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Executive Summary

This report has been written as background worktlier Catchment Contaminant
Annual Loads Model (C-CALM) currently under devetagnt by NIWA for Landcare
Research Ltd. It presents local and internatioealearch into the contaminant
removal efficiencies of stormwater treatment opficommonly used in New Zealand.
Emphasis has been placed on the contaminants sinhdated in C-CALM (total
suspended sediments - TSS, copper and zinc), theuigh an eye to future model
development, data on other contaminants have beeorted where available.
Background information about the water treatmenluiding definitions and primary
information sources are given in Section 0. Tresimoptions are discussed in
Section 2 and include:

* Treatment comparisons (ensembles of informatiddgetion 2.1;
* Wet ponds and wetlands - Section 2.2;
e Filters — Section 2.3;

» Vegetative biofilters (raingardens / bioretentiswales and infiltration strips)
— Section 2.4;

» Street sweeping — Section 2.5;
e Catch-pits and catch-pit inserts — Section 2.6
» Porous paving — Section 2.7; and

*« Treatment trains — Section 2.8.

A phone survey of regional, unitary and selectedtteial authorities in New Zealand
was carried out (Section 3) to identify the mai@atment options used around the
country and the state of local knowledge about el those options perform. As
NIWA is familiar with stormwater treatment in theugkland region and have had
previous discussion with practitioners regarding @-CALM project, authorities in
the region were not contacted. No new treatmerfopeance data were obtained
from this survey. It was found that detention badjponds and wet lands), swales
(especially along roads), catch-pits inserts arekssweeping are common around the
country, however public porous paving, and raingasdare not found outside the
main cities. Survey participants were sent a amgepdescription of C-CALM
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(Appendix 1) and many showed great interest inlétgelopment. Few authorities are
involved in water quality modelling and, where miidg is carried out, rely on
consultancies. It was generally felt that modelsrently available are overly
complex. The replies to the survey are given ip&umlix 2.

Finally, generalised removal efficiencies to sintelreatment in C-CALM are given
in Section 4. It is noted that information on eowmental drivers which influence
stormwater treatment such as rainfall dynamicsatdhment characteristics is rarely
reported in the literature so that relationshipgwben these drivers and water
treatment cannot be determined from the data. fMieians that the recommendations
make broad assumption about treatment. Removadedfiments and associated
particulate metals are to be pre-simulated for pamdi wetlands and raingardens for a
wide range of environmental conditions in ordedévelop a set of performance rules
(see Semadeni-Davies, 2008). All other removatieficies have been derived from
the literature. The removal efficiencies for dissd metals from ponds, wetlands and
raingardens were not simulated due to the complexitthe processes involved.
Where possible (ponds, wetlands, street sweepiat;h@its) sediment removal
efficiencies are broken into sediment size classégrwise, removal is said to be for
total suspended solids regardless of grain size. he Titerature derived
recommendations for ponds, wetlands, raingarddtessf swales, infiltration surfaces
and porous paving have been broken into low, medinoh high efficiency ratings.
Users of C-CALM will be required to select the agmiate treatment rating on the
basis ofa priori knowledge (e.g., media for filters and flow paghdth for swales and
infiltration strips).
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1. Background

This report is intended to form the basis of geanparformance ratings with respect to
contaminant removal for the options covered wittiie Catchment Contaminant
Annual Loads Model (C-CALM) being developed by NIWAt presents a data and
literature review of removal efficiencies for commstormwater management options
used in New Zealand to improve stormwater qualBgreet sweeping, and the use of
structural devices for water treatment includingcatted best management practices
(BMPs) or sustainable urban drainage systems (SU&@Spw impact urban design
and development (LIUDD) are covered. Devices idetliare ponds and wetlands,
filters, vegetative bio-filters, catch-pits (wittmé without inserts) and porous paving.
Treatment trains are also discussed. The repbdtes information available locally
and internationally for the treatment options regay their expected removal
efficiencies. Where possible, reference has beatenof environmental drivers and
sediment particle size distributions (PSD).

The review has concentrated on studies which imchasnoval efficiencies for total
suspended solids (TSS), and particulate and disdatinc and copper which will be
simulated in C-CALM, though with an eye to futureodel development, other
common contaminants have been reported where hlailavith the target
contaminants.

Removal of contaminants borne in stormwater throwgker treatment is dependant
on a myriad of different factors including:

* intensity and duration of stormwater delivery;

* antecedent hydrological conditions (e.g., deptivater table, storage capacity
of local soils and the treatment device, accumutatind wash-off cycles of
contaminants);

» topography (e.g., slope, aspect)
e contributing area to flow
» infiltration rate of treatment media including saihere applicable

» particle size distribution (PSD) of suspended sedim
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* chemistry of stormwater (e.g., pH, contaminants sgné and their
concentration);

* hydraulic function of the treatment device (i.e.imensions and
configuration); and

« physical, biological and chemical conditions withitme device (e.g.,
temperature, pH, presence of bonding sites fortimorpplantings, micro-flora
and fauna).

Each of these factors is highly heterogeneous th ppatially and temporally so that
there is no hard and fast constant for removahfparticular treatment device.

The original intention of C-CALM model developmemas to provide the GIS spatial
decision support system (SDSS) with a set of perémice rules that had been
developed using continuously run conceptual sinanaimodels of commonly used
devices for water treatment. This approach wowdehenabled C-CALM to take
some of the above factors into account by proxyheuit the need for explicit
continuous simulation modelling of stormwater flpathways and treatment within
the GIS. Furthermore, it would give C-CALM a soutleoretical modelling basis
without the complexitydata and user expertise required of operatiormrudrainage
models. Howeverlocal data suitable for model development was @wgilable to
NIWA with a sufficient length of time for two pondsnd a single raingarden (see
Semadeni-Davies 2008). Thus out of necessityCH@ALM project has had to make
assumptions treatment efficiencies of stormwatatinent based on literature values
for other treatment options.

1.1 Representing removal efficiency

By its nature as a simple water quality model ftanping applications, C-CALM
aims to represent average local removal efficiendoe water treatment. In this
report, performance is presented in terms of péagencontaminant removal between
influent and effluent. Percentage removal is hatderstood within the stormwater
community and most stormwater studies report efficy in terms of percentage
removal. The choice was also guided by the easealsfulation. Thus, use of
percentage removals will allow intuitive simulatioof water treatment within
C-CALM.
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1.2 Primary sources of information

This review has given priority to local informati@m stormwater treatment options
and efficiency ratings for treatment devices in Né@aland. The main local sources
of information were websites, conference proceesdangd a phone survey of regional
and territorial authorities. However, such data peoved to be elusive with only a
handful of reports available that have good qualdya suitable for the assessment of
device performance. Through necessity, this reviemg also had to consider
international information including published regsrconference and journal articles.
A recurring theme in the discussion below is thegist of good quality stormwater
treatment data both in New Zealand and internalfipna What information is
available shows a wide, and often conflicting, mofremoval efficiencies. Taylet

al. (2005; and Taylor, M., personal communication@0€arried out a similar review
of local and international resources and expreBsstration at the lack of information
on treatment efficiencies in general. They sthtd what data are available are often
limited in value as they are presented withoutrezfee to environmental drivers such
as local climate, hydrology, topography and geoldbggt can affect treatment.
Primary sources of information on removal efficiesdnclude:

* NZWERF online Stormwater Management Guideline -cdbes treatment
devices commonly used in New Zealand and collateal land international
information about those devices.
(http://www.nzwerf.org.nz/publications/sw602/sw6agnl)

*  NZWWA Stormwater Directory of New Zealand - listssdasummarises some
267 local and international reports on stormwatanagement, however, few
of those reports include stormwater treatment studi
(http://www.nzwwa.org.nz/stormwaterdirectory.pdf

e Auckland Regional Council (ARC) - a number of rdpoon removal
efficiencies for specific devices have been comimed and are available to
the general public.
(http://www.arc.govt.nz/albany/main/environment/wattrmwater/stormwat
er-publications.cfm

e US EPA website - holds a wealth of publicationsiranlon stormwater
management such as a series of stormwater factsstiem 1999 (a-h) that
have been cited in this report.
http://www.epa.gov/ednnrmrl/
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e Clark et al. (2006) - provides a comprehensive overview ofr pesiew
literature on stormwater management published Ew®96 and 2006. The
review has a chapter on low impact treatment teldgnes which includes
infiltration and bio-filtration, detention and reteon ponds, and wetlands.
http://rpitt.eng.ua.edu/Publications/Publicatiohd.

* The International Stormwater Best Management Rest(BMP) Database
holds reports and data for a range of treatmenicesypredominantly from
the USA. Data held in the database must meettyymibtocols.
http://www.bmpdatabase.org/

In order to augment the paucity of local informati@a telephone survey was carried
out of regional councils and selected city counailsund the country. Participants
where asked what treatment devices are used in jthédiction and whether any

monitoring programmes of concurrent flow, and iafiltand effluent quality suitable

for the derivation of removal efficiencies have meendertaken. However, no new
data was located as a result of this survey.
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2. Treatment options

The following literature review represents a setecbf information that is available
on removal efficiencies (focussing on Zn, Cu andSI%r storm water treatment
options commonly used in New Zealand. Backgroumdrimation such as local
climate, topography, antecedent hydrological caomatt in both the catchment and the
treatment device and soil types is very rarely reggbin the literature, which means
that it is difficult to determine the extent to whiexternal environmental drivers
affect stormwater treatment. Despite its imporgate water treatment, especially
though settling, the sediment PSD is usually ngiored. Similarly, removal
efficiencies for metals are commonly reported inmie of total metal (i.e., TZn and
TCu); information on metal portioning (dissolved,vparticulate) and fractionation
(particulate metal split into sediment size classpare, and was not available for most
of the treatment options cited below.

2.1 Performance summaries

Summaries of average stormwater contaminant remeffadiencies for common
treatment devices have recently been prepared éyntternational BMP Database
(2007 b;Table ) and Tayloret al. (2005; sedable 3. The former was prepared by
statistically analysing data lodged with the BMRatbase. The latter is the result of a
literature review of which pooled published remogticiencies from both local New
Zealand and international sources (including atiezainternational BMP database
summary). The discussions provided for these sutemdoth have disclaimers
which state that there is a wide range of reporéedoval efficiencies and that while
there have been a number of monitoring programmepdnds and wetlands, there is
little data for less common treatment options sashporous paving. It should be
noted that the tables represent ensembles of d#iterrthan a specific treatment
device, this means that they give an indicatiomwd#rage conditions and do not take
differences in design and environmental drivers adcount.

Table lincludes removal efficiencies that have been d¢aled for the median influent
and effluent event mean concentrations (EMCs) tedoby the International BMP
Database (2007 b). Removal efficiencies were eddoulated for the minimum and
maximum EMCs Figure ) and showed very similar percentages for TSS, kewe
removal of metals varied. Caution should be egertin interpreting the percentage
removals as it does not follow that the reportetlémt EMCs match those reported
for the effluent.

C-CALM review of removal efficiencies 7



Table 1

Median of average influent and effluent cocentrations (EMC over entire
monitoring period) for selected contaminants and teatment devices (summarised
from International BMP Database, 2007 b)

Wet Pond Wetland Bio-filters Media Filter PZ\(/)é(r)nuesnt

(n=25) (n=19) (n=57) (n=38) (n=6)
37.73 31.9 52.78 43.27 XX
__ | Influent (27.61-51.55) |  (18.10-53.39) (44.12-63.15) (33.52-55.84) XX
g Zj 9.74 13.38 17.84 10.85 16.96
Effluent (7.03-13.49) |  (7.25-25.81) (12.26-25.98) (7.57-15.57) |  (5.90-48.72)
Removal % 74 58 66 75 NA
9.84 5.65 31.93 14.57 XX
g __|Influent (6.39-15.13) (3.34-9.57) (23.42-43.54) (11.2-18.94) XX
8% 5.82 3.35 9.63 7.63 2.78
g - Effluent (4.53-7.49) (1.86-6.01) (7.33-12.64) (6.05-9.64) (0.88-8.78
Removal % 41 41 70 48 NA
5 7.33 XX 14.14 7.75 XX
§ Influent (5.66-9.49) XX (9.64-20.75) (5.53-10.87) XX
;é E 4.35 XX 7.4 7 XX
§ Effluent (3.55-5.33) XX (5.41-10.11) (5.70-8.60) XX
a Removal % 41 NA 48 10 NA
60.75 47.06 176.71 92.34 XX
e __ |Influent (47.36-77.92) | (24.47-90.51)| (121.23-257.58) |  (61.07-139.63) XX
% § 21.58 29.21 27.93 32.23 16.6
E = Effluent (16.14-28.83) (9.10-93.71) (20.66-37.37) (19.3-53.82) (5.91-46.64)
Removal % 64 38 84 65 NA
38.83 XX 58.1 69.27 XX
E Influent (28.93-52.11) XX (36.35-92.86) | (47.03-102.03) XX
E % 29.17 XX 24.09 32.22 XX
_% - Effluent (17.81-47.78) XX (18.86-30.78) (20.11-51.63) XX
° Removal % 25 NA 59 53 NA

Notes:

n — number of devices included in summary statistical analysis.
xX — insufficient data for calculation.

Database contains data collected over the period 1999-2007, see website for details.

Values in parentheses are 95% confidence intervals around the median.

A difference in median concentration does necessarily indicate a significant difference between
influent and effluent concentrations.

Bio-filtration includes bioretention cells, swales and vegetated infiltration strips.
Percentage removals calculated here from medians reported by the International BMP

database.
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Figure 1

Removal efficiencies for selected treatmémlevices and contaminants calculated

from the maximum, median and minimum influent and dfluent EMCs reported
by the International BMP Database (2007 b).
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Table 2

Removal efficiencies for common stormwatetreatment devices found in New
Zealand (collated from local and international studes by Taylor et al., 2005)

Sediment Total Metals Nutrients Hydrocarbons

Vegetative Mostly Moderate

Infiltration High High but some Moderate
. Contradictory
Devices Data

High for metals Nitrate Increased
Sand Filters High associated with Low-Moderate
particulates

Alternative (to Can be High

sand) Media High High depending on the Moderate

Filters type of media

Ponds Contradictory Contradictory Contradictory Contradictory
Data Data Data Data

Mostly Moderate
but some

Wetlands Moderate Moderate . No Data
Contradictory
Data
Catch-pit filters Low Low Low Low
Hyd_rodynamlc Moderate Moderate Little Effect Moderate
devices
Treatment Trains High High Moderate High

High >75% removal with influent 10x background concentration
Moderate 20—75% removal with influent 10x background concentration
Low <20% removal with influent 10x background concentration

2.2 Wet ponds and wetlands

Wet ponds (also called retention ponds) and coctstdu wetlands consist of a
permanent pool of water into which stormwater iecied. Water is retained until it
is displaced by the next volume of stormwater. [d/ets differ from wet ponds in that
they tend to be shallower (often marshy) and supgants adapted to saturated soil
conditions. The purpose of both types of facilgyto slow stormwater delivery to
receiving waters for flow control and to improve teraquality. While retained,
natural physical, chemical and biological procedseat the stormwater. Settling of
suspended sediments is the main form of watemteattin ponds and wetlands.

10
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The depth, surface area, shape and location dof amlé outlet are important design
factors affecting pond and wetland performance negaly, the longer the retention
time the better. The primary determinant of retantime in a pond or wetland is the
live storage volume of the basin, the aim is toigies$acilities which are adequately
sized to retain stormwater for effective sedimemoval. Another aspect of pond and
wetland design is the length-to-width ratio (Peitenet al., 1999, Persson, 2000).
The US EPA (1999 a) state that a ratio of 2:1 orenwaill decrease the possibility of
short-circuiting and increase retention time allogvior greater settling. Baffles and
islands can also be used to extend the flow pathiwaysson, 2000) assuming plug
flow, though poor placement of these can introdiezd areas which reduce the active
pond volume and retention time (e.g., Semadeni-€\2006). Designing a pond or
wetland basin to maximise flow lengths requiregalidé information about the size of
particles in stormwater reaching the facilities aneir fall velocities. If the velocity
used in design calculations is too high, the fgcilill be under-sized and ineffective,
while a velocity that is too low can lead to oveirsy which introduces unnecessary
costs. Long-term performance can be estimatedh@matio of the pond surface area
to contributing source area. German (2003) founglationship between the specific
area (ratio pond surface area to contributing ca&tt area) and removal efficiency,
however, the increase in efficiency with pond fisgeaus after a specific area of 250
m? / ha impervious catchment surfaces.

