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Abstract

Loess soils are common in New Zealand; their high erodibility and relatively fine particle

size makeahem challenging to remove from suspension in stormwater runoff. The use of

traditional sediment retention basins has proven to be ineffective and costly when dealing

with these types of sediment | aden flows. Th
combination of flocculants, coagulants and geotextile filtration fences within a sediment

retention basin can effectively remove suspended solids from stormwater runoff and decrease

the size of traditional basins.

Three primary testing methodologies were employed: turhuéninar lab testing and an-in

situ test. The optimal polgluminium chloride flocculant dose of 8mL/L was established

using bench testing. The turbulent lab tests had calculated total suspended solids reduction of
up to 125 mg/L for the geotextile, whillee laminar test had reductions of up to 112 mg/L.

During the insitu testing, the filtration fences had observed reductions between 40 mg/L and
350 mg/L. The testing found that geotextile filtoa fences can remove significant amounts

of suspended solids from loess sedirrladen stormwater runoff.

These results indicated that the combination of flocculants, coagulants and geotextile
filtration fences can reduce the size of traditional sediment retention basins while maintaining
or even improving the suspended solid removal performance. This appftexsha cost

and areaeffective solution for erosion and sediment control, making it a viable alternative to
current practices.
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Introduction

Effective and timely erosion and sediment conmacticesare essentiain minimising soil
erosion, maintaining water quality and removing suspended solids (3&)aff (Farjood,
2016) The Ganterbury RegionaCouncil has an Erosion Sediment Control Guideline that
outlinesmethodsfor achievingenvironmentally friendlysediment contropractices(ECAN,
2007) It is recognisedhat full containment of sedimentnoff is neverentirely achievable.
The recognisedimitation of sediment into natural waterways is 50 mgisdetailed inthe
CanterburyRegional Council discharge consents.

Effective and timely erosion and sediment control practices are crucial in maintaining a low
environmental impact on the surrounding environment, maintaining water goahtyising

soil erosion and reducing suspended solids (S®)noff (Farjood, 2016) The Canterbury
Regional Council Erosion Sediment Control Guideline 2007 describes the measures that must
be taken to achieve these goals of lowering environmental impacts. This guidelidefaies

the criteria for constructing a sediment retento@sin,which is the most common way of
dealing with sedimertden stormwateaunoff (ECAN, 2007) There are also many other ways

of controlling or mitigating erosion and sedimenhich are reported in this guideline.

However, sedimertaden stormwaterunoff is impossible to avoidbr largescale earthwork
activities Engineers and contractors shouitilise erosion sedimentontrol devicesduring
these activitiesThis runoff generally contains contaminaniscluding sediments, nutrients,
heavy metals, and hydrocarbdifgesterbeek/opicka, 2009) increasing the turbidity and SS
of the natural waterway®emovingthesecontaminantss crucial asthey can cause adverse
effectson aquatic organismand the surrounding environmemind cause problems within
water purification centre@ilotta & Brazier, 2008)

Loess soils can be found all over New Zeal@®erryman, 1993)covering a significant area

of the E a r tlandssirfaceapproximatelyl0% (Muhs, 2007) Figure 1 is a map of New

Z e a | &outh ésland with a colowroded legend showing the amount of loess soils found in
these areaslThis map shows significant amount of loess soils found in the southern and
eastern regionef NewZ e a | &authdstand, with the majority located in the Canterbury
Plains andOt a g So6tlseasterrbasins. The thickness of these deposits varies greatly
geographicallywith depositsmorethan a metedeep covering approximately 10% of the area
of the South IslandThese deposits are usually blanketmegexisting landscapes. Some loess
deposits expand down 20 or even 40 meters in the lowlands south of TimartheBamks
Peninsula. Many of these deposits are located at the base of slopes next to mountain ranges or
hilly areaq'Yates et al., 2017)t should also be noted that the variation in thickness is immense
as they can go from a couple of centimetres to hundreds of meter@Miick, 2007)
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Figure 1: Loess cover groups for the South Island of New Zealand (Jochen Schmidt, 2005).

