSEERovides
opportunities for attenuation tools to be included in the indde first attenuation
tools to be included are riparian grass filter stripgh@ut livestock exclusion effects),
natural seepage wetlands and constructed wetlands. Fut#reradion options should
be added, where possible, to increase the range of optitmsoabe considered by
farmers.

» Develop practical guidelines to support appropriate protection, rehabilitation
and management of natural attenuation features on farms (e.g., wetlands).

Natural landscape features that perform importaenattion roles, such as existing
wetlands, have not been adequately recognised and valuedsiBl@asuse for this
could be a lack of appreciation of how widespread wetlaaadsally are in the
landscape. Many farmers cannot identify seepage wetld&els Banks, EBoOP pers.
comm.; Simon Stokes, HBRC pers. comm.) and are unaware iofptitential to
attenuate nutrients, particularly nitrogen. Wetlands (seepsd included in the DEC
(2006) guidelines in passing, but practical management guidelieesquired.

» Develop practical guidelinesto support proper design, implementation and on-
going management of other widely applicable attenuation tools (e.g., sediment
traps, constructed wetlands).

The cost-effectiveness of these tools such as construettahds depends on proper
design, construction, planting and maintenance. Althougtiefines exist for some

widely-applicable attenuation tools, monitoring, review andh&mrtdevelopment is

required to ensure that these tools are used as effgcagepossible. Given the
financial risks to farmers and the environment from imprapelementation, thought

needs to go into what is an appropriate level of testind development for

establishment and industry endorsement of new BMPs, anidanéhe guideline and

training requirements to support their wise use.
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Table 13: New Zealand studies on water quality impacts dleaind deer on streams, wetlands and ephemenahelsa
Reference Waterbody Livestock/Location study design Stock units Results ' Relevance to
Canterbury
water bodies
(Environment stream deer, Southland one-off upstream + downstream concentrations increased 19-35 x all
Southland 2000) downstream SS, NH:-N and faecal coliforms
(Southland RC stream deer, Moss Burn, one-off upstream + paddock: 13-36 SU/ha 25 x increase in SS and turbidity from all
V New Zealand Southland downstream & (100-200 deer, 10-15 ha) | upstream of 6.8 mg/L & 6.9 NTU (tributary
Deer Farms Ltd tributary 2000 mg/L)
2004) 5 x increase in E. coli from 1100 MPN/100 mL
(tributary 6 x 10 MPN/100mL)
(Stassar & stream cattle, Whatawhata, upstream + farm average: 10 SU/ha Rise in turbidity from background of 10 NTU to all
Kemperman Waikato downstream paddock (15 mixed age 70-80 NTU (approximately 65 mg/L suspended
1997) cattle, 1.06 ha) = 70 solids), but up to 250 NTU.
SU/ha

(Davies-Colley & | stream deer, Piakonui, Waikato | upstream + 2-3 x increases in E. coli from upstream site to all
Nagels 2002) downstream, 13 downstream site.

samples
(Davies-Colley stream 246 dairy herd, Tasman | one-off upstream + 246 cows. plumes of turbid water. Sharp spike of E. coli 5 all
et al. 2004) downstream x10* MPN/100 mL. Two crossings yield 35.2

monitoring of herd kg SS, 4.5 billion E. coli, 1.4 kg TN.

crossing
(Smith et al. stream 145 cow herd, one-off upstream + E. coli peaked at 8 x10" MPN/100 mL, yield all
cited in Davies- Puremahia Ck, Golden downstream estimated as >11 billion E. coli & 10 kg SS
Colley et al. Bay monitoring of herd
2004) crossing
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T

Reference Waterbody Livestock/Location study design Stock units Results Relevance to
Canterbury
water bodies
(Nagels stream dairy, Waikato upstream and paddock: 150-200 cows E. coli concentrations increased except where all
unpublished downstream in paddocks 1.2-3.1 ha = | cows could not easily access the channel
data) monitoring of 450-900 SU/ha . . . .
. paddocks when stock E. CO!I concentrations highest at Hopkins
(see Caollins et grazing (median 4600-5200 MPN/100 mL, about 30 X
al. 2007) background) — small stream + easy access
(McDowell stream dairy, south Otago monitoring upstream 10 heifers (2002) TP loads increased. Upstream TP load all
2006) and downstream for 2 20 2003 increased after ephemeral channel access
years, monthly cows ( ) (2002). Downstream TP load increased after
sampling forced stream grazing (2003).
(McDowell stream deer, Telford, Otago, 14- | monitoring outlet farm average: 1000 Loads of E. coli, SS, FRP, PP, TP, NH4-N and all
2007) 65 day rotation small catchments hd/155 ha = 13 SU/ha NOs3-N higher when deer in wallows
(6.1-32.1 ha), monthly
+ flow sampling
stream deer, Invermay, Otago, monitoring outlet farm average: 1200 Loads of E. coli, SS, FRP, PP, TP, NH4-N and all
21-56 d at small catchments (4.1 | hd/160 ha = 15 SU/ha NOs-N higher when deer in wallows
-0 day rotation ha), monthly + flow
sampling
(Buck et al. streams Otago, rolling- hill multiple sites within 3 | Lee: farm average 7 (4.7- | Lee: catchment stocking rates positively all
2004) country catchments, one-off 10.6 SU) correlated to conductivity, turbidity, NHs-N, TP
summer baseflow . and TN.
Lee: sheep/beef sampling at 60 sites Tuakitoto: farm average
. 11.3 (6.8-24.5) Tuakitoto: catchment stocking rates correlated
Tuakitoto: to TP
sheep/beef/dairy Barbours: 0
Barbours: ungrazed
tussock
(Collins 2004) wetland beef, hill country, two wetlands within 2 | farm average:12 SU/ha, Concentrations of E. coli highest during storm all
Waikato small catchments, wetland A: 95 SU/ha events shortly after livestock have been in
storm and baseflow wetland
sampling
'ss= suspended sediment, TN = total nitrogen, NH4-N = ammonium, NOs-N = nitrate; TP = total phosphorus, FRP = filterable (or dissolved) reactive phosphorus, PP = particulate.
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8. Appendix 2: Scenario results