Wetlands have their own set of removal processésterk to the presence of

vegetation. The choice of installing wetlands eattihan ponds is often motivated by
other, non-treatment related, factors such as dtabreation. There are two main
design types recommended by the ARC (TP 10, 20@&) ¢an be found in New

Zealand: trapezoid (shallow basin with marginahpteg); and banded (alternate pools
and planted ridges). The US EPA (1999 b) list svather design types. According
to the US EPA wetland plantings:

* Increase flow pathways and therefore retentiongjme

» Filter litter, debris and other floatables carriedgtormwater though stems and
foliage;

» Filter particulates as water flows through root sess

* Provide surfaces for microbial growth thereforer@asing biological uptake;
and

« Provide surfaces for bonding of dissolved contamtisia

C-CALM review of removal efficiencies 11



Additionally, vegetation can provide shading toke&eter temperatures cool which is
an important to maintain wetland dissolved oxygdime conventional wisdom is that
constructed wetlands increase water treatment detention ponds due to the
presence of vegetation, however, there are fewestwehich have compared treatment
under similar environmental conditions. While #hérave been studies which show
increased rates of removal for nutrients and bictée.g., Bavoret al., 2001),
sedimentation remains the primary treatment foti@date metals in wetlands (Somes
et al., 2000; Walker and Hurl, 2002).

In a well maintained wet basin with an adequatentsin time, settling removes up to
50-90% of the TSS and with it, the bulk of partatel contaminants (e.g., Schueler,
1992, cited in US EPA, 1999a). In addition to Isegt between 40-80% of soluble
nutrients in ponds and wetlands can be removediddgpdical uptake which means
that these devices are often installed for treatroérorganics rather than metals or
other stormwater contaminant§.able 3summarised removal efficiencies published
from literature values by the US EPA (1999a andtbjmwater treatment fact sheets.
It should be noted that ponds efficiencies are gl as a range of values while
wetlands are presented as long-term averagesth&aontaminants reported in both
fact sheets, the wetland average removal efficeenéit comfortably into the broad
treatment ranges assigned to wet ponds for TS8dHRPh but suggest lower removal
of Zn. Table 1 which was prepared using data collated by thert@tional BMP
Database (2007 b), also suggests lower removalieiiies for TSS, total Cu and
total Zn than wet ponds (lack of data meant thaioneal efficiencies for the dissolved
fractions could not be calculated for wetlands).owidver, there is evidence that
increased TSS at the outlet in some cases is duiedenic sources within the wetland
rather than an indication of poor sediment rem@kadlec and Knight, 1996).

The removal of metals in ponds and wetlands is ¢exnand is highly dependant on
the chemistry of both the influent stormwater aratex stored in the basin. The US
EPA (1999 a) states that the removal efficienoregpbnds due to settling of total Pb
and Zn can range between 70-80% and 40-50% regplgctiwhile particulate metals

are able to settle with sediments, there can bagdsin metal partitioning (i.e.,

dissolved vs. particulate metal) in the basin ddpgnon water chemistry (notably
pH). Consequent changes in metal mobility will dvan impact on the total metal
removal. There is also evidence of bio-accumutatd dissolved metals by basin
vegetation and micro organisms.

12
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Table 3 US EPA (1999 a and b) percent removal effencies reported for wet ponds and

wetlands.
Wet Ponds* Wetlands**

TSS 50-90 67

TP 30-90 49

TN - 28
Soluble nutrients 40 - 80

TCu - 41
TPb 70 - 80 62
TZn 40 - 50 45
TCd - 36

*derived from Schueler (1992)
**derived from CWP (1997)

Walker and Hurl (2002) analysed samples of setbettom sediments from an

Australian stormwater wetland. Water sampling wiluent and effluent showed

variable removal efficiencies (57, 71 and 48% for, Pb and Cu respectively, Cr
remained more or less constant and As increased50¢6) which led them to

investigate possible removal mechanisms. They tgsived that if settling is the
only removal mechanism for metals that the quanf#ygd grain size) of settled
sediment would reduce with distance from the iated that the relative concentration
of particulate metals with grain size would be #@wme across the basin. The
sampling found the first hypothesis was correct khdt metal concentrations
associated with settled sediments varied alondetimgth of the flow path. This result
suggests that other, biological and chemical, rexhprocesses are involved.

Scholest al., (1998) investigated total metal removal (Cd, 8i),Cr, Pb and Zn) for
two wetlands near London. The facilities were lid same age but had different
dimensions and design, and treated water fromrdifteland use types. They found
similar removal efficiencies for Zn, Ni and Cr (150) and 48% respectively) between
the wetlands, however, one wetland had signifigalativer efficiency than the other
for Cd (53 and 25%), Pb (180 and 65%) and Cu (I¥l G8%). The difference in
removal efficiency was partly explained by diffecen in stormwater characteristics
(i.e., inflow volumes, delivery rates and water lgyp at the two sites. The better
performing wetland was designed to have substsitea as surface flows which
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increased the ability of dissolved metals to bontth woil particles. There was also
evidence that the better performing wetland hacérigbiological uptake. Plant

tissues too were analysed and it was found thasrbm-accumulate trace metals and
metal concentration is greatest in the roots.

Pontieret al. (2004) investigated treatment across differemtiees of a wetland

treating road runoff. Water quality, sediment avalation rates and metal
concentrations and fractionation with respect tehbdbSS and settled solids were
analysed. Their aim was to determine the fate etata reaching the wetland. They
found that the dissolved metal fraction could obé/removed effectively if it were

bonded onto particles which subsequently settled @iat removal rates for the
dissolved fraction varied with flow rates and watdéremistry. The wetland they
investigated received alkaline base-flow from chatbils which was favourable to
bonding with particles during retention and mosttal®e in the basin were

consequently in the particulate phase. Percentageoval efficiencies are not
reported. In ponds or wetlands receiving acidituent, the sorption rate would

probably be less as there is a general increaseeirdissolved metal fraction with
lower pH (e.g., Dempsewt al., 1993; Sansalonet al., 1996; Sansalone and
Buchberger, 1997).

2.2.1 New Zealand

Elliott (1996) found that the reduction in contaamh event mean concentrations were
in the same range as reported by the US EPA @8p,for TSS, 42% for total Zn and
48% for Cu) at the Halswell Pond, Christchurch, beer, the reduction in load was
much greater due to significant water loss frompbad (i.e., bottom infiltration and
evaporation). There was some evidence that disdoimetals were able bind to
organic particles - unfortunately, pH was not repdr

Larcombe (2002) investigated the effect of vegetaton water treatment at the
UNITEC constructed wetland in Auckland by compariegioval efficiencies before
(1994; unpublished - taken in conjunction with gand filter investigation described
in ARC TP 48, McKergow, 1994) and after planting@2-2). The wetland was
constructed as two interconnected ponds but has sieen planted and the vegetation
has become well established. The results are stiseddnTable 4 Both campaigns
used automatic samplers to obtain composite flowghted samples. In addition to
the 1994 and 2001-2 sampling campaigns, Hicltegl. (1997) took a series of grab
samples at both the inflow and outflow over a fstarm events (one in 1995, three in
1997) to assess toxicity at the site. As flow daéwe not available, the event mean
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concentrations and contaminant loads cannot b&latdel, this means that the results
are not strictly comparable to the 1994 and 20@i&!@ campaigns.

A total of 12 storms were monitored in the 2001apaign, however, on several
occasions, a storm occurred within 12 hours ofpfevious event which means that
the stormwater entering the pond would presumablydiatively clean. Five of the
events, all in 2002, were sampled over the entirattbn allowing calculation of

event mean concentrations and loads. The wateplearnwere analysed for:: TSS;
pH; COD; total and soluble Zn, Pb and Cu; TN artcate, nitrite and ammonia; and
PAH (Polycyclic aromatic hydrocarbons).

Larcombe (2002) notes that the concentration of TS fluent has been reduced
since 1994 when the contributing area had someionggmonstruction. Similarly,
there were significant reductions in influent camications for the other contaminants
with the exception of dissolved Cu which was onrginally higher in 1994. Hickey
et al. (1997) recorded inflow concentrations (total aisbolved Zn, Cu and Pb) quite
different to either the 1994 and 2002 values whiatjgests that the change in land use
over the intervening period has been manifestedtanmwater quality. For the
contaminants analysed during both campaigns, rehioysoved for N, dissolved Cu
and dissolved and total Zn. There was little cleaimgremoval of TCu and TPb. The
removal efficiency worsened for TSS and COD. Deesphie apparent reduction in
removal efficiency for TSS, the colour of sedimemsthe influent and effluent
sampled in 2002 changed from grey to brown. Thiggssts that the effluent
sediments were organic and may have originated fhenwetland vegetation which is
consistent with the findings of Kadlec and Knigh996). Biogenic sources of
sediment would also explain why the total metal ceah was greater than TSS
removal in 2002. Thus Larcombe speculates thaignt sediments were able to
settle out. The reduction in COD is also probahlg to increased biological activity
in the wetland. It was speculated that the in@easetal removal was due to the
establishment of vegetation, particularly bio-ugtak dissolved metals.
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Table 4

Mean concentrations for the combined volun®of the five entire events sampled
(Larcombe, 2002). compared with 1994 study averageoncentrations at the
inflow and outflow. Units are g/n?.

Inflow Outflow % Removal
Contaminants

1994 2002 1994 2002 1994 2002
Suspended solids 81.2 27.6 135 15.2 83.3 449
COD 57.4 43.9 39.1 32.3 31.8 26.4
Ammonia nitrogen 0.021 0.046 0.058 0.050 -176 -8.6
Nitrate nitrogen 0.601 0.376 1.453 0.056 -141 85.1
Nitrite nitrogen 0.009 0.005 0.022 0.003 -144 40.0
Total nitrogen 0.994 0.668 32.7
Organic nitrogen 0.567 0.559 1.4
Copper total 0.0258 0.0155 0.0049 0.0032 81.0 79.3
Copper soluble 0.0056 0.0050 0.0032 0.0019 42.8 62.0
Lead total 0.0947 0.0204 0.0057 0.0005 93.9 97.5
Lead soluble 0.0024 0.0004 0.0011 0.0004 541 0*
Zinc total 0.225 0.161 0.071 0.023 68.4 85.7
Zinc soluble 0.097 0.089 0.052 0.012 46.3 86.5

* The zero percentage removal recorded for soluble lead occurred because soluble lead was
below analytical detection limits in all samples.

Modelling to determine the long term removal effiaties of ponds and wetlands for
use in C-CALM is discussed fully in the project oepby Semadeni-Davies (2008).
The simulation routines have been tested agairdiiolggical and water quality data
collected at two stormwater ponds, Silverdale aadAfatu, located in Auckland. The
Silverdale pond had removal efficiencies calculadedioad of 59%, 57% and 70%
respectively for TSS, TCu and TZn. The efficiescee within the range above (e.g.,
Table Jand Table 3 for the metals, but is fairly low with respect 18S. The
situation at the Te Atatu pond is problematic dgkiemnt and effluent samples were
often not from the same events and as the long Isammterval meant that flow
peaks and first flush phenomena may not have bagtured. Trowsdale and Fletcher
(2005), using the same data, reported maximum, moim, mean and median
concentrations of the influent and effluent (sumsett inTable § and concluded that
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Table 5

the pond is able to adequately treat stormwateughoevent based analyses of
removal were not undertaken. There is some evalé¢mat the pond is a source of
total Cu.

Summary of sample concentrations for selemti contaminants at the Te Atatu
pond (collated from Trowsdale and Fletcher, 2005)

TSS TCu Dissolved Cu Total Zn Dissolved Zn
(mg/l) (ug/l) (ug/l) (ug/l) (Hg/l)
In Out In Out In Out In Out In Out
Minimum 5 1 5 Na* Na* Na* 18 Na* 8 Na*
Mean 35 20 25 12 11 5 52 11 33 7
Median 23 9 20 9 11 4 48 10 30 5
Maximum 150 73 80 94 52 31 142 30 83 75

Na* below detection limit.

2.3 Filters

There are a number of different designs for stortawélters including constructed
sand filter chambers (see ARC TP 10 for descrigtiand design criteria) and filter
vaults fitted with filter cartridge units to smaileetrofit devices for manholes such as
the Up-FIdM filter marketed in NZ by Hynds Environmental. tEik can also be
found as part of other treatment devices such dsrlying beds for porous paving and
incorporated into catch-pit inserts. The type itéf fitted, its dimensions and filter
medium will depend on the availability and costifferent media and local treatment
needs including contributing impervious area (ametdéfore expected flow rates) and
the type and concentration of contaminants to dxted.

There are two main treatment processes in fillmachanical removal of sediments
(i.e., settling and sieving - related to the sizehe sediments relative to the pore
spaces of the filter media); and chemical sorptibdissolved contaminants. A third
removal process is precipitation as dissolved coimants react with the filter

medium to produce particles which can be trappethéynedium. Filter performance
iIs dependant on the chemical and physical charsititsrof the filter medium (e.g.,

total surface area, size of pore spaces) and wetmtion time in the filter (related to
the inflow rate, the depth and hydraulic condutyiaf the filter bed).
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Filter media are many and varied with some filtgsigned to have mixtures or layers
of media to treat different contaminants in storrea Sand continues to be very
common in stormwater filters. Other media thatehdeen used for stormwater
treatment include: gravel, pumice (and synthetititpg compost and leaf litter, peat,
zeolite, marine deposits (e.g., limestone and dié)mactivated carbon, soil, wood
products, slag, fly ash (by-product of furnaces)rops concrete, wool pads and
treated fabrics. There have been a number ofestunio the use of different media in
stormwater filters, some recent international ardviealand examples are presented
below. The most comprehensive studies have addtefifer hydraulics (i.e.,
hydraulic conductivity and risk of clogging) andebkthrough times for dissolved
contaminants in order to assess the medium’'s dlitiyalior long-term use in
stormwater filters. The overriding conclusion bese studies is that contaminant
removal processes are complex and related to thigrdef the filter and stormwater
characteristics (i.e., flow and water chemistrifowever, the choice of filter media is
the single most important factor which influendes temoval efficiency.

Wood products have been tested as filter mediattomwater treatment in a number
of studies and include chips, shavings and baakge al. (2005) found high removal
efficiencies for dissolved Zn, Cu, Pb and Cd inucoh experiments with
commercially available hardwood bark mulches (uplsaf 90%). They note that the
removal capacity (i.e., how much of the contaminzan be retained in the material)
must be assessed as well as efficiency in ordavéduate the media effectiveness
over time and that bark could be a cost effectiterfmedium.

Farm (2002) compared combinations of peat, zealité both natural and synthetic
opoka (a marine deposit) as filter media in a sesfecolumn experiments. Tests were
carried out where the media were mixed or arramgéayers. Solutions of dissolved
heavy metals (Zn, Cd, Cr, Cu, Pb) were appliedhto ¢olumns and filtration was
gravity fed. There was a negative relationshipveen metal removal efficiency and
hydraulic load. Blends of opoka and zeolite weoaind have higher removal
efficiencies than combinations with peat which vpmene to wash-out and caused
clogging of filter pore spaced. The synthetic apakas less effective than natural
opoka due to the presence of calcium oxide whicis@a pore spaces in the column to
become clogged. Mixes were found to be marginadbre effective than layering.
Mean average removal efficiencies for ranged betv3and 97% for Zn and 38 and
89 % for Cu with the lowest efficiencies associatgith the highest hydraulic loads.
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Hatt et al. (2007) carried out a set of seven laboratory rooliexperiments using a
90 cm gravel bed over a 70 cm bed of sand or &yhthetic stormwater was applied
with different flow rates to the filter. This stydaddressed hydraulic loading,
breakthrough times and distribution by depth oftaomnants captured by the gravel.
Removal efficiencies were determined for TSS, euatd (total and dissolved P, total
N, ammonium and nitrate/nitrite) and dissolved nset@n, Cu, Pb). Removal

efficiencies were greatest when flow rates werestaont. For varied flow rates, which
is more indicative of performance in the field, tneerage removal efficiencies were:
92% for TSS; 62% for Cu; 80% 38% for Zn; for Phg &38% for TP; 44% for TN.

Sansalone (1999) used column experiments to tast gillica sand and synthetic iron

oxide coated sand (OCS) for suitability in paréafiltration trenches. These trenches
are similar in design to sand filters but are lamgl narrow for installation parallel to

roads. The OCS breakthrough time was substanga#igter than for plain sand. It

was estimated that a full size trench filled wit€®could have an effective lifetime

of 15 years. Removal efficiency was not reported.