The longestablished way of defining loess soils is-silted particles ground from crystalline

rocks by glacial movement. Thedee particles are deposited into tills, which are
accumulations of unsorted materials that have been grouped by glacial ice. The materials are
then reworked by the fluvial process in the surrounding natural water channels,finaéye

they are entrained, transported, and then deposited by the winds sweeping through the area
(Muhs, 2007) These winds spread the loess soils across plains and basins, pushing them up
against steepegionsof mountains and hillslopes.

Loess soils are dominated by silt and es&ged particleswhich are particleslower than
approximately 0.05mmA particle size distribution of loess soils in the Canterbury, New
Zealand regiois detailed inFigure2. On average, 6 90% of loess soils are silts and clays.
The amount of clay ranges betweén 8 45% and sand contents vary betweén  28%,
with the silts filling in the rest. This is relevant for altsitu and colluvium loesgrates et al.,
2017) Due to the small particle size of this sediment and its low settling veltmatgs soils
can stay in suspension for long periods, making them extremely hard to removeagiosn
and stormwaterunoff (Radermacher et al., 2015)
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Figure 2: Particle size distribution for Canterbury loess depositsY#tes, 2017).

Loess soilswhen dry tend to exhibit the behaviours of soft rock, with itsahstrength and
failure linked closely with and controlled by the fissures within the soil mass. However, this
strength is lost when there is even a slight increase in moisture congn).(Zhis reduction

in sher strength willgenerallylead to erosion and widespread slope movement for these soils.
Because of this susceptibility to changes in water content, loess soils are particularly sensitive
to seasonal and climatic clges. Warmer temperatures lead to fracturing of the soil,mass
increasing the loess o ipérmeability While colder weather, periods of high rainfall and other
causes of increased moisture contetusuallya precursor to slope and soil failure. Some of
the observed failures include soil creep, debris flow, and tunnel gully erp&des et al.,
2017) This susceptibility to erosion makes it a common soil type to be picked up in waterways
and decanbasirs.

Until approximately 2014flocculants and coagulants were not permitted or consé¢atbd
usedin the Canterbury Region (B. Gray, personal communication, October 15, 2024). Even
today, beforethe commission of any chemical treatment, a Chemical Treatment Plan (CTP)
must be provided to the Canterbury Regional Council for certification. Compliance with the
Erosion and Sediment Control Toolbox for Canterbury 2017 must bée@aiN, 2024)

The combination ofiocculantsand coagulantseduceghe total suspendesblids(TSS)within
sedimerdiadenwater by neutralisingthe electric charge placed on tfiee particles.The
flocculantencourages them to clump togethese clumps are known as midlac, andthe
coagulant undertakes the procé@avis et al., 2006)Flocculation is the process of bringing
thesemicro-flocs into sizeablegroupsto drop out of suspension due to grayigbeling et al.,
2003)

The traditional method of dealing with sediment laden flows was large sedigtention
basins. The implementation of flocculants has allowed the basins to be reduced Tinaize
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purpose of this investigation is determine whether the basins can be reduced in size again by
filtration with geotextile fabricsNonwovengeotextiles are used for their filtration and soil
separation properti¢serdous & Kabir, 2013)rheir performance is influenced by factors such
as thickness and permeabil(fgeddy et al., 2010)

Sediment retentiomasirs are constructed through excavation and embankment formation.
They are used tattenuataevaterflows and let sediment drop out of suspension through gravity,
improving water qualit{ECAN, 2007) Typically consisting of a sediment forebayentral
basin and adecant throttle control hesdreatment basingre simple and effective at removing
heavy sediment@arjood, 2016)These are ineffective when dealing with loess S0IRC,
2009)
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Traditional DecanBasin

A sediment retentiobasinis constructed either by excavation or through the formation of
embankmentdt is made to retain sedimeetmittedfrom construction sites and other works.
Thesebasirs areoftentemporary(ECAN, 2007) A typical retentiorbasinwill consist of a
sediment forebay, @ain basirarea and an outlet devi@léarjood, 2016)They are known for
their effectiveness irmprovingwater qualityandbeinga stormwater flow management tactic,
removing particulates, organic matter, and megtadsjood, 2016)Sediment retentiobasirs
have become widely implement@d/esterbeel/opicka, 2009) A general schematic of one

of thesebasirs is shown irFigure3.

Wide shallow level spillway over existing ground where
possible, retaining the existing grass cover. Bare areas
to be stabilised with concrete, geotextile or other armouring

Consider using a rope
and pulley system to

lift decants out of water
in the event of having
to pump or drain water
to the pond.