8.1 Scenario codes

Code Definition
Alum Alum
Alum&DF Alum with subsurface drains removed - increasing SEOF
seepage wetland 1% of catchment area estimated for existing and re-instated
1%SeepW wetlands
seepage wetland 5% of catchment area estimated for existing and re-instated
5%SeepW wetlands
1%FW facilitated wetland 1% of catchment area
2.5%FW facilitated wetland 2.5% of catchment area
constructed wetland 1% of catchment area, receiving surface runoff and subsurface
1%CW flow
constructed wetland 2.5% of catchment area, receiving surface runoff and
2.5%CW subsurface flow
0.5mDW 0.5 m deep denitrification wall
2mDW 2 m deep denitrification wall
1%CW constructed wetland 1% of catchment area, receiving drain flow
2.5%CW constructed wetland 2.5% of catchment area, receiving drain flow
SmIWCF small woodchip filter
LrgWCF large woodchip filter
Slag trench backfill: slag
FlyAsh trench backfill: fly ash
GFS+LE riparian grass filter strip & livestock exclusion
LE livestock exclusion
1%BCW bottom of catchment wetland, 1% catchment area
5%BCW bottom of catchment wetland, 5% catchment area
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Scenario 1: Intensive dairy, flat topography, well drained soil.

Paddock exports & pathways

Suspended sediment (kg/haly)

8.2
Stocking density (SU/ha) 22
No. cattle 620
Farm size (ha) 200
Topography flat
Soil well drained
Channel density (m/ha) 25
Channel length (m) 5000
Artificial drainage no
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Catchment exports (kg/haly)

Suspended sediment 100
Nitrogen 25
Phosphorus 1
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8.3 Scenario 2: Dairy, flat/easy topography, poorly drained, heavy subsoil
%?ldt}gcfexports & pathways Catchment exports (kg/haly)
Stocking density (SU/ha) 19 Suspended sediment (kg/haly) Nitrogen (kg/haly) Phosphorus (kg/haly)
No. cattle 432 Suspended sediment 100
Farm size (ha 1
(ha) 60 Nitrogen 20
Topography flat/easy
Soil poorly drained, heavy Phosphorus 1
subsoil
Channel density (m/ha) 30
4800
Channel length (m) E==== overland flow subsurface flow overland flow and subsurface flow
Artificial drainage es
9 y ——— drainflow streamand overland flow [——— stream [——— |oss to groundw ater
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8.4
Stocking density (SU/ha) 21
No. cattle 330
Farm size (ha) 110
Topography flat/easy
Soil moderately well drained
Channel density (m/ha) 30
Channel length (m) 3300
Artificial drainage yes

Scenario 3: Dairy, flat/easy topography, moder ately well drained soil

Paddock exports & pathways
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Catchment exports (kg/haly)

Suspended sediment 100
Nitrogen 20
Phosphorus 1
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85 Scenario 4: I ntensive sheep/beef, rolling topogr aphy, well drained soils
Paddock exports & pathways Catchment exports (kg/haly)
Stocking density (SU/ha) 13 Suspended sediment (kg/haly) Nitrogen (kg/haly) Phosphorus (kg/haly)
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8.6

Stocking density (SU/ha)
No. cattle

Farm size (ha)
Topography

Soil

Channel density (m/ha)
Channel length (m)
Artificial drainage

13

473

300
rolling

heavy subsoil

25
7500

yes

Paddock exports & pathways
Suspended sediment (kg/haly)

overland flow

1 drainflow

Scenario 5: Intensive sheep/beef, rolling topogr aphy, heavy subsoil

Nitrogen (kg/haly)
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Catchment exports (kg/haly)

Suspended sediment 300
Nitrogen 15
Phosphorus 1
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Scenario 6: Hill country sheep/beef, rolling-steep topogr aphy, well drained topsoil

Paddock exports & pathways

8.7
Stocking density (SU/ha) 9
No. cattle 500
Farm size (ha) 1000
Topography rolling-steep
Soil well drained topsoil
Channel density (m/ha) 17
Channel length (m) 17000
Artificial drainage no
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Scenario 7: Hill country sheep/beef, rolling-steep topogr aphy, poorly drained soil

Paddock exports & pathways

8.8
Stocking density (SU/ha) 9
No. cattle 500
Farm size (ha) 1000

rolling-steep (with lots

Topography of small channels)
Soil poorly drained
Channel density (m/ha) 22
Channel length (m) 22000
Artificial drainage no
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