Geng-Fuhrmaret al. (2007) tested eleven sorbent materials that cobeldised in
filters (alumina, activated bauxsol-coated sandk,bhauxsol coated sand, fly ash,
granulated activated carbon, granulated ferric dwide, iron oxide-coated sand,
zeolite, sand and spinel) for the removal of digstlmetals found in stormwater (As,
Cd, Cr, Cu, Ni and Zn). Both removal capacity a&fiiciency were assessed. Each
material was found to have an affinity to differemétals found in the stormwater test
solutions. Bark and sand were found to the lowasioval capacity and were largely
ineffective as sorbent materials for dissolved isetehile alumina, bauxsol coated
sand, granulated ferric hydroxide and granulateédated carbon (in that order) were
found to be most effective for the range of metedsed.

Taylor (2006) carried out an evaluation of six elifint iron and steel slags to assess
their suitability as stormwater filter media foretiAustralian (Iron and Steel) Slag
Association. A literature search was also undertato identify and quantify the
potential environmental impact of these media. leadperiments were used to
determine both removal efficiencies and hydrauboductivity. Removal efficiency
was determined using column experiments with appba of artificial stormwater.
Metals were in dissolved form. The hydraulic cortiiity for all six slags was
greater than the flow rate that could be suppliED (000 mm #) and no practical
hydraulic restrictions are expected from the sitigré until and unless they become
clogged. The slags were all able to reduce coratms of dissolved As, Cd, Cu, Pb,
Ni, Zn and N and P in artificial stormwater. Sowiethe slags were also able to
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remove Al, Cr, Mn and Mo. The removal efficiencfes the C-CALM target metals

were 85-96% for Cu and 48-98% for Zn with four bétsix slags having removal
efficiencies > 90%. All the six slags tested hav@otential as stormwater filter media
as they reduced the concentrations of arsenic cadmcopper, lead, nickel, zinc,
phosphorus and nitrogen in the artificial stormwa&ome, but not all the slags also
reduced the concentrations of aluminium, chromiomranganese and molybdenum.

Nanbakhstlet al. (2006) tested five combinations of artificial lseggregate, sand and
gravel arranged in layers within filtration unitse{ght = 85 cm, length = 68 cm and
width = 41 cm). The experiment was run over spang summer 2004. One filter
unit was planted with turf to assess whether phgntan improve treatment (i.e.,
bioretention).  Another unit was topped with pavitdpcks to test whether
performance of filters is impaired when covereche Trial was a small scale study to
determine which media combination would be mostable for a full scale filter. A
range of water quality indicators was assessed, (B@QD, turbidity, nutrient load,
dissolved oxygen, pH, conductivity, TSS concentrgti however metals were not
included in the study. They found that there wassignificant difference in the
treatment of stormwater for the chosen water quatiticators despite the different
set-ups. TSS removal was around 80% for the epéiriod for all the units, however,
removal efficiency ranged between 66-70% in spang > 90% in summer. This
shows that while the filters behaved similarly, estlseasonal environmental drivers
affected the removal processes.

Up flow filters have recently been trailed by Hynsvironmental in New Zealand
(Orakei Basin, Titirangi). The filter is configuteso that water is forced hydraulically
to flow up through a filter rather than being gtgvied. The main advantage of this
approach is that the filter is able to drain angl loetween events (increased filter-life,
reduced risk of bacterial contamination). Additifiy, as the filter gravity drains
between events, backflow self-cleans the filtemuouy the risk of clogging. Hence
there is greater performance over time comparecbiwentional gravity-fed filters.
Like other types of filter, the medium is a key simeration to removal efficiency.
For instance, in a lab based pilot study, Prategd. (2005) found that mixes of sand
with peat and compost gave better results with T&8oval averaging 50-80% for
these blends compared to 40-50% for sand on its olawever, the latter media
sometimes resulted in increased sediments loatteasompost was washed from the
filter. In a related lab study, Clagk al. (2005) tested 12 combinations of filter media
including zeolite, sand-peat and compost in coluemperiments with an up-flow
configuration. These tests were followed up witl-$cale tests in stormwater filters.
It was noted that the media had different remo¥atiencies for different metals and
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the degree of treatment differed for un-steady atehdy state flow conditions.
Overall, the peat and sand mix had the best metabval efficiency but changed the
pH detrimentally and caused some head loss. Reaudt reported graphically as
ensembles for each medium and are not providedrasmage removals.

Dierkeset al.(2005) tested the suitability of porous concretgepias a medium to
polish water that had sediments pre-treated byirspihnd separation. They found
that removal of dissolved metals is enhanced ifagetydroxides are layered in the
concrete. During a lab trial of nine different cogte pipes with and without
hydroxides, they found a combination of an epoxgireement layered with an iron
hydroxide material could remove over 98% of dissdlcopper with little drop in
efficiency over a 6 month trial period. This comdition was tested in a full-scale
prototype of an up-flow filter, stormwater in thiéidr sump was forced hydraulically
into the pipes which are set in sand and gravefuidgher polishing. The influent to
the filter was dosed (sediments, Cu, Zn, Pb anceralnoil) to give a similar water
quality as local stormwater, and the system perdoce evaluated over a simulated 2
years of use (i.e., artificial flows where applied‘events” over a period of several
weeks with a volume of water equivalent to 2 yearghe field). The removal
efficiency was 99 % for TSS and 99% and 84 % fealtoopper and zinc (removal of
dissolved metals was very high) and 99% for minesdé (representative of
hydrocarbons in road runoff).

2.3.1 New Zealand

Sand filters continue to be common in New Zealand their design often includes
pre-settling either in a separate chamber conneudtdan overflow weir or in pooled
water stored above the filter bed. A study of tHeITEC sand filter in Auckland,
undertaken by the ARC (TP 48, McKergow, 1994) foudlnat it exceeded the 75%
target for reduction of event means concentratem$ loads of TSS and total and
dissolved metals (Pb, Zn and Cu). Removal of Tigbtatal metals was over 90% for
the event mean concentrations and loads. The NZWBRIline stormwater
management guidehitp://www.nzwerf.org.nz/publications/sw602/sw6atl) has
collated the following expected contaminant remorates (cited ARC TP10, US
EPA, 1999 c) for sand filters:

» suspended solids > 75%
» total metals (copper, zinc, lead) > 75 %

» total phosphorus 33 %
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* total nitrogen 21%

* biochemical oxygen demand 70%

* hydrocarbons >75%

Landcare Research has been involved in a numtstudies to assess the performance
of filter media available locally. These studies/é involved both lab and field scale
experiments with a range of filter configuratioesg(, treatment wall filters and filter
beds below porous pavements). The ability of médiaemove sediments, metals
(total and dissolved), hydrocarbons and nutrieatetbeen assessed.

Pandeyet al. (2005) carried out lab experiments to test thiéitalwf a number of
natural filter media$phagnum moss; crushed limestone; waste wood pulp; wood ash
and waste wool felt) at removing dissolved Cu, Zwd #b as well as PAHs from
artificial road runoff. Lime and wood ash were fduo be very effective at removing
both dissolved metals and PAHs. Two blends, edtt 10% Sphagnum moss, were
also tested (lime and wood ash). The best blersl theaSphagnum/wood ash mix
which was able to remove >86% of PAHs and >94%heftteavy metals based on the
relative concentrations of inflow and total leaehatThis combination was further
tested in the field using two “treatment wall” éis (located in Cambridge and
Hamilton) and was found to be effective initiallyincidences of by-pass are not
reported. Removal was determined from influent effldent concentration, though it
is not clear whether event means were comparedial Iremoval rates (i.e., within
one year of operation), the filters were able toagee between 60-80% of total Cu and
50-97% of total Zn. After 13 months in the fiekh was no longer removed by the
Hamilton filter, however, at the end of the monigr period (39 months) the filter
was still able to remove Cu (approx 80%) and PAH%ie Cambridge filter, which
was located near heavy vehicle traffic and suffamedk spills including cream,
started showing signs of deterioration after 22 thetut was still able to remove the
metals and PAH. It was noted that to increaserfilife (i.e., prevent clogging),
stormwater should be pre-treated to remove sedsynticles.

A similar field test was carried out for the TaugarDistrict Council and the Bay of
Plenty Regional Council (Taylor and Pandey, 20058 a filter consisting of
Fphagnum moss above a 30 cm bed of wood ash in a shallotamrgular tank (0.5 m
deep by 1 m wide by 4 m long). Compared to stortewvan other parts of the
country, the concentrations of TSS where foundedilgh while Zn, Cu and Pb were
lower. Spills of fertilizer near the filter meathiat P levels were very high. Flow and
water quality was monitored for 14 events and EM@se calculated for influent and
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effluent. The wall had a high by-pass rate (orrage, only 16% of flow was treated)
which was not considered in the calculations. filker was able to remove most of
the TSS (93%), total Cu (90%), and total and dismbl Zn (64% and 24%
respectively), but could be a source of dissolvadd® inflow concentrations < 3.5 pg
It (-17% average). Breakthrough of dissolved Zn gecliafter 11 months, however
the filter continued to remove half of the total &ter breakthrough.

Trowsdaleet al. (2006) carried out lab tests of six media avédai Auckland:
Shagnum moss; smelter iron slag; a granular soil; zeolged a mixture of sail,
compost and smelter iron slag. Contaminant redergapacity (Zn, Cu, N and P) and
hydraulic conductivity were assessed in two setexpieriments. They found that all
the media exceeded the minimum hydraulic condugtikéquired by the ARC (3
mm/h; TP 10, 2003). With the exception of the costmmix, the media were able to
remove some 99% of both Zn and Cgphagnum moss, iron slag, granular soil, and
zeolite were able to retain P, but only the slag afale to remove N. The other media
released N over time. Compost proved to be a scafr®. The study recommended
iron slag as the best overall filter media of the s

2.4 Vegetative bio-filters

There are a large variety of stormwater treatmetiogs which utilise soil and
vegetation to attenuate flows and remove stormwetetaminants. These devices,
collectively called vegetative bio-filters, aim testore natural physical and biological
processes to urban areas by replacing imperviatigcgs with permeable ones. They
are usually small, serving a single source suchra®f or car park with a contributing
area of < 1000 fn The variety of devices available means that iften difficult to
slot a particular device into a specific categarg 0 do so can be subjective. Indeed,
the International BMP Database recognises a sicaflegory bio-filtration treatment
device (seeTable ). The US EPA (Clart al., 2004) uses the collective term
vegetative bio-filters and gives three broad catego swales; bioretention units; and
vegetated filter strips. Those categories are tedolpere.

The basic design features of vegetative bio-filtare a permeable soil filter bed
planted with hardy plants that are able to sunalternate wet and dry conditions.
The devices should also have some form of by-passmay include pre-settling

basins. The devices are sometimes off-line sodtuatnwater is diverted away from
the reticulated stormwater network - thus the rafibreated to by-passed water is vital
to treatment performance. Unfortunately, by-pasadt generally reported or taken
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into account when calculating removal efficiencwhere effluent can interact with
soil and groundwater, caution should be exercisegrévent contamination. Indeed
bio-filters are very often drained or lined withogiextile to prevent contamination.

Aside from settling and local disposal via grountevaecharge, vegetative bio-filters
allow mechanical, biological and chemical removiatentaminants in the filter bed.
Biological uptake, particularly of nutrients, isthodue to planting (i.e., with root
water) and micro-organisms in the soil. In addifithere may be complexation by
humic substances in organic particles (Walebral., 1994). However, in common
with filters, the main removal processes for digsdl metals seems to be absorption
by mineral particles in the soil medium and prdeion reactions (see Section 2.3).
This means that the success of bio-filters at irgatlissolved metals is largely
dictated by the choice of filter medium (i.e., hadlic and chemical properties).
While it is reasonable to assume that there isepeetial removal of coarse sediments
and associated particulate contaminants, no infeomabout contaminant removal
broken into PSD or metal fractionation was found.

Other related facilities include dry ponds, soakebaand infiltration trenches where
the aim is to provide temporary water detention fmrcolation into soil and
groundwater between rain events. Green-roofs, evhasf runoff is retained in roof
top gardens can also be considered a type of wegetao-filter, albeit with limited
storage capacity in the planting substrate and otenpial for deep percolation
(Villarreal and Bengtsson, 2005: Czemiel-Berndtssbral., 2006). While these
facilities do provide water treatment, their primmgourpose is usually for flow
reduction. Hence they are not covered here. Wheise structures are used for water
treatment, it is assumed that the removal effigreman be approximated by
infiltration strips.

2.4.1 Raingardens and bioretention units

The US EPA (Clart al., 2004) states that bioretention is a very veesatighly
flexible, multi-functional method of treating stonater. The distinction between
raingardens and bioretention units is largely stthje and the terms are often used
interchangeably. In the literature, the lattemtes often used to describe smaller
housed units which may be isolated from surroungioig while raingardens refer to
larger devices constructed in situ. Both units aaihgardens may include pre-
treatment in a settling basin. Stormwater candwe/eyed to raingardens via swales
or infiltration strips. Unlike media filters, rajardens are often not lined allowing
some interaction with local ground water, which nse#hat there is a potential for
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deep percolation of contaminants reaching the béadbke raingarden. Raingardens
and bioretention units thus address the essenyidiotogical functions of natural
drainage systems including interception, evapopiaason, ground water recharge
making them versatile for water quality treatmeamd aunoff control.

The US EPA (Clart al., 2004, 1999 d) notes that as bioretention isidy faew
method of treating stormwater, there are few studieailable into water treatment
efficiencies. The work by Davis and colleaguedMaryland is probably the most
widely recognised internationally. Daws al. (1998; 2003) found that upwards of
90% of TSS and total metals could be removed byelgation. Davist al. (2003)
investigated bioretention of dissolved Pb, Cu andogth in the laboratory using two
specially constructed cells and two existing raidgas, one new (around one year)
and old (around 10 years). There were two labebemtion units of differing
dimensions (107 cm long x 76 cm wide, media deftteid, and 305 cm x 152 cm,
media depth 91 cm). Each box was filled with salodyn and planted with creeping
juniper. The field sites were different both ireithplanting and the filter media. In
each case, artificial stormwater was applied tostiéace of the bioretention units and
effluent collected. They found that both the lalol dield bioretention units were able
to retain nearly all the dissolved metals and that field raingardens can have an
expected lifetime of at least 15 years. Whileuefit pH, flow duration and density
and water quality were varied, these factors hitle impact on removal efficiency.
On the other hand, the depth of the media bed anfited removal and the best
removal rates were from deeper beds. However réh®val processes were not
discussed; hence it is not possible to deducediative contribution of bio-uptake to
removal. In a lab-scale test of bioretention uwiith a mixed medium of sand, mulch
and soil, Sun and Davis (2006) found that uptakenefals by plants is relatively low
compared to the retention in the medium. Reteritidhe medium is in turn related to
both the physical and chemical properties of thediom.

Raingardens are increasingly being seen in Newadea urban landscape in the
larger centres (see Section 2.8). In lab scaleraxents carried out with local media,
Zanderset al., (2003, cited in Taylor, 2005) and Taylor and &k (2006) tested a
number of substrate mixes including sand, pumicelches, scoria and soil. For
instance, Taylor and Simcock (2006) found a rarfgffiziencies for the different soil

types summarised in

Table 6 Generally, natural sandy soils and pumice saifggmed well whereas sand
and a blend of pumice, granular soil and potting mére not as effective and were
source of sediment. The pumice blend and graradéds were also sources of total
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Table 6

Cu. The natural soils removed upwards of 80% d&,T®% dissolved Cu, 80% total
Cu, and 98% each of dissolved Zn and total Zn.

Summary of removal efficiencies for lab trls of raingarden planting media
(after Taylor and Simcock, 2006).

TSS TCu D'Szodve‘j TZn Dissolved Zn
Sand (inert .53 16 89 83 94
control sample)
25 % Pumice +
25 % Granular
Soil + 50 % -181 -883 -6 46 85
Garden mix/soil
Recent Soil
(dune sand) 84 0 81 83 98
Pumice Soill 89 0 74 83 97
Anthropic Soil 3 -550 28 59 92

There have been two field studies of raingarderctfan in the Auckland region
carried out in recent years in North Shore Cityndi@are Research, Simcoekal.,
2007) and Waitakere City (NIWA, Reed and Pattins2®07). The findings of the
NIWA / ARC study has not yet been published, altifothe data was used to develop
the C-CALM raingarden / bioretention treatment mledudiscussed in the
accompanying paper (Semadeni-Davies, 2008).