Decants must be

Bund/diversion channels to ensure all
flow enters at the inlet end

Secure the ends of the level
spreader by burying within
the earth bund and
haunching with concrete

lowered once Settling\]/
has occurred.
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forebay
(Im deep

and 2m wide)

Pinned geotextile overlaid with
large rock to break up flow

Level spreader full width of inlet end,
batter into pond to be stabilised with
soft matting geotextile.

Extra crest width may be required to

provide for machinery access for

cleaning out

All bare surfaces to be stabilised with
vegetation if the pond is to remain through a
winter period, otherwise just the outer batter
needs to be stabilised

Figure 3: Schematic of a sediment retentimasin Auckland Regional Council 1999, (ECAN, 2007).

Sediment retention basinsvgea residual volume of stormwaternoff that contains higher
sediment concentrations, and tkki@ume never gets discharged. As the stormwateoff is
attenuated in the basin and deceleratezisedimentandrop out of suspension due to gravity
(Kadlec & Knight, 1996)At the far end of the basia decant device drains the top water level,
which isthe cleanestECAN, 2007) A floating decant arm apparatus is showirigure4.
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Figure 4: Floating Decant Arms within a Sediment RetenBasin(Cirtex Civil, 2024).

In a reporty Yazdi et al. (2021investigating the efficacy of a retentibasin the inflow and
outflow TSS was measured and recorded. The inflow TSS varied between 10 and 113 mg/L,
and the outflow TSS varied between 4 and 15 mig/showedthat sediment retentidmasirs

are efficient in reducingS fromstormwaterunoff. This is shown in better detail Figure5,

with theorangerepresenting the warmer months and the blue representing theroaddert h s 6
values. In the colder months, the TSS was reduced by 62%, while in the warmer months, the
TSS waglecreaselly 74%. However, outflow TSS was relatively similar all year roq(fakdi

et al., 2021)
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Figure 5: Removal effects for TSS (Mohammad Nayeb Yazdi, 2021).
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Sediment retentiobasirs with all excavation, side slopes, and surrounding bunds take up a
significant area of land. With steep land being a considerable erosion and sediment control
problem there may not be enough land to construct them on, depending &1 tlee preylé, s
length, and consistency. A d@ctare catchmenttgpically suggested as an upper limit. These
sediment retentiobasirs can also be blocked with floating debris and need regular clearing
(ECAN, 2007)

Coagulation Floccultion

Flocculants, also known as coagulants, help to decrease the total suspended soNgHiFSS)
sedimeradenwater through coagulatiogenerallyin a decenbasin Electriccharges offine
particles cause them to repel each qgtkeeping them suspended wittstormwater runoff

This problem can be solved with the process of coagulation. Coagulation is the process of
decreasing oneutralisingthe negative electric charge on Sf&hich then encourages the
particles to aggregate and formicro floc(Davis & Hafner, 2006)Flocculation is the process

of combiningthe microfloc groups tacreatea more significantagglomeratiorthrough either
physical mixing or the binding actiaf flocculants(Ebeling et al., 2003)

The classic coagulation and flocculation process consists of three separate steps. The suitable
chemicals are added to the wastewattrred and mixed at high speeds. The wastewater is
thenmoderately mixed to form large flocs, which are easier to settle out. Finally, the flocs
formedcansettle out and separate from the water colfrahobanoglous & Burton, 1991)

The processs shownin Figure6. The coagulation/flocculation process is essential in water
treatment, especially when dealing with sedirdaden stormwaterunoff going towards

natural streams or into a city stormwater system. The process-ifigasive, easy to operate,

and energyefficient (Amuda et al., 2005)

Figure 6: The coagulation and flocculation process (James M. Ebeling, 2003).

TSS removal efficiency wagptimal when usedbetween 500 an@50 mg/L of coagulant.
Approximately 74% of TSS was removed when the coagulant was Tisisdhen jumped to
94%when25mg/L of flocculant was addéAmuda et al., 2005A paperby Daud et al. (2015)
tested four different typesf coagulants at varying dosages. Thigerent dosages were used
becaus¢heywereall tested at their optimal dosage size. It was found that TSS reraogeld
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