2.4.2 Swales

Swales were originally used for stormwater convegaand have only recently been
adopted as a means of treating stormwater. Aatgrtti the US EPA (Clagt al.,
2004, US EPA, 1999¢e) swales are dry open channalshvare usually trapezoid in
cross-section and are broad and shallow to maxirttige wetted perimeter for
infiltration. Treatment is through a combinationsettling, bioretention, filtering and
local disposal of infiltrate. Swale design ran@esn traditional grassed ditches to
engineered channels which have had infiltrationaechd by the addition of a filter
bed and an under drain system. Swales are desigretdre stormwater temporarily,
allowing it to infiltrate into the base substraté/hile retained in the swale channel,
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particulates are able to settle prior to filtratiocBwales are usually grassed which aids
water treatment by slowing flow rates (i.e. inciegsthe surface roughness) and
filtering particulates, there may also be bio-uptadf nutrients. Planting also
stabilises the soil to avoid channel erosion. &rdsswales need mowing as part of
general maintenance so that flows are not unduigdried, though this can lead to
organics entering the stormwater system. Swaleotien used as an early stage in
treatment trains which convey stormwater from tloeirse to larger site control
devices. They are particularly common next to soad sometimes form part of the
roadside verge.

There have been very few studies about swale reneffiaiencies reported in the
literature. Those that are available suggest shatle length (and therefore storage
capacity and retention time) and infiltration capaare the most critical factors for
treatment. Fletchest al. (2002) carried out controlled experiments on swamoval
efficiencies for TSS and nutrients. TSS removabea from 73 to 93%, removal for
total N and total P ranged from 44 to 57% and 5820% respectively. Metal
removal was not assessed. Removal efficiency dsecewith increased flow rates.
In a later study, Deletic and Fletcher (2006) assgtshe performance of grassed
infiltration surfaces including a section of lawnAberdeen where flow was directed
down a channel formed by barriers set into the lawt a swale in Brisbane. Water
quality monitoring focussed on TSS; however, somgient analysis was also carried
out. The data was collected to test a physicalseld model for flow and removal of
sediments under controlled flow conditions. Attbeites, they found an exponential
decay in the concentration of TSS as it moved dtvwenchannel. The rate of decay
was related to the flow rate with lower flow ratessociated with the highest sediment
removal. The Brisbane swale showed removal eff@es of around 90% with an
inflow rate of 2 I/(s/m) down to 60 % for a low eabf 15 I/(s/m). In Aberdeen,
removal ranged from 33-87 % with an inflow ratedd3 I/(s/m) and reduced to 15-25
% with an inflow rate of 1 I/(s/m). Model calibran showed that the saturated
hydraulic conductivity of the underlying soil isitaal for removal as it controls
infiltration and therefore the volume of water reiag the outlet and the flow rate. At
the Aberdeen site, they found that the parameter tbabe recalibrated for each
experiement as the soil became clogged with sedgweimich could have implications
for the use of grassed surfaces for stormwatetmiezat. The value was measured in
Brisbane. They conclude that longer swales caexpected to have greater removal
efficiencies.
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Table 7

The US EPA (Claet al., 2004) has collated removal efficiencies fromuanber of
earlier reports (Barrett al., 1993; Scheulest al., 1991; Yu, 1993; and Yousefal.,
1985), their findings are summarisedliable 7

Swale percentage removal efficiencies for nge of stormwater contaminants
collated by the US EPA (Claret al., 2004)

. Nutrients Total Metals .
Swale Solids Oil and
length

TSS G
(m) ™ TP Zn Pb Cu rease

60 83 25* 29 63 67 46 75

30 60 -* 45 16 15 2 49

*Some swales, particularly the 30m systems show negligible or negative removal to TN

Backstrom (2003, 2002) investigated nine existiwgles in northern Sweden during
both rain and snowmelt events. Sediment removal mainly though settling and
was enhanced by trapping in grass. Removal dffigievas increased with swale
length and the infiltration capacity of the subtraWhile contaminant load removal
was not consistently high, the first-flush was eenout. Water quality was
monitored for four events at one of the swales wad found to have an average of
70% for suspended solids, 66% for both total amsdalived zinc and 34 % for total
copper. It was speculated that particulate md&ssing the swale were probably
bound to sediments <. However, the swale was a source of dissolvgghe&o
(-27%). It was noted that trapped surface sedimman¢ not permanently held in
swales and could be flushed during high flows ahdt tstorm water with low
contaminant concentrations could result in worseneder quality at the outlet.
Backstrom (2003) notes that during cold wintersalew are useful as snow dumps,
however, this can lead to by-pass of highly conterte@id melt water, especially if the
infiltration capacity is reduced due to ground fros

New Zealand

In New Zealand, Larcombe (2003) investigated tlwvflhydraulics and removal
efficiencies of a swale designed to the ARC critéiP 10, 2003). The objective of
the study was to give recommendations to the AR@iabptimum flow rates, slope
and grass length in grassed swales.
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The swale is located next to the Northern Motorlatween Orewa and Albany about
1 km south of Silverdale. The swale consists sti@low top-soil lined grassed basin
divided every 150 m by a drainage grate. A 100ngleection was isolated for the
trial and v-notch weirs constructed at either esrdmionitoring. Road runoff from the

motorway was diverted to the swale inflow weir.owlwas monitored from March to

September 2002 (20 events) and rainfall recordeditsm The grass length was
recorded throughout the trial period and it wasedathat the grass was mowed on
several occasions. Grass length varied betweewl 2&cm. Flow proportional water

quality samples were taken of both influent anduefit using ISCO automatic

samples. Samples taken by each sampler were teall@tto event composites, thus
the concentrations obtained can be considered semiaive of the event mean
concentration.

It was found that flow behaviour and water treattrdiffered for high and low flow
events. Unfortunately, during high flow events,tevaof unknown quality from
surrounding grassed areas flowed into the swaldatathe inflow exceeded outflow,
this meant that removal efficiency could not becchkited reliably. Indeed, the
contaminant concentrations often exceeded inflorinduthese events. For low flow
events, there was very little water loss due tidtiafion, and it was concluded that the
percentage mass reduction for stormwater contangnaas essentially the same as
the percentage concentration reduction. The reheffiaiency for TSS ranged from
77% to -107%, the latter result is could be anfacteof the problem with isolating
inflows rather than an indication of sediment fiugh Turbidity also showed
differences in water quality treatment between figt low flow events. Removal for
total metals ranged from 50-90% for Pb, 13-83%Qarand 41-96% for Zn. While
the efficiency was also least during high flowse #wale did not become a source of
metals. A possibility, not addressed by Larcon2@08), is that reductions in metal
concentrations during high flow events were duelitotion from the water flowing
from the swale side rather than water treatmeritthi¢ source of inflow did not
originate from the road but from soil surroundihg swale, then it could be expected
that this water could have high sediment concantratbut low metal concentrations.
Removal efficiencies are also reported for bactanié hydrocarbons.

2.4.3 Infiltration Strips or drain-fields

Infiltration strips differ from raingardens in th#tey are gently sloped and are not
designed to pool water on the surface. Theséitfasilare designed to infiltrate sheet
wash from either adjacent upslope impervious sadaor spread over the surface
using a piped conveyance system. Infiltratiorpstoften act as buffers between roads
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or car parks, and riparian strips and waterwaysr(&l al. 2004, US EPA 1999f).
They have also been used for conveyance to otkatntent devices in treatment
trains. They range from existing vegetated sldpemngineered systems consisting of
a back-filled pit planted with dense vegetationheTvegetation acts to trap surface
sediments and to attenuate flow. The overall rexh@fficiency is comparable to
swales. In fact, in designs where flow is deligees laterally sheet wash rather than
to a discrete inlet, swale side slopes can be dereil equivalent to infiltration strips.

Clark et al. (2007) cite a number of studies into the hydrayerformance of

infiltration devices including strips and drainils. These show that infiltration
capacity is affected by clogging and compactionlar @ al. (2004) state that the
efficiency of filter strips is inversely related tioe flow rate and is maximised by high
infiltration capacity. The rate of removal is anétion of the filter medium, length,

slope, soil permeability, size of contributing réinarea, particle size and settling
velocity, and runoff velocity. Under moderate flawonditions, they can remove
sediments, particulate contaminants and trace metaRemoval of dissolved
contaminants is due to infiltration of polluted rstovater into the soil where it is
retained by bio-uptake or sorption.

Gharabaghet al. (2001, cited in Clarket al., 2007) monitored the removal of TSS
from grassed filter strips. They found that a fllength of 2.44 m was able to remove
50% of the sediment but this jumped to 98% wherfldwe length was increased to 20
m. However, fines where not effectively remove®emoval of fines was increased
when infiltrations was improved by installationatirainage system.

New Zealand

In New Zealand, Zanders (2005) took samples oksulet vacuumed from a length
of gutter running next to a major intersection iarkilton (Cobham Dr / Normandy
Ave; 25000 vehicles per day). The site is subjeanonthly street sweeping. Both
PSD and heavy metal fractionation were analysediléMo testes were made with
filter strips, the physical characteristics of gedliments and associated heavy metals
were discussed in terms of the potential for radd gegetated strips to trap sediments
of different sizes and therefore particulate metals

Brough and Harrington (2007) presented the resdiltow monitoring and modelling
(MOUSE) through the Kirkwood infiltration basin @hristchurch which resembles a
dry pond. Stormwater from the 4.2 ha subdivis®nanveyed to the basin via swales
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which are at least 50 m in length. The basin atef two facing slopes or lobes
each taking stormwater from approximately half ke tontributing catchment area.
The system has been designed to retain runoff frarfirst 25 mm of rain and has
under drains which lead effluent to buried soakaggmbers below the basin. Excess
runoff by-passes to the chambers. As part of aunsempliance monitoring, grab
samples were made of influent, effluent and grouwatdwwhich were analysed for
hydrocarbons, Zn (total and dissolved), faecalfeohs and TSS. The samples were
also tested for TN, Nitrates, Cu (total and dissdjvand E. Coli. While water quality
monitoring for determination of removal efficienogquires more rigorous sampling
routines, the results can give some indicationa the system is behaving. It was
found that the concentration of contaminants initifleent and effluent was very low
and that there was little difference between the $ets of grab samples. Given the
low concentrations, it is possible that the implpEsbr removal efficiencies (e.g., 58%,
13 and 52% for TSS, TCu and TZn respectively) araréefact of the relatively good
water quality of the influent. That is, the concation was at an irreducible level.
Indeed, this is one of the reasons the InterndtiBi# Database warns against use of
percentage removal to quantify treatment efficiency

Ducker (2004) reported on removal of Zn from roofoff in a vegetated infiltration
strip located in Waitakere City. A down pipe coyweoof runoff from a 173 M
unpainted galvanised metal roof to the strip, fisvevened out over the surface using
spreaders. The existing building is 15 years oitth woofing material that appears
extensively corroded; the strip was constructeBécgember 2001. The strip is about
3 by 6 m by width and length and the medium is &G®lend of local topsoil and
sand. The strip is lined with geo-textile with dies a gravel filled drainage layer.
Effluent from the strip drains to a pond.

Grab samples of roof runoff were made to gain ezfee concentrations of dissolved
Zn. Effluent from a controlled constant applicatiof artificial stormwater (1200L of
1 mg/L Zn was pumped into the raingarden flow distion chamber at a constant
rate of 7.29 L/min) was sampled to determine rerhefficiency. Finally, soil was
sampled and vegetation harvested to determineatBeof Zn retained in the strip. The
flow experiment showed initially high concentragonf Zn in the effluent which
could be due to flushing of roof runoff (which hachigher concentration of Zn than
the artificial stormwater). Concentrations redutedbout 1/3 of the influent after 45
minutes and by the end of the 2 hour stormwatetiagion period, effluent had
concentrations very near the detection limit. Zespnt in the harvested grass samples
is significantly higher in the strip than in corteamples from other parts of the lawn,
and from Kikuyu grass collected from a rural ar@#is indicates some bio-uptake of
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Zn with root water. Zn concentration in the soibawvhighest in the first two
centimetres (approx. 800 mg/kg) and declined stgadith depth (100 mg/kg at 10
cm depth).

2.5 Street Sweeping

Street sweeping is a “good house-keeping” wateatrimient measure which aims at
removing accumulated gross debris, litter and @aediments before entry to the
reticulated stormwater network as wash-off andnsiraportant first step in water
treatment. Sweeping is widely practiced in New Ided (see Section 2.8) using
vacuum and regenerative sweeper truck technolo§weepers typically scrub the
road surface with water which is then sucked intwhling tank for disposal. Finer
sediments and associated contaminants tend to meomaithe road for subsequent
entrainment following rain.

The US EPA (Fan, 2004) reviewed the sources andrenaif sediments reaching
combined sewers in stormwater and noted the imphdatreet sweeping on PSD
which is summarised imfable 8 This report amalgamated PSDs and settling
velocities for stormwater particles from a rangesobirces including the US EPA
NURP study (Driscolkt al., 1986 — US EPA presentation of the Nationwide drba
Runoff Program), the Construction Industry Reseant Information Association
(CIRIA) in the UK and Pisano and Brombach (199%he latter presented the results
of several hundred solids settling curves for aewidriety of waste types (dry weather
flow, combined sewer overflow, stormwater, streelids, sediment scraping, pipe
slime) collected across North America and Germargr the last two decades. Fan
(2004) suggests that regular street sweeping f@anthly) can reduce TSS by 15 to
20% depending on the PSD. Ashley and Crabtree2j1fa®ind that larger particles
have the highest removal rates. Liebans (200T)ddhat street sweeping is effective
for removing sands but leaves fine sediments amtwutiwith the highest metal
concentrations.
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Table 8 Potential reductions of sediments in urbarstormwater due to street sweeping
(after Fan, 2004)

Particle Size | Effectiveness of street sweeping

(um) (% reduction)

>2000 80

>1000 70
>500 60
>250 55
>125 45
>62 30
>31 15

German and Svensson (2002) investigated the PSDnatel concentration of street
sediments collected in Gothenburg, Sweden, prioratal after sweeping and
sediments from the sweeper waste tank. As in tindies cited by Fan (2004), they
found that sweeping removed coarse sediments lgdinies available for wash-off.
The pre-sweeping fraction of sediments finer th&b ®nm was 26%, this increased to
40% after sweeping. They note that the heavy neetatentration of the sediments
was a function of the PSD with the highest con@imins associated with fines.
However, the largest fraction of metals was assediavith sand (0.125-0.5 mm)
which made up the bulk of the pre-sweeping PSeit site. This implies that even
though street-sweeping does not effectively remowetaminated fines, the bulk of
heavy particulate metals may still be removed ddpegnon the local fractionation of
the metals and PSD.

2.6 Catch-pits

Catch-pits are a standard component of most stotenweetworks and are variously
known as catch basins (especially in the UnitedeS}a gully pots or gully pits,

stormwater cesspits, kerb / curb inlets, and stram sumps. Their primary purpose
is to convey road runoff from the gutter to thaawhted network. That is, they are
the point to which stormwater s is concentrated dindharged to the reticulated pipe
network. Catch-pits consist of a drain inlet ce¢emwith a safety grate leading to
chamber or sump. A well designed catch-pit anchtaaied can retain up to 35-40%
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of the annual sediment load in stormwater (Pitt Bietd, 1998). However, sediments
retained tend to be coarse grained — typicallyha 250 — 200@um size range. Pitt

and Field (2004) measured the solids removal eWeoess of 100 catch-pits and
concluded that solids removal is principally a fume of the rate of incoming gutter
flow. Removal rates for TSS approach 45% wheninfiew is discharging less than
0.005 ni/s and is negligible for flow rates in excess df3®. n¥/s.

Fassman and Voyde (2007) found that the accumalatfosediment in a full size
acrylic test catch-pit designed to Auckland Citjteria reduced the storage capacity
of the sump thereby reducing detention time andirsgt Moreover, under heavy
flows, turbulence in the sump caused scour andspesision of accumulated
sediments leading to high TSS concentrations iflautwater. The degree of scour
increased with the depth of accumulation, thaths,depth of standing water, which
protects the sediment surface from the streamagning water (and turbulence), is
decreased.

2.6.1 Inserts

As catch-pits are the point of entry of stormwater the reticulated network,
installation of inserts to capture gross debris sgaiments has become a popular first-
line-of-defence for water treatment. While there ather types of catch-pit inserts
available, filter bags are the main type of inserthe market in New Zealand and are
becoming widely used, particularly in Auckland. rflexample, the North Shore City
Council website ttp://www.northshorecity.govt.ngstates that more that 300 bags
have been installed by the council since 1996.t &fatheir appeal is that they are
cheap to install and require no catch-pit recoesivn for retrofitting. There are
several brands available in New Zealand (e.g., i8peids, ConstructionPods, Ecosol
RFS 100).

The insert is designed to gravity filter sedimeautsl gross debris entering the catch-
pit and consists of a mesh cage or support frarspesued below the catch-pit grate
which is fitted with a fine weave geo-textile filtbag. Typically, the frame can be
adjusted in size to fit catch-pit dimensions. Poepose of the frame is to ensure that
bags are not washed away during high flows. Tigs lwame in a range of materials
and mesh sizes and can be removed and changedeRilanges extending from the
catch-pit inlet direct flow into the frame and peevt leakage into the sump. The by-
pass slots on the frame are designed to reducesthef wash-out or resuspension.
Even so, the US Federal Highway administration $hetet (website last visited on 11
Jan 2008) on catch-pit inserts states that duehe¢overy short contact time and
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potential for flushing of previously trapped matdsj treatment may be compromised
at higher flow rates. There is also a potentialdogging, hence the bags must be
adequately maintained and should be emptied antiéaad regularly — between 3
and 6 months. Hynds Environmental recommendsEhsairopod bags are changed
when they are 1/3 full.

Several studies into removal efficiencies are clietbw. The general consensus is
that they are reasonably effective for the rem@fajross pollutants (i.e., litter) and
coarse sediments greater than 160 Filter bags should therefore be installed at pa
of a treatment train rather than a stand-alonénrexat option.

Enviropods seem to be the most common filter balgaw Zealand and are available
from Stormwater360° (formerly Ingals), Hynds andnttis. They are widely used in
the Auckland Region and several local field and tiedting programmes have been
carried out. A lab evaluation of Enviropods, alowgh Flogard filter bags, for
Auckland City Council (Butleet al., 2004; McQuillan and Menzies, 2004) found that
both types of filter bag were able to remove 78866 of street sediments. Practically
all particles >10um were removed, however, the efficiency was onlydl30 % for
particles <10Qum. The testing was carried out at Auckland Uniipergsing a full
size model of a catch-pit with well defined stornresediment characteristics.

A comprehensive field investigation was carried lopthe Enviropod NZ Ltd (2001)
for North Shore City Council. A total of 294 Enmpods were installed around the
city grouped into representative street sub-catchsngTakapuna Beach, Lake
Pupuke, and Kaipatiki catchments, Browns Bay, BiHead and Milford). The sub-
catchments have different traffic and organic logdi Each area was supplied bags
with mesh sizes selected for the local sedimentacheristics — thus Takapuna (200
um mesh) had a coarser mesh than Lake Pupuke ()0 At the end of the trial
period which varied depending on the site and sediroharacteristics, the bags were
inspected to determine, amongst other factors, rémeaining capacity, degree of
clogging and evidence of overflow. Additionallyatarial collected in the filter bags
from Takapuna Beach, Lake Pupuke and Kaipatiki sa®pled and analysed for
moisture content, metal concentration, sediment B8® nutrients. The bags were
found to be effective at removing coarse sedimastdong as they were correctly
maintained. The PSD of retained sediments shohegdvthile the bulk of sediments
were >2800um, the Takapuna and Kaipatiki filter bags had 22.8%@ 26%
respectively of sediments <68n. On the other hand, only 2.6 % of retained
sediments at Browns Bay were <gf. Unfortunately, the incoming PSD for these
catchments is not provided and there are no cosgasiavailable between influent
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and effluent sediment or contaminant concentratidrence removal efficiencies
cannot be determined. Even so, the conclusionpidudiculate metals associated with
coarser sediments were effectively removed seeasonable.

The ARC commissioned am sSitu evaluation of an Enviropod (100m mesh)
installed in a catch-pit on Wairau Rd (Diffuse Sms Ltd, 2001). Flow through the
catch-pit was monitored for 213 days and influend &ffluent were sampled for
sediment concentration during eight storm eventdletal removal was not
investigated. The collected sediments were alstysad for PSD at the end of the
field trial. The removal efficiency for sedimenaried from event to event (between
49 and 95 %) with and average of 80% removal. &lent with the lowest removal
efficiency had high flows leading to by-pass. Thdk of sediments removed were
coarse, >10@um.

In addition to the Auckland evaluations cited abotlee Stormwater360° website
(http://www.stormwater360.co.zhas online reports on Enviropods from across
Australasia showing similar results (registrati@guired for downloads). Studies
from other parts of New Zealand could not be found.

Ecosol pttp://www.ecosol.com.guan Australian company, market a filter bag wvéth
200 um mesh similar to Enviropods, called the RSF 10@p{& Stormwater
Filtration). Ecosol provide downloads of repontsoi the use and efficiency of their
bags prepared by a number of local authoritiestistralia and state that the bags have
been installed at over 10 000 locations in Austrahd internationally including New
Zealand (e.g., Tauranga). Quoted directly on thveabsite are the results of
independent testing carried out by the Universify Smuth Australia (National
Australian Testing Authority accredited). The bags tested under lab conditions
using a full size rig of a catch-pit. They stabattthe bag can capture 95 % of
pollutants >1.5 mm and has a minimal hydraulic iotpan flows entering the catch-
pit. The results of the lab testing are summarisdable 9
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Table 9

Summary of lab evaluation of the Ecosol RF300 filter bag (evaluation by
University of South Australia, cited on Ecosol webite)

Contaminant Removal Efficiency- Description
(%)
Gross pollutants 95 Litter including cans, bqttles, plastic bags etc.
(generally >1.5 mm in diameter)
. Organics including leaves and grass clippings
Vegetation Up to 94 (generally >200 um)
94 >200 uym
Sediment 65 > 100 ym
53 > 50 um
TSS 65 Inorganic solids suspended in water
Total phosphorous 40 Bound to suspended solids and organics
Total Nitrogen 21 Organic and inorganic forms
Hydrocarbons Up to 20 Free floatlng_ oils that do not emulsify in
aqueous solutions

2.7 Porous Paving

There are two broad categories of porous pavingngalocks where water infiltrates
a porous infill between blocks; and permeable dsmineconcrete. Porous paving is
usually used as an alternative to normal pavingsfoall areas such as car parks.
There are two potential mechanisms for water treatmross of infiltrated stormwater
to groundwater recharge (i.e., local disposal); filtefing of infiltrated water in the
underlying substrate. Additionally, paving bloden be planted with grass as a form
of bioretention. The paving is underlain with arques substrate such as layers or
gravel or sand and may have under drains or aaéibetlining (i.e., trapping of fines
from percolating water) if potential groundwatemtamination is an issue. The US
EPA (1999q) issued a fact sheet on the installaimh maintenance of porous paving
using asphalt and concrete. The fact sheet nbtsctogging can be an issue and
paving needs regular maintenance (e.g., sweepirgios, water blasting) to ensure
continued removal. Clogging is a recurring themghie studies cited below. Porous
paving has largely been used as a runoff contrelsen®, and as can be seeff @ble

1, there are very few studies available about thefential for water treatment.
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Abbott and Comino-Mateos (2003) examined the hyldrsuwf porous paving blocks

overlying a layer of stone chips, both underlainabgeo-textile lining. The porous

paving formed the outer edges of a tarmac covesiegark. The system was found to
both attenuate flow and reduce peak volumes offfubat was prone to clogging by

oil and sediments. No water quality informatiomgigen.

Backstrom (2000) examined the ability of porousipgvo function hydraulically
during cold winters and measurech situ frost heave, ground temperature,
groundwater levels and runoff between 1994 and 19%ib tests in a cold room were
also carried out for a range of paving materidie found that porous paving is still
able to function when frozen though the infiltratioapacity may be reduced. No
water quality information is given.

Legret and Colandini (1998) carried out a long-tetody of porous asphalt situ in
Rezé, France. They found the asphalt can be m#eat trapping heavy metals (Pb,
Cu, Cd and Zn). After eight years of operationyéts found that particulates were
deposited in the upper 2 cm of the asphalt anddbatamination of underlying soil
was not significant and was confined to the fi8tcn of the soil. Approximately
10% of Pb, 60% of Cu and Zn and 85% of Cd infiichtvith stormwater to the geo-
textile and solil layers. Effluent from the undeaid had less than 3% of the influent
metal load. Also in France, Balades al., (1995) found much lower removal
efficiencies. Some 50-60% of heavy metals (Pb,a@d Zn) and suspended solids
were retained in porous paving. They did not finat the paving itself was able to
trap metals. However, clogging can reduce inflovb®% of the original rate after 2
or 3 years of operation. In a related study, Cdilsinet al., (1995) sampled the
material clogging the pores of pervious asphaltcwiwas analysed for PSD, heavy
metal concentration and fractionation and potemtietal mobility in order to gain an
insight into the interaction between heavy metald sediments in the paving. The
sediments were mainly in the sand fraction and wergaminated with Pb, Cu, Zn
and Cd. The concentration of the metals was linf@draffic intensity. Not
surprisingly, the finer particles had the greabastal concentrations.

Brattebo and Booth (2003) evaluated the long teenfopmance of four commercially
available porous paving products for both runoffitcol and water quality treatment.
In their study nine parking stalls in a car parkenhused for the study, eight were
paved in pairs with porous paving and the ninthecegt with asphalt as a control. The
stalls were isolated from each other to avoid stibsa horizontal flows and effluent
was collected from separate drains. The paving uase two brands of plastic grids
with intervening spaces filled with sand and twarafs of concrete paving lattice
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paving. Of the concrete paving, the first was alifi% impermeable, filled with soill
and planted with grass; the second was about 9Q8é¢rimeable and filled with gravel.
After six years in operation, the paving showedadhtomplete infiltration of runoff.
Flow was monitored for a total of 15 rain eventsl @omposite samples were taken
from the control and each paving trial for 9 evenWater quality was compared to
the runoff from the impervious asphalt stall. Téweface runoff from asphalt had
significantly higher concentrations of motor oili @nd Zn. No sample had detectable
diesel or Pb concentrations. The different bramidsaving had comparable results.
Water quality was compared to local quality craeriThe runoff over asphalt had
toxic concentration of contaminants for 97% of daenples. In contrast, 31 of the 36
effluent samples from the parking stalls with pa&@aving fell below toxic levels and
most samples had concentrations below detectaimésle They conclude that porous
paving offers long term water treatment for contsated stormwater.

2.7.1 New Zealand

In New Zealand, Taylor and Trowsdale (2005) asskaseumber of filter media for
use as substrates in combination with a commemmdaing blocks consisting of
artificial stone-chip aggregates. The work waseutaken for the Waitakere City
Council using a series of lab tests (note that sofitee tests had been carried out as
part of earlier studies but the methodology was sheme). The filter media tested
were: Yphagnum moss; wood askphagnum moss blended with wood ash; iron slag;
Patumahoe soil; zeolite; sand; and a mixture of, smmpost and iron slag. The
hydraulic conductivity of the pavers and the filtaedia were assessed as were the
removal efficiencies of the media for TSS and dis=db metals. The media were not
tested in combination with the pavers so the stcalynot give a true indication of
potential treatment. Iron slag was recommendethedest substrate option on the
basis of its hydraulic conductivity and removai@éncy (100% for Cu and Zn). The
Fphagnum moss and wood ash blend was recommended as adselvoice (97% of
Cu and Zn).

There has been a recent study on the suitabilitpasbus asphalt as a long-term
roading surface (Herringtoat al., 2007) and was found to have potential in New
Zealand. The focus on this report was on the &tratintegrity of the material, water
quality was not addressed. Transit New Zealangdlasning research into porous
paving as part of the Long Term Pavement Performdrogramme (LTPPP), but
information on water quality is not yet available.
http://www.transit.govt.nz/content_files/technitalPP-Brochure-2007.pdf
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2.8 Treatment trains

Treatment trains are conspicuous by their absenswimwater removal performance
literature. The idea behind treatment trains isambine treatment facilities designed
for different operational scales and target contamis to optimise water treatment. A
train combines two or more treatment facilities aondld typically include swales and

infiltration strips (source control) to convey ampde-treat stormwater for further

treatment in larger facilities such as filters oetwonds (i.e., site and catchment
control). It has already been noted above thatymasatment devices such as
raingardens and sand filters are often designel svitall pre-settling basins which

can be considered part of a treatment train — hewedte removal efficiencies for

these facilities usually include the pre-treatnianthe total so that the relative effect
of each component cannot be separated.

It is important to realise that treatment traingeéha profound effect on the hydraulic
loading of individual structures in the train andhtt flow reaching downstream
facilities will have reduced peak flows and totalumes, and attenuated flow.
Villarreal et al., (2004) demonstrated this by modelling flow ttgbua train of
stormwater control facilities in Malmo, Sweden. eTdevices where arranged in both
series and parallel and included open channelsngmofs, porous paving, a
miniature wetland, dry ponds, and a shallow wetdpohhe system was retrofitted for
flow control to disconnect stormwater from a conaginsewer in order to reduce
incidences of combined sewer overflow and baserfieaotling. The study showed
that linking stormwater control devices has theeptial to balance out water delivery
under even extreme rain events (e.g., the 10-yesigu rainfall) and it was estimated
that the occurrence of combined sewer overflow c¢due reduced by up to 75%.
While no water quality data were assessed as pahiostudy, other studies on the
individual devices in the train have shown thatytheve the potential to improve
stormwater (e.g., Czemiel-Berndtssaial., 2006).

There has been some work on modular treatment wiitsh resemble treatment
trains in miniature. The US EPA (1999h) evaludtelStormTreadl! system which is

a 2.9m diameter drum 1.4 m high sectioned intoladnd outer rim. The inner hub
contains a fabric filter bag and sedimentation dbens including surface skimmers
for pre-treatment. Effluent from the hub flowsthe rim which contains soil planted
with wetland vegetation. The system is designedsifoall contributing areas but can
be used for larger areas in parallel. Amongstratbataminants, the system is able to
remove 99% of TSS, 77% Pb and 90% each of Zn axdobgrbons. Pitet al.,
(1999) describe a small scale treatment trainagmsisting of a grit chamber for gross
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sediment removal, settling chambers and a peat msand filter for polishing. A
pilot-scale unit was tested at a car park with damgpover 13 events. The system
removed 100% Pb, 91% Zn and 98% for SS and paatealssociated contaminants.

In New Zealand, Simcockt al. (2006) carried out grab-sampling of the Landcare
treatment train in Tamaki. This system is fairljique in New Zealand and consists
of a permeable car park draining to an engineeeggtated swale and a raingarden.
The grab samples suggest high removal (90%) for, Ti&8derate removal of
dissolved Zn (67%) and low removal of dissolved @d%). It was noted that
proportionate sampling of stormwater quality ovevesal inflow events is required to
confirm these results.

It should be noted that the relative performanca dévice in a train would depend on
its position in the train configuration both due ttee up-stream effect on water
delivery (i.e., flow reduction and attenuationsp amater quality of other devices in
the train. Thus, even if treatment train inforroatwere more available, the results
would be very site specific and not open to gemsabn in a model such as
C-CALM.
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3. Phone Survey

A phone survey was undertaken to ascertain whatnent options are being used in
New Zealand and the level of knowledge of how wtbiese options perform.
Participants were given a brief description of @¥CALM project and were asked
which treatment options where used in their jug8dn and whether any treatment
efficiency monitoring had been carried out for #haptions. Finally, they were asked
if they would be interested in using a model likecCBLM and what modelling tools
(if any) they currently have access to. Each gigdint was then sent a copy of their
survey replies and a one page description of C-CAkdproduced in Appendix 1).
Most participants were positive about the survey stmowed interest in C-CALM as a
product they would use. However, no new infornmatim treatment efficiencies was
uncovered. The reply sheets are presented in Ajipen

All the Regional and Unitary authorities were agmtwed along with a selection of
territorial authorities (TLAs) covering the main ntees with the exception of
Auckland. The situation in Auckland is well knowno NIWA and stormwater

practitioners in the region have been contactelieeaegarding the availability of data
for C-CALM, hence neither the ARC nor TLAs were gggrhed for the survey.

Generally, Auckland, Wellington and Christchurclerseto be leading the country in
terms of take up of not only stormwater treatmargeéneral but devices which can be
considered low impact. Wet ponds, street sweepintgroad side swales are found in
most parts of the country while newer technologiesh as raingardens seem to be
restricted in their distribution to the main cestréMany of the ponds have not be en
designed for stormwater treatmgmet se and were originally constructed as sediment
basins during bulk earthworks. Some of the paudicis mentioned that LIUDD with
respect to stormwater has been discussed favourvatiyn their organisation and
developers are being encouraged to take up sulSkaineater practices. Indeed,
several participants noted that there are new dpuents planned in their area that
will have some form of treatment device.

There is very little information on treatment eiificcies in New Zealand and most
monitoring carried out is for consent compliancachhests effluent against set water
quality standards (e.g., ANZECC). Some regionsehadopted ARC stormwater
design criteria without adaptation to local coruatif.
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3.1 Survey questionnaire

Contact Phone
Contact person

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands

Raingardens

Bio-retention cells or
planters

Swales or infiltration
trenches

Street Sweeping

Porous Paving

Filters

Catch-pitinserts

Comments on water treatment in area.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Does your organisation already have access to stowater modelling packages?
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4. Recommendations for C-CALM treatment simulation

4.1 General assumptions

With the exception of sediment (and particulateazid Cu) removal from wet ponds,
wetlands and raingardens, C-CALM will simulate storater treatment according to
percentage removal efficiencies reported in therdiure. The review above has
revealed that removal efficiency of a particularstwater treatment option is highly
site and event specific and depends on the enveatahdrivers at the site (land use,
geology, topology, topography hydrology and climateater chemistry (e.g., pH) and
the type and design of the treatment facility. lger, most of the studies cited do
not contain information on the wider environmenreover, many of the studies
were laboratory based, particularly for filters,igfhmeans they are not representative
of field conditions. Developing a relationship sffie to locations in New Zealand
would require more information than is availabWhile it can be speculated that, for
instance, regions with fine sediments (e.g., Cthistch loess soils) will have less
successful treatment than areas with course setiptbere is not enough information
to quantify the reduction in removal efficiencyim8arly, rainfalls around the country
vary in frequency, intensity and duration — whiclil influence the design and
function of stormwater treatment facilities. Itositd be noted that several studies
provide data as an ensemble which means that penfgrstatistical analyses of the
efficiencies reported is open to possible bias.ndde C-CALM can only give an
indication of treatment.

In order to provide flexibility in the simulatiorf water treatment, C-CALM will offer
users a range of treatment efficiencies for eacharoinant and treatment option (i.e.,
optimal, average and poor) based on the efficisncited above. Users will be asked
to select the appropriate level of treatment adogrtba priori knowledge.

4.1.1 Particle size distribution

The PSD of stormwater sediments and its impact atemtreatment are detailed in
Semadeni-Davies (2008). C-CALM will offer a chomkfive PSDs to cover different
ranges of sediment sizes, each with five sedimieattsands initially containing 20%
each of the sediment loadgble 10. These have been scaled up and down form the
NURP (US EPA Nationwide Urban Runoff Program, Doiscet al., 1986) fall

velocity classes. Sediment size was calculatethuSiokes’ Law or Rubey’s equation
assuming spherical particles and a water temperatu0°C. However, due to the

44

C-CALM review of removal efficiencies



lack of data on sediment characteristics with resge water treatment in the
literature, removal efficiencies as a function lné tsediment particle size distribution
(PSD) will only be available in C-CALM for ponds énvetlands (where removal is
modelled as a function of fall velocity and theref®SD), street sweeping and catch-
pits. All other treatment options will assume thatliment removal is even across the
spectrum of sediment sizes. Similarly, the lacknédrmation on metal fractionation
with respect to water treatment means that it sumed that the load of particulate
metals is also split evenly across the five sedirbands.

Table 10 Fall velocities and PSD used to developelperformance rules (Semadeni-Davies,
2008)
Medium Grain - Fine Grain Medium Fine |Medium Coarse| Coarse Grain
Particle NURP Grain Grain
Band| Mmass in | Density*
stormwater | (kg/m®) |velocity | Grain | Velocity | Grain | Velocity | Grain | Velocity| Grain |Velocity | Grain
(%) (m/) | size | (m/h) | size | (m/) | size | (m/h) | size | (m/h) |size
(um) (um) (um) (um) (um)
1 0-20 1300| 0.009 4] 0.001 1| 0.005 3| 0.014 5 0.09 5
2 20-40 1600| 0.091 9 0.009 3| 0.046 6| 0.137 11 0.91 17
3 40-60 1900| 0.457 16| 0.046 5( 0.229 11| 0.686 20 4.57 37
4 60-80 2300| 2.134 29| 0.213 9 1.067 20| 3.200 35| 21.34 80
5 80-100 2650| 19.812 78| 1.981 25| 9.906 55| 29.718 96| 198.12| 380*

* Densities taken from CRCCH (2005)

** Calculated using Rubey’s equation

4.1.2 Metal Partitioning

The concentratignpartitioning and fractionation of metals are rethto the metal
source accumulation time between everarticle concentration and PSD and rainfall
intensity. This means that there is a high degfegriability in time and space.

Sansalonet al. (1995) investigated the hypothesis that heavy noetiatentrations are
significantly correlated to suspended solids cotred¢ions in highway runoff. Runoff
data from eight highway sites in the United Stated Europe were analyzed to test
this hypothesis and showed a strong positive catioel between heavy metals and
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suspended solids. This finding has implicationrsaieas with busy roads as traffic is
a major source of both sediments and metals imstater (e.g.particulate zinc form
tyre wear and tear). Lin (2003) found that Cu, Zn, As, Cd and Pb in urban rainfall-
runoff are primarily associated with particulatiest a significant proportion of As and
Cd can be found in the dissolved fraction. The afsenpainted galvanised steel as a
roofing material in New Zealand presents a probienstormwater quality as it is the
primary source of dissolved Zn (Timperleyal., 2004 c).

Metal mobility (i.e, dissolved fraction) increases with stormwater iicidnd varies
from site to site and from event to event.. Demgmeal. (1993) found that the pH of
stormwater was a major consideration for metal titgland that there is desorption
of metals originally bound to particles in suspensbver time. Howevelf the pH
remains above 7 (neutral — alkaline) particulataatseare fairly stable and can be
treated in stormwater devices which remove sedisneansalonet al. (1996) and
Sansalone and Buchberger (1997) too found thatImathility increases in acidic
stormwater. They looked at the partitioning of atetand solids in highway runoff
and found that metals partition into dissolved padiculate fractions as a function of
pH, pavement residence timand solids concentration. Results indicate thatCGH
and Cu are mainly in dissolved form while,Ffe and Al are mainly in particulate
form (cf. Lin, 2003 cited above). The dissolved metals exhilirang first flush, the
fraction of dissolved metals increased with dedrepsainfall, pH and increasing
average pavement residence time.

NIWA has carried out a number of programmes in megears which look at the
sourcestransport and toxicity of metals in Auckland starater (e.g. Timperleyet
al., 2004 ab and c). Samples from Richardson Rd showedpmdiculate Zn was 51
% of the total Zn load and the particulate Cu leasd 25 % of the total copper load.
Dissolved lead concentrations in natural watersuatally very low and this was also
the case for stormwater. The load for dissolveavBb only 2 % of the total lead load.
The proportion of particulate Zn seems to dropahit as sediments are transported in
stormwater before the metal is again absorbed orpaudicles. Generallyas
stormwater moves away from the contaminant squiee particulate fraction was
found to increase as metals became absorbed odimes#s. Furthermorethe
concentrations of Cu and Zn bonded to fine padidlecreases during transport.
However this picture is complicated as metals bound tdiglas at the sediment
source can be released into stormwater. Heatdeast initially the dissolved fraction
of metals can increase before decreasing. This &inmelationship seems to be fairly
unique to Auckland (or has not been examined ofasiebther locations).
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Metal partitioning has been invested at NIWA forigas sites in Auckland city and
detailed analysis of metal partitioning has beemiazh out for stormwater samples
from Oakley Creek, Richardson Rd. (e.g., Timper&tyal., 2003; 2004; 2005).

Timperleyet al. (2004) explored the theoretical relationship betwsediment size,

SSA and metal sorption. The theoretical relatigmshmetal content and particle size
was then tested for Zn with rather surprising rssul

» there seems to be only a weak relationship betveeeiiment size and Zn
content, the form of this relationship changeshassediment moves through
the urban stormwater system from streams to estuari

* the proportion of particulate Zn seems to dropialijt as sediments are
transported in stormwater before the metal is agaibhed on to particles.

Generally, as stormwater moves away from the cangmh source, the particulate
fraction was found to increase as metals becamerladd onto sediments.
Furthermore, the concentrations of Cu and Zn bonedine particles increases
during transport. However, this picture is comgied as metals bound to particles at
the sediment source can be released into stormwaience, at least initially, the
dissolved fraction of metals can increase beforedesing. Timperlegt al. (2004)
refer to this characteristic drop in the particeldtaction followed by a rise as
stormwater flows through Auckland’s stream netwiorlestuaries as “U-shaped”.

Timperley et al. (2005) examined sources of dissolved and partieutaetals in
Auckland stormwater in order to model metal load3rimary sources were roads
(increasing with traffic counts) and roofs (esplgian); other sources listed include
soils and building walls. The data accumulatedré@d runoff was used to develop
high temporal resolution models for sediment andamiads from this source.
Particulate metal concentration was modelled usirggmple accumulation wash-off
model whereas dissolved metal content was foundbdorelated to the mass
concentration of particulate metals with respecseédiment (i.e., mg/kg) rather than
the volume concentration (i.e., mg/l). Thus, thesdlved metal concentration in
contact with sediment containing, say, 1000 mg &fymetal, would always be about
the same irrespective of how much of the sedimexst prvesent. This allowed them to
use simple linear regression to determine the tisgolved Zn and Cu.

Timperley (personal communication, 2008) estimétas for road runoff in Auckland,
the dissolved proportion makes up around half eftdtal Zn load and 75 % of the
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total Cu load. The load for dissolved Pb was dhBb of the total lead load. On the
basis of the ARC rooftop metal source study (TP, 2083), Timperley states that the
dissolved fraction for both Zn and Cu is around 9%%xroofs, which reflects the fact
that sediment yields are low. Finally, Timperlesimates the dissolved fraction from
permeable surfaces (i.e., soils) to be around %fd, the metal concentration from
these surfaces are indicative of the environmdiatekground signal.

Also in Auckland, Bibby and Webster-Brown (2005yqmared the concentration and
partitioning of Cu, Zn, Mn, Fe and Pb in urban amal streams. Sediments from the
different catchments were characterised by the& and physical properties into four
groups: fine inorganic grains which make up a sedimmatrix (<2um); angular
crystals set in the matrix (1-20m), agglomerates (1-50m) and diatoms or other
organic materials (5-5@m). The type of sediment found in the differenichanents
was related to catchment size and geology ratlaer fdnd use. Little difference was
observed between the ability of the non-urban Wailkeand Kaipara River sediments
and urban catchment sediments to adsorb trace snetdbwever, the trace metal
concentrations in the water column of the non-uris@ams were significantly lower
than in urban streams irrespective of flow or seditclass. Furthermore, they found
no clear relationship between Zn, Cu and Pb conténthe sediments and the
sediment concentration which they suggest indicttas the metal content of the
sediment is related to landuse. Within the urlethisatchments, the ratio of dissolved
to particulate metal concentrations varied betwsies. For instance, the East
Tamaki site, which has higher pH compared to o#ims, had higher binding rates
and therefore particulate metal contents.

The uncertainty surrounding contaminant partitignimas great implications

modelling within C-CALM given the requirement forsanple national model. Water

chemistry is demonstrably complex with spatial tardporal variation and there is no
clear guidance in the literature. The relationshgtween water pH and metal
partitioning has already been discussed with rafsreto ponds and wetlands in
Section 2.2. Other factors include the type (egganic content and structure), PSD
and concentration of sediment and the retentiore tiof the contaminants in

stormwater as well as stormwater salinity and rexmditions.

Bibbey and Webster-Brown (2006) demonstrate thepbexity of physically-based

modelling of partitioning. They used simulationaatool to understanding binding of
trace metals in Auckland urban streams comparedired catchments in the region
(see Bibbey and Webster-Brown, 2005, cited abov&éhey used a diffuse-layer,
surface complexion model to estimate the relatnapg@rtions of dissolved, absorbed
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and precipitated phases of Zn, Cu and Pb. The hadbievs for the electrostatic
influences of charged surfaces in the surface ceximy reactions between trace
metals and amorphous metal oxides. Under the gyimg assumption that Fe-oxide
was the only adsorbing surface they showed goodeaggnt between observed and
modelled adsorption for Pb, indicating the impocearof Fe-oxide surfaces for Pb
adsorption. However, the model did not predictdnCu adsorption as well. The
total organic carbon content of the sediment arqnce of dissolved ligands and
organic matter in the water column appeared to @ayimportant role in Cu
adsorption. For Zn, the presence of adsorbingasas other than Fe appeared to
influence adsorption. They also found that pH &ageat influence on binding. On
the basis of earlier work (Bibbey and Webster-Brp005, cited above), they
postulated that changes in flow rate which chahgecbomposition of urban sediments
could also change the partitioning of trace met&snilarly, seasonal changes in pH
and organic content could be a factor in partitigni

More simply, Johanssoet al. (2001) reviewed a number of studies which model the
particulate fraction of various dissolved substanéeund in lakes according to
statistical relationships between partitioningaatand water chemistry and sediment
variables such as pH and organic content. Fortipehcpurposes, the ratio of
particulate to dissolved concentrations with respe¢he sediment concentration can
be used to derive a partition coefficient K suchtth

C

K=—2— Equation 1
S$PM C,

where SPM is the suspended particulate matter otrat®n in mass dry weight per
volume (kg/l), Cq is the dissolved concentration (kg/l) a@ is the particulate
concentration (kg/l). PhysicallyK describes particle affinity and represents the
chemical equilibrium of numerous processes sucsogstion onto particulate matter,
precipitation and dissolution. K is not constant avaries with the factors given
above.

Given the simplicity of the C-CALM model which wilelate total annual metal yields
empirically to the type of surface associated w#hduse, it is suggested that a
statistical relationship derived from stormwatewfland water quality data collected
by NIWA in Auckland between 2001 and 2003 (data mamsed inTable 1) be
used. The catchments have a range of land usleslimg predominantly park (e.g.,
Motions), industrial (e.g., Onehunga), residen{mly. Cox’s Bay) and commercial
(e.g., CBD). The data come from a variety of sesrincluding stormwater and
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Table 11

combined pipes and urbanised streams draining staten - this could lead to both
higher sediment concentrations (e.g., channel aadebosion) than may be expected
from stormwater and dilution (i.e., mixing with a&m baseflow) of the contaminant
concentrations transported to the streams. Theseatso be desorption or absorption
of metals in stream. None-the-less, the method giae an indication of the
relationship between sediment and total metal Iaaus$ partioning with the caveat
that other regions may have different relationshig can be used in C-CALM as
data become available.

Summary of water quality data collected inAuckland catchments by NIWA
between 2001-2003

Commercial Residential Mixed

CBD Cox's Meola Mission Remuera | Motions Oakley

Bay Bay Creek Onehunga

Number of

162 60 71 177 72 110 182 138
samples

A relationship was found using multiple linear reggion with total metal and TSS
loads (calculated as the product of concentratrmhiastantaneous stream discharge,
I/s) as predictors for the particulate metal lodtle dissolved fraction is then the
particulate metal load subtracted from the totatlloRegression analysis was initially
carried out for each catchment separately, andag moted that the equations were
very similar; hence the data was pooled into alsigalysis. Some 972 samples
were available for the regression. The interceps wet to zero. The coefficient of
determination (R was 0.97 for Cu and 0.96 for Zn. The recommemnédationships
are given in Equations 2 and Bigure 2shows the degree of fit between the observed
and predicted loads instantaneous particulate noetds. The low coefficient for TSS
in each equation is indicative of both the relativéerence in the magnitude of TSS
and metal concentrations (around 1000 times fora@ai 100 times for Zn) and the
different sources of sediments with respect tortletals from the catchments. The
scatter is due to the different environmental cboé both between catchments and
events. According to equations, low TSS load wét$pect to the total metal load will
result in a higher proportion of dissolved metal &ite versa.

PCu = 0778TCu + 274x10°TSS Equation 2

PZn = 0554TZn + 0.00423TSS Equation 3
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Figure 2

Predicted PCu (g)
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Observed and predicted particulate instaraneous metal loads for Cu and Zn.
Loads were predicted using a regression equation deed from Auckland
stormwater quality data collected by NIWA. The oneto one lines are given for
comparison.

The problem with Equations 2 and 3 is that theistieal relationships do not fully
capture the physical scenario. For instance,7#210° TSS > 0.222TCu, then the
particulate copper predicted by Equation 2 willeed the total copper. Similarly for
Equation 3; if 0.00423TSS > 0.446TZn then the particulate zinc exceeds the total
zinc. To rectify the problem, the metals are nantiponed as follows. Conceptually,
since particulate metals tend to bind to sedimeon®, would expect a correlation
between TSS and the proportions of particulate IgRCWTCu and PZn/TZn).
Plotting the proportions against the TSS concentratboth appear to have a
hyperbolic relationship with asymptotesREWTCu = 1,PZn/TZn = 1 andTSS= 0.
Equations predictin@Cu andPZn from TCu, TZn andTSSwere determined by fitting
hyperbole:

PCu :TCu(O.1384+ 084615
a+TSS
PZn=TZn TSS
b+TSS

with constantsa = 37.6131 g/ifi5min andb = 21.5864 g/fi5min. Note that these
constants must be scaled up or down accordinglypdtch the unit offSS.  Using
these equations, the particulate metal contentneillexceed the total metal content.
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4.1.3 Metal fractionation

There is also much debate around the fractionatioparticulate metals (i.ethe
relative proportion of metals found in each paetisize range). What is not disputed
is that metal fractionation is theoretically rethte the sediment surface area available
for bonding. The conventional wisdom is that theaber the particleghe greater the
specific surface area (SSAe., surface to mass ratio) and the potential for rsetal
bond to them. Howevecontaminant load also depends on the PSD whidrmdéates
the mass and total surface area (SA) for eachcpmrtize fraction. Moreover
examination of particles under electron microsc(gg, Lin, 2003) has revealed that
coarse grains have a fractal dimension with infepmae spaces and surfaces for
bonding. The metal load for a particle size framtis the product of the suspended
solids metal concentration and the correspondirdingnt mass. Therefardigh
particulate metal loads can result from either higdtal concentrations and moderate
sediment mass or moderate metal concentrationshighdsediment mass. Thua
PSD with a large proportion of coarse sedimentddcawean that the highest metal
loads are associated with sands rather than sittsckays despite the greater SSA of
fines.

Characklis and Wiesner (1997) and (Dietgal., 1999) both found that the highest
metal loads are associated with fine sedimentyd_land Wong (1999) compared
literature values of Zn fractionation for AustralilsA and EuropeT@able 13. They
conclude that even though the Zn concentrationighdst for the smallest size
fraction the load is well distributed across the partidglee gange for the USA and
Europe. Howeverin Australia where the sediments are more finely gradbe
greatest Zn loads are associated with the parfietssthan 4@m.

Table 12 The mass of Zn related to the size distnittion of particles (collated by Lloyd and
Wong, 1999).
Australia USA and Europe
Particle size fraction % of solidsin | Znmass | % ofsolidsin | Zn mass
fraction (mg & %) fraction (mg & %)
360 135
<40 ym ~ 900 mg/kg 40 (65%) 10 (29%)
150 150
40-250 ym ~ 300 mg/kg 50 (27%) 50 (32%)
45 180
>250 ym ~ 450 mg/kg 10 (8%) 40 (39%)

C-CALM review of removal efficiencies 53



Timperleyet al. (2004) compared the theoretical relationship betwssdiment size,
SSA and metal sorption with the fractionation of fdand in sediment samples from
Oakley Creek. They found only a weak relationdhween sediment size and Zn
content close to source, but the form of the reteinip changes as the sediment
moves through the urban stormwater system fronastseto estuaries. That is, the
metal content of the fine sediment classes incrkas®e sediment is transported
downstream. This is both due to sorption ontorsedis during transport and settling
of coarse particles.

Lin (2003) cites several studies which concludd tha relationship between metal
content and sediment size is at best weak. Saresatoal. (1998) presented a
granulometry-based analysis where the total spactiiparticles in stormwater was
collected. They found that higher proportions @ntaminants bound to coarse
sediments largely due to the relationship betwe8A, SA and particle size fraction
discussed above.

C-CALM SDSS will make the simplifying assumptionaththe fractionation of
particulate metals is proportional to the PSD. tTifathe total particulate metal load
generated will be split proportional to the to geliment size classes. This implies
that a reduction of 20% in the mass load of firedirments will be met with the same
reduction in the mass load of particulate metato@ated with that sediment band.
Indeed this is the assumption currently made by the ARGIC

4.2 Ponds and Wetlands

The removal of sediments and associated particaiatals in wet ponds and wetlands
is simulated in C-CALM based on local flow rateasim dimensions and PSD, and is
discussed in Semadeni-Davies (2008). Removal psesefor dissolved metals are
more complex and, as well as detention time, depmmdvater chemistry of the
stormwater and stored in the wet basin (especiafly, the degree and type of basin
vegetation and the type of micro-flora and faunaspnt. This means that simple
conceptual modelling is not possible for the digedl fraction. Instead, it is
recommended that the efficiencies be taken fronliti@ture.

From the discussion above (Section 2.2) @adle 1andTable 3 it seems reasonable
to assume that stormwater treatment in ponds arithwads is comparable. While
there is some evidence that wetlands may offeeasad removal of dissolved metals
over wet ponds, the degree of difference is inagiee, hence, the two treatment
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Table 13

options are given the same efficiencies. Few efgtudies cited provided removal
efficiencies for dissolved metafgr se with most reporting total metals - hence the
efficiencies for C-CALM provided iMable 13are open to interpretation. Generally,
ponds and wetlands have higher removal efficienitieZn than Cu, though the range
is greater.

Recommended C-CALM wet pond and wetland peentage removal efficiencies
for dissolved Cu and Zn.

parti;:rjit:rr]w?etals Dissolved Cu Dissolved Zn
Low Simulated 40 20
Medium Simulated 50 40
High Simulated 60 80

4.3 Filters

Section 2.3 showed that the removal efficiency ofil®r depends on both the
retention time and the type of medium in the filteed. The retention time is
determined by the inflow rate, the dimensions &f fitter bed and the porosity (i.e.,
storage capacity and hydraulic conductivity) of thedium. Removal of sediments
and associated contaminants is mechanical (siemirngsettling within pore spaced)
whereas removal of dissolved contaminants is ctamievhile sand, which is cheap
and readily available, continues to be a commonimnedhere has been a tendency to
blend other materials such as compost, peat, mo$s coat the sand in a sorbent
material. Other commonly used filter media inclwdeod products, zeolite, pumice,
fly ash and slag — all of which have different @ffincies. Most of the studies reported
evaluated removal efficiency using laboratory calutests though there has been
somein situ studies. The efficiencies for different media tymre summarised in
Table 14

Table 15gives the recommended removal efficiencies forinsge-CALM, the wide
range is indicative of the choice of media. Itaissumed that the filter is sized
correctly for the inflow volume and flow rates.
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Table 14

Summary of removal efficiencies for filtes

— collated from studies cited in

Section 2.3.
ARC Farm Hatt et Taylor Nanbakhsh Pandey et Taylor and | Trowsdale
TP10 al. etal. Pandey etal.
@003) | (092) | o007y | (B006) | 506y | @-(2005) | 5005 (2006)
Zeolite Sphagnum | Sphagnum
. . moss and | moss and Local
Medium Sand and Gravel | Slags Soils ;
opoka wood ash woqd ash | materials
(lab) (field)
TSS 75 - - - 66-70 - 93 -
TCu 75 - 62 - - - 90 -
Dissolved - 38-89 - | 85-96 - >94 -17 >93
Cu
TZn 75 - 38 - - - 64 -
Dissolved - 53-97 - | 48-98 >94 24 >03.
Zn
Table 15 Recommended C-CALM removal efficiencies fdilters.
TSS and particulate Dissolved Cu Dissolved Zn
metals
Low 60 40 20
Medium 75 70 60
High 95 95 95
4.4 Vegetative Bio-filters
There are three broad categories of vegetativdilbéos: raingardens / bioretention,
swales and infiltration strips. The removal preess of these facilities are a
combination of local disposal of stormwater (i#eep percolation to groundwater),
biological up-take via plant roots, and mechanaadl chemical filtering in the soil
bed. Thus removal efficiency depends on the flbaracteristics of the site, including
retention times, by-pass and under-drainage, tlysigdl and chemical characteristics
of the soil and the biological activity.
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Table 16

4.4.1 Raingardens and bioretention

The removal of sediments and associated particuiadeals in raingardens and
bioretention is simulated in C-CALM based on lodWw rates, by-pass and
raingarden dimensions, and is discussed in Semdenes (2008). Like the case for
wet ponds and wetlands, removal processes for [dexssanetals are more complex
and cannot be adequately modelled given the lacldaih available for model
development and calibration. Instead, the reconde@refficiencies iMfable 16have
been taken from the literature. The studies regoih Section 2.4.1 show that
depending on the planting medium, the facility d@na source of contaminants or
remove nearly all dissolved metals.

Recommended C-CALM removal efficiencies faaingardens and bioretention.

TSS ar;;jert);rsticulate Dissolved Cu Dissolved Zn
Low Simulated 20 30
Medium Simulated 50 60
High Simulated 95 95

4.4.2 Swales and Infiltration Strips

There are very few literature studies of swales mnfiltration strip which assess
removal efficiencies rather than concentratingloWfcontrol and hydraulics. Given
the similarity in the removal processes of the tyues of bio-filter, especially when
planted with grass, and the similar removal efficies reported, it is assumed here
that they offer the same level of treatment; inagah the longer the flow path and the
greater the infiltration capacity of the soil, tlgeeater the removal efficiency.
Recommended removal efficiencies or use in C-CAL given inTable 17 Other
bio-filter types such as infiltration trenches agr@en-roof are assumed to have the
same removal processes and thus can treatmentecapgdyoximated in C-CALM
using the efficiencies ifiable 17
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Table 17

Recommended C-CALM removal efficiencies feswales and infiltration strips.

TSS and particulate Dissolved Cu Dissolved Zn
metals

Low 50 5 10
flow path < 20m

slow inflow rates

Medium 60 40 60
High 90 90 90
(flow path > 50m)

high inflow rates

4.5 Street sweeping

According to the phone survey, street sweepingrésticed in all the main centres
around New Zealand.Table 18gives removal efficiency for the C-CALM PSDs
calculated using a logarithmic relationship betwessdiment size and removal
efficiency determined from the data provided in 2004, seelable 1§. It is
assumed that street sweeping is regular. Stree¢pEng is assumed not to remove
dissolved metals.

4.6 Catch-pits

The location of catch-pits in gutters means thétisg of coarse sediments in sumps
is a first step in water treatment. Removal depemn the flow rate and the storage
capacity (i.e., sump depth less settled accumukgdidnents). There has been a move
in some of the main centres around New Zealandseoaatch-pit inserts (i.e., filter
bags) to improve sediment trapping, though fines rast captured. Catch-pits and
inserts are unable to treat dissolved metals. cktwh-pits with no filter bag, C-CALM
will only allow reduction of the coarsest sedimérg., 40% removal for sediments in
the 380 um size class). Recommended removal efficiencigmrs¢ed into the
C-CALM sediment size classes are givefable 19
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Table 18

Estimated removal efficiencies for TSS (@hassociated particulate Zn and Cu) for street sweeng as a function of PSD

presented inTable 10(based on data presented by Fan, 2004)

Medium Grain - NURP Fine Grain Medium Fine Grain Medium Coarse Grain Coarse Grain
I
a Velocity GF"’“” Removal | Velocity Gfa'” Removal | Velocity Gfa'” Removal | Velocity G'.’a'n Removal | Velocity Gfa'” Removal
(m/h) size %) (m/h) size (%) (m/h) size %) (m/h) size (%) (m/h) size (%)
(Hm) (Hm) (Hm) (um) (Hm)

1 0.009 4 0 0.001 1 0 0.005 3 0 0.014 5 0 0.091 5 0
2 0.091 9 0 0.009 3 0 0.046 6 0 0.137 11 5 0.914 17 10
3 0.457 16 10 0.046 5 0 0.229 11 5 0.686 20 15 4572 37 20
4 2.134 29 20 0.213 9 0 1.067 20 10 3.200 35 20 21.336 | 80 35
5 19.812 | 78 30 1.981 25 15 9.906 55 30 29.718 | 96 40 198.120 | 380 60




Table 19

Estimated removal efficiencies for TSS (ahassociated particulate Zn and Cu) for catch-pitsvith filter inserts as a function
of PSD presented inrable 10

Medium Grain - NURP Fine Grain Medium Fine Grain Medium Coarse Grain Coarse Grain
I
a Velocity GF"’“” Removal | Velocity Gfa'” Removal | Velocity Gfa'” Removal | Velocity G'.’a'n Removal | Velocity Gfa'” Removal
(m/h) size %) (m/h) size (%) (m/h) size %) (m/h) size (%) (m/h) size (%)
(Hm) (Hm) (Hm) (um) (Hm)

1 0.009 4 0 0.001 1 0 0.005 3 0 0.014 5 0 0.091 5 0
2 0.091 9 0 0.009 3 0 0.046 6 0 0.137 11 0 0.914 17 0
3 0.457 16 0 0.046 5 0 0.229 11 0 0.686 20 0 4572 37 0
4 2.134 29 0 0.213 9 0 1.067 20 0 3.200 35 0 21.336 | 80 60
5 19.812 | 78 30 1.981 25 0 9.906 55 20 29.718 | 96 60 198.120 | 380 90




Table 20

4.7 Porous Paving

The phone survey found that porous paving is notroon in New Zealand. Porous
paving that does exist is primarily in car parkiteio on private land. While there has
been a study on filter media that can be used imuoation with porous paving

(Taylor and Trowsdale, 2005), no logalsitu studies were found. The international
literature has concentrated on use of porous pdeinfiow control and there are very
few water quality studies. Water treatment is anlsmation of local disposal and
filtering in the paving material and underlying striate. Hence, removal efficiency is
dependant on the rate of infiltration and is reduoeer time by clogging which

causes by-pass. The studies cited similar remeffialencies for TSS, dissolved and
total metals respectively but varied in their remloefficiencies. Recommended
removal efficiencies or use in C-CALM are givenliable 20

Recommended C-CALM removal efficiencies fgporous paving.

TSS and particulate Dissolved Cu Dissolved Zn
metals
Low 25| 25 25
(clogged)
Medium 60 | 60 60
High 95 | 95 95
(new, high infiltration)

4.8 Treatment trains

Treatment trains cannot be represented explicitihisv a generic model such as
C-CALM as each element in the train influences th&e and volume of inflow
delivery, and influent water quality of the nex¢émlent. The pragmatic approach is to
follow the same method as the ARC Contaminants Hoseot Load (CLM)
spreadsheet model where removal efficiencies feicds in the train are multiplied
together. The caveat is added that this could tea@dnservative estimates of removal
efficiency.
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C-CALM description

Contact:: Annette Semadeni-Davies, NIWA
Stormwater Engineer, NIWA
a.davies@niwa.co.nz
(09) 375 4532

NIWA is currently developing a spatial decision pap system to estimate annual loads of suspended
sediments, copper and zinc from urbanised catctemefhe working name for the tool is C-CALM
(Catchment Contaminant Annual Loads Model). Thagqut is being carried out under subcontract to
Landcare Research and is funded by the FoundaiioRdsearch Science and Technology in response
to a need for a standard tool that can be usedelgjoRal and Territorial governments to determiree th
impacts of urbanisation on local receiving wates. workshop for stormwater managers held by
NIWA in June 2006 established the need for suaoh tThe delegates came from around the country
and stated that operational urban drainage modetently used for stormwater and contaminant
flows (e.g., MUSIC, SWMM, and MOUSE) are too demiaigdof data requirements, set-up and run
times and user expertise for this purpose. Thegifipd that the model should be simple and intaiti

to use with minimal data needs (preferably in arfar already used by the authority) and data
handling requirements. Delegates also statedthieaproposed model should be developed within a
Geographical Information System (GIS) to enable-geunalisation of contaminant sources and sinks
both to aid decision making and to improve commaitidn with other stakeholders.

C-CALM will use the Auckland Regional Councils spdesheet annual contaminant loads model as a
basis for load estimation dependant on land usesarfdce type. This relates contaminant loadheo t
surfaces present in a model spatial unit and tlaive areas of those surfaces. The current misdel
spatially lumped, must be run separately for eaodehunit (most often stormwater sub-catchments)
and does not allow model units to be linked. C-GAkiIms to be applicable across the country and
will provide tools for the creation of future lande scenarios. We have decided to use ArcMAP as
the platform as this package is widely used in M@aland. One of the main innovations of C-CALM
is that it will have variable stormwater treatmesiticiencies to reflect the fact that contaminant
removal is a function of treatment device size dedign, sediment particle size distribution, metal
partitioning and catchment characteristics. Totldis requires as much local knowledge about
treatment devices in use in NZ and their relatifieiencies as possible.

C-CALM is being developed as a planning tool foe ussituations like the following:

. Consents put forward by developers for new subsghiwis, industrial parks or shopping
precincts must be evaluated for possible impactscal receiving waters.

. A pollution sink has been identified in a localuesly and the TLA is required to find the source
and remedy the situation using appropriate stormmtatatment devices.

. The Regional Authority requires ICMPs to be upddtedany new development.

In each case, users need to know the long-term dmpé land use change and stormwater
management on receiving environments. They needrformation quickly and do not have the
resources available for explicit modelling in anedional model. It is for this type of basic
application that C-CALM is being developed.

Depending on data availability, treatment devicebe included in C-CALM are detention basins (i.e.,
wet ponds and wetlands), media filters, raingarderd bioretention units, swales, infiltration sgip
catch-pit inserts and porous paving. C-CALM ishpled for release in 2009.
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Northland Regional Council (Whangarei)

Contact Phone(09) 438 4639 -Riaan Elliottianne@nrc.govt.nz

Do you use any of the | Has you carried out any

following treatment | studies into the efficiencies
options? of these options?
Ponds or wetlands Mostly  sediment  control | N

ponds from  construction
phase that have been
retained in new developments

Raingardens 1 (swimming pool carpark) A comparative study with a
shopping mall (Warehouse)
carpark is planned.

Bio-retention or planters N N
Swales or infiltration Numerous sites such as | N
trenches Mangawai

Street Sweeping Whangarei N
Porous Paving N N
Filters N N
Catch-pit inserts Filter bags are encouraged | N

for temporary use

Comments on water treatment in area.

No reports yet but there has been some compliaecétoning of stormwater systems
which have not been written up. The NRC reliesviigan information from the
ARC.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes

Does your organisation already have access to stowater modelling packages?

No but there has been some contract work by cargsit
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Environment Waikato (Hamilton)

Contact Phone H0800 800 401
Nick Kim direct: 07 859 0710 (nick.kim@ew.govt.nz)

It was noted that Hamilton is the primary urbanaaa@d much of the region’s focus
regarding water quality is agricultural runoff (¢.gn from facial eczema treatment
and nutrients from dairying).

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?
Ponds or wetlands Many examples N
Raingardens One or two N
Bio-retention cells or Maybe N
planters
Swales or infiltration Rural roads rather than city | N
trenches streets
Street Sweeping Probably N
Porous Paving Yes, some car parks N
Filters Some filters for industrial | N
effluent, but not for
stormwater
Catch-pit inserts Maybe N

Comments on water treatment in area.

Monitoring is for consent compliance where effluarter quality is checked against
standards.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes, but Nick was unsure how C-CALM could be usgdElv.

Does your organisation already have access to stowater modelling packages?

No
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Bay of Plenty Regional Council

Contact Phorne0800 368 288 ext 9439
Paul Scholes (pauls@envbop.govt.nz)

Do you use any of the

Has you carried out any

following treatment | studies into the efficiencies
options? of these options?

Ponds or wetlands Y May be some reports

archived

Raingardens Y

Bio-retention cells or N

planters

Swales or infiltration Y

trenches

Street Sweeping Y

Porous Paving Y

Filters

A woodbark filter was trialled

Report in NZWWA 2004

Catch-pit inserts

N

Comments on water treatment in area.

Woodbark filter report is available in conferenceqeedings (see Section 2.3.1).

Would your organisation be interested in using a Gb-based stormwater quality

model?

Yes, particularly for consents.

Does your organisation already have access to stowater modelling packages?

Consultants do most of the modelling.

Paul haskemrwith Hydrocad, a free

hydraulics package to check out whether swalesdclelgood for water treatment in

the region.
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Gisborne District Council

Contact Phone06 867 2049
Jurgen Komp (jurgen@gdc.govt.nz)

Do you use any of the
following treatment
options?

Has you carried out any
studies into the efficiencies
of these options?

Ponds or wetlands

Lagoon on foreshore takes
stormwater

Raingardens N
Bio-retention cells or N
planters

Swales or infiltration Y

trenches

Street Sweeping

Yes, but could be more often

Porous Paving N
Filters N
Catch-pit inserts N

Comments on water treatment in area.

None available

Would your organisation be interested in using a Gb-based stormwater quality

model?

Yes

Does your organisation already have access to stowater modelling packages?

No
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Hawke’s Bay Regional Council (Napier)

Contact Phorne06 835 9200 (DD 8338048)
Neil Daykin, Environmental Engineer

Do you know of any of the
following treatment options
in your area?

Has you carried out any
studies into the efficiencies
of these options?

examples of bags)

Ponds or wetlands Wetlands are recommended N
for new developments?
Raingardens N N
Bio-retention cells or N N
planters
Swales or infiltration Along roads, not usual in N
trenches urban areas.
Street Sweeping Napier and Hastings N
Porous Paving N (a project was planned for N
Hastings but did not go
ahead)
Filters N N
Catch-pit inserts Not sure (could be some N

Comments on water treatment in area.

Compliance monitoring has been carried out for eotss but these are to check that

effluent water quality is of the required standard.

Would your organisation be interested in using a Gb-based stormwater quality

model?

Yes

Does your organisation already have access to stowater modelling packages?

No
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Taranaki Regional Council (Stratford)

Contact Phone: 06 765 7127
Bruce Pope (bruce.pope@trc.govt.nz)

It was noted that the TLAs would hold more inforroatand stormwater is not the
TRC mandate.

Do you use any of the | Has you carried out any

following treatment | studies into the efficiencies
options? of these options?
Ponds or wetlands Yes, series of roadside ponds | N

protect New Plymouth water
supply  from stormwater
contamination.

Raingardens N N
Bio-retention cells or N N
planters

Swales or infiltration Some near car parks N
trenches

Street Sweeping N N
Porous Paving Mainly car parks N
Filters N N
Catch-pit inserts Y, some in New Plymouth N

Comments on water treatment in area.

Monitoring for consent compliance. The TLAs may&aome studies.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Does your organisation already have access to stowater modelling packages?
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Horizons (Manuatu-Wanganui, Palmerston N.)

Contact Phone: 06 9522 800
Don’t deal with stormwater, were unable to help.

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands

Raingardens

Bio-retention cells or
planters

Swales or infiltration
trenches

Street Sweeping

Porous Paving

Filters

Catch-pit inserts

Comments on water treatment in area.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Does your organisation already have access to stowater modelling packages?
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Greater Wellingon Regional Council (Wellington)

Contact Phone04 384 5708
Juliet Milne (juliet.milne@gw.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?
Ponds or wetlands Yes, these are often sediment | N
control ponds from
earthworks that have been
left in place.
Raingardens There is one known of N
Bio-retention cells or Maybe N
planters
Swales or infiltration Y N
trenches
Street Sweeping Y N
Porous Paving Maybe N
Filters There are several filters N
treating effluent from
industrial sites
Catch-pit inserts Y N

Comments on water treatment in area.

There is little monitoring of stormwater treatmedevice performance in the
Wellington region, what is done is checks on efituguality for consent compliance.
The GWRC is pushing for more monitoring of stormevadlischarges and receiving
environments in the region.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes, possibly.

Does your organisation already have access to stowater modelling packages?

GWRC has been in contact with NIWA about modellemyd has expressed some
interest about modelling sediment in the Poriruabldar from urban development.
They have done some preliminary modelling of stoataw contaminants loads across
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the Wellington region using the ARC CLM model bhoagh it may need tweaking
for Wellington (e.qg., soil types differ from Auckld’s mainly volcanic soils and road
widths may be narrower?). There was some confustpnessed about the number of
models NIWA holds and how they can be used and hatwsituations. GWRC is
currently doing a ‘stock-take’ of its stormwatev@stigations before deciding whether
to recommence with modelling work.

C-CALM review of removal efficiencies 83



Marlborough District Council (Blenheim)

Contact Phorne03 520 7400
Brin Williman (brin.williman@marlborough.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands N

Raingardens N

Bio-retention cells or N

planters

Swales or infiltration N

trenches

Street Sweeping Y

Porous Paving N

Filters Maybe

Catch-pit inserts Maybe

Comments on water treatment in area.

Marlbrorough is a unitary authority and stormwate&nagement is split between two
sections of the council. There is currently a pisgstmore LID in the region but there
has been slow uptake with little or no treatmefeotthan sumps in the reticulated
network.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes

Does your organisation already have access to stowater modelling packages?

Knowledge of packages like MOUSE
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Tasman District Council

Contact Phone03 544 8176 (dd 5438577)
Kim Arnold (kim.arnold@tdc.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?
Ponds or wetlands Only for waste water
Raingardens N, could be some privately
owned
Bio-retention cells or N
planters
Swales or infiltration Swales along some roads,
trenches these are not engineered and
are for conveyance.
Street Sweeping Y
Porous Paving Y
Filters N
Catch-pit inserts Only a couple

Comments on water treatment in area.

No reports into efficiencies undertaken.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes, but application could be limited.

Does your organisation already have access to stowater modelling packages?

Region is mostly rural and MIKE 11 is used for opgrannel flow. Wallingford
software used to reticulated networks.
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Environment Canterbury (Christchurch)

Contact Phone: 03 365 3828
Peter Savage (peter.savage@ecan.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands Y

Raingardens Y

Bio-retention cells or N

planters

Swales or infiltration Y

trenches

Street Sweeping Y

Porous Paving N

Filters Y

Catch-pit inserts Y

Comments on water treatment in area.

There have been a number of reports prepared féd\E@&nd the Christchurch City

Council. A wet land study with some grab-samplings recently carried out.

Andrew Brough (03 363310), a consultant, preserdgegdaper on the Kirkwood

infiltration surfaces at Stormwater 07, but the kvoentred on hydrology rather than
water quality (some grab tests were taken, seéddeeid.3).

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes,

Does your organisation already have access to stowater modelling packages?

Mostly carried out by consultants.
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Otago Regional Council (Dunedin)

Contact Phone03 474 0827
Andrew Woodford (andrew.woodford@orc.govt.nz)

Was unable to help and suggested contact with tme@n City Council

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands

Raingardens

Bio-retention cells or
planters

Swales or infiltration
trenches

Street Sweeping

Porous Paving

Filters

Catch-pitinserts

Comments on water treatment in area.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Does your organisation already have access to stowater modelling packages?
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Environment Southland (Invercargill)

Contact Phone03 211 5115
John Engel (john.engel@es.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands Not yet, some new

developments will have ponds

Raingardens N

Bio-retention cells or N

planters

Swales or infiltration Encouraged but limited take-
trenches up. Some examples in new

development in Te Anau

Street Sweeping Y
Porous Paving N
Filters Maybe
Catch-pit inserts Maybe

Comments on water treatment in area.

Stormwater is generally not treated in Southland @@nsents for stormwater are not
needed. This means that take-up of treatment eégvitas been slow and is
discretionary. There is a push in EW to improvermstvater quality in Invercargill
and Gore.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes. Assessment of impacts of Invercargill stortewe becoming an issue.

Does your organisation already have access to stowater modelling packages?
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Hamilton City Council

Contact Phone
Kathy Tao (kathy.tao@hcc.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands Y

Raingardens Some private raingardens

Bio-retention cells or N

planters

Swales or infiltration Y, very new

trenches

Street Sweeping

Porous Paving

Filters

Catch-pit inserts

Comments on water treatment in area.

Not aware of any studies other than consents mmito HCC is encouraging take up
of stormwater treatment facilities and is currently

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes, especially as there will be more stormwatatrod with the new by-law.

Does your organisation already have access to stowater modelling packages?

Flow is modelled.
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Palmerston North City Council

Contact Phone06 356 8199
Chris Pepper (chris.pepper@pncc.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?
Ponds or wetlands Y N
Raingardens There are some new | N
infiltration strips from pipe
outlets. These  were
described in terms  of
landscaping.
Bio-retention cells or N N
planters
Swales or infiltration Several swales. N
trenches
Street Sweeping Y N
Porous Paving N N
Filters N N
Catch-pit inserts Some Enviropods N

Comments on water treatment in area.

PNCC has an annual monitoring programme of stormmwatound the city as a

snapshot of water quality to sources and sinkse g@rleagramme has not been running
very long and no published material is availalgformation about water treatment is
by implication (i.e., if water quality in the ar@aproves, it suggests that stormwater
management has been successful).

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes.

Does your organisation already have access to stowater modelling packages?

Flow modelling has been carried out by consultasisg XP SWMM.
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New Plymouth District Council

Contact Phone06 7596060
Tracey Mitchell (mitchellt@npdc.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands Y

Raingardens N

Bio-retention cells or N

planters

Swales or infiltration Y

trenches

Street Sweeping Y

Porous Paving Some on private land

Filters There is a filter bag for
removal of grit from a carpark.

Catch-pit inserts N

Comments on water treatment in area.

All monitoring carried out by regional council. Nafficiency monitoring known
about.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Not sure, works with operation not planning

Does your organisation already have access to stowater modelling packages?

Not for stormwater.
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Kapiti Coast

Contact Phone: 04 9045700
Blair Murray (plair.murray@kapiticoast.govt.hz

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?
Ponds or wetlands Yes including a new multi- | N
basin wetland at Kotuku Park
in Paraparaumu ( designed
by  Truebridge Callender
Beach, lan Prentice)
Raingardens Y N
Bio-retention cells or N N
planters
Swales or infiltration Y, some roadside swales N
trenches
Street Sweeping Y N
Porous Paving N N
Filters N N
Catch-pit inserts Approx. 35 enviropods N

Comments on water treatment in area.

No monitoring apart from effluent for consent corapte.

Would your organisation be interested in using a Gb-based stormwater quality

model?

Yes

Does your organisation already have access to stowater modelling packages?

Flow modelling done by SKM consultants.
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Wellington City Council

Contact Phone04 4994444
Igbal Idris {gbal.idris@capacity.net.nzd 04 9103809)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands Y. There is a new wetland | Fortnightly = monitoring  of
with UV treatment of influent. coliforms into wetland.

Raingardens N

Bio-retention cells or N

planters

Swales or infiltration N

trenches

Street Sweeping Y

Porous Paving Not sure, maybe some car
parks

Filters N

Catch-pit inserts N

Comments on water treatment in area.

Not sure if there are any treatment efficiency ssid

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes, identified a humber of possible user groumsuiting roading, erosion control
and biodiversity

Does your organisation already have access to stowater modelling packages?

MOUSE is used for flow modelling of reticulated wetk.
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Christchurch City Council

Contact Phone03 9418999
Owen Southen (owen.southen@ccc.govt.nz)

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands Y Y

Raingardens Y

Bio-retention cells or N

planters

Swales or infiltration Y Y

trenches

Street Sweeping Y

Porous Paving Trial Not at monitoring stage

Filters Y

Catch-pit inserts Y

Comments on water treatment in area.

Halswell pond and Kirkwood infiltration basin stedihave been cited in this report
(Section 2.2 and 2.4.3). Effluent monitoring wasried out for the Aiden Field
development a few years ago as part of a courbracti This area has swales.
However, no influent samples. EOS Ecology (Sh#MigMurtrie, 03 3980538) took
some grab samples from a wetland as part of a staren study, but this cannot be
used to derive treatment efficiencies.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Y

Does your organisation already have access to stowater modelling packages?
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Dunedin City Council

Contact Phone03 4774000
Hugh Smirk fismirk@dcc.govt.nz

Do you use any of the Has you carried out any
following treatment studies into the efficiencies
options? of these options?

Ponds or wetlands There are a couple of ponds

and more planned. Flow
control is main objective

Raingardens No, but there has been some
interest as planting in new
developments

Bio-retention cells or N

planters

Swales or infiltration No, but there are plans in a
trenches new large subdivision.

Street Sweeping Y

Porous Paving N

Filters N

Catch-pit inserts Two models are under trial

Comments on water treatment in area.

There has been interest in monitoring, but nondatie. PAHS are a major concern
and an old gas works may be contributing to thé kegels in Dunedin stormwater.

Would your organisation be interested in using a Gb-based stormwater quality
model?

Yes, but would like to know more information.

Does your organisation already have access to stowater modelling packages?

Yes, InfoWworks (Wallingford) is being considered tse for a new modelling project
to model waste and stormwater flows.
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