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ABSTRACT

Growing media in green infrastructure (Gl) designed for stormwater management plays a critical role in
providing hydrological benefits. However, sediment deposition by urban stormwater can cause clogging
and reduce the infiltration capacity. This study introduces a new approach to characterise the impact of
clogging of Gl that uses fluorescent tracer particles. Results are compared for two contrasting growing
media: Grey to Green Substrate (G2G) and Marie Curie Substrate (MCS). Results showed that most
sediment particles were retained on the surface of both growing media, and surface clogging in G2G
caused a decrease in infiltration capacity. Sediment vertical movement was observed in both growing
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media, but particles travelled deeper in MCS. Vertical sediment movement is influenced by the growing
media’s pore size distribution, and a high clogging risk is expected in growing media with a pore size
distribution that is close to the particle size distribution of the incoming sediment particles.

Introduction
Background

Green infrastructure (Gl) refers to a network of natural and engi-
neered multifunctional green space and other green features. As
a subset of Gl, vegetated sustainable drainage systems (SuDS) use
natural processes to provide sustainable solutions to stormwater
management and minimise the hydrological impacts of urbanisa-
tion (Woods-Ballard et al. 2015). Vegetated SuDS can take various
forms, but their main functions are to manage stormwater quality
to control pollution and reduce runoff quantity to mitigate flood
risk (Woods-Ballard et al. 2015). Vegetated SuDS such as green
roofs and bioretention cells (commonly known as rain gardens)
rely on vegetation and engineered growing media to provide the
relevant stormwater benefits. The hydrological characteristics of
growing media and the species of vegetation determine the
hydrological performance of these systems in response to storm
events (De-Ville et al. 2021; Stovin et al. 2015).

Growing media and clogging

The growing media used in green roof and bioretention systems
are engineered substrates that typically comprise a mixture of
sand, crushed brick, gravel and organic matter (De-Ville et al.
2021; Fassman and Simcock 2012; FLL 2008; Hunt et al. 2008;
Smith et al. 2021; Stovin et al. 2015). A green roof system is
designed to deal with incident rainfall only. The depth of
a typical extensive green roof growing media layer is <150 mm.
The materials used for green roof growing media usually have
a high permeability to avoid surface ponding whilst providing

attenuation for subsequence storm events (FLL 2008). In con-
trast, a bioretention system is expected to capture the inflow
from adjacent impermeable catchments in addition to direct
rainfall (Woods-Ballard et al. 2015). As a bioretention system is
designed to handle a large quantity of stormwater, the growing
media is designed to be deep enough (i.e. >750 mm) to support
large plants and enhance evapotranspiration. In order to provide
sufficient contact time to remove pollutants, the permeability of
bioretention growing media is usually lower than for a typical
green roof growing media (Woods-Ballard et al. 2015).

The hydrological processes in green roof and bioretention
systems include surface infiltration, percolation through the
growing media and drainage via an underdrain. Many bioreten-
tion systems also allow exfiltration into the underlying native
soil. Surface infiltration is a key process in these systems, as it
determines how quickly stormwater can reach the lower layers
for percolation and drainage. The surface infiltration rate is
dominated by the saturated hydraulic conductivity of the grow-
ing media, the head of the water ponding on the surface of the
growing media and the moisture content in the growing
media. In practice, saturated hydraulic conductivity is usually
used to indicate growing media infiltration capacity
(Ebrahimian et al. 2020; Woods-Ballard et al. 2015).

Current hydraulic design guidance for green roof and
bioretention growing media suggests appropriate values for
saturated hydraulic conductivity of 4200 mm/h in green roof
growing media and 100-300 mm/h in bioretention media
(FLL 2008; Woods-Ballard et al. 2015). However, over time,
deposition of sediments (introduced through inflows) can
cause clogging and a change in saturated hydraulic
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conductivity (Le Coustumer et al. 2009; Ebrahimian et al.
2020; Langergraber et al. 2003; Winter and Goetz 2003). In
long-term studies, a change in the growing media’s saturated
hydraulic conductivity has been used as an indicator of the
development of clogging (Emerson and Traver 2008; Le
Coustumer et al. 2009; Asleson et al. 2009; Jenkins et al.
2010; Paus et al. 2013; Garza, Welker, and Rife 2016;
Natarajan and Davis 2015; Smith et al. 2021). However, the
surface saturated hydraulic conductivity does not provide
any insight into the transport of sediment particles below
the surface of the growing media. In addition, clogging in
growing media may take time to occur. Limited by the con-
centration of sediment particles in the inflows and the study
duration, field studies may not be systematic or of sufficient
length to observe clogging within the deeper layers of the
growing media. Moreover, saturated hydraulic conductivity
measured in field systems can be influenced by many factors
that cannot be controlled, meaning that measured changes
(or not) in hydraulic conductivity are not necessarily attribu-
table to clogging (or not) of the growing media. Therefore,
tracing sediment particle movement in growing media with
simulated rainfall events and sediment loads under
a controlled laboratory environment is critical for under-
standing clogging in growing media.

Visualisation of sediment particle movement

Tracers used to visualise sediment movement in growing
media must have distinct characteristics from the native
media materials to be identifiable. Fluorescent tracer particles
made from natural silica coated with fluorescent pigmented
resin offer significant potential for tracking sediment in soils at
a laboratory scale (Hardy et al. 2016, 2017, 2019). The particle
size distribution of fluorescent tracer particles can be designed
to represent actual sediment particle sizes, and the mass load-
ing of fluorescent tracer particles applied to the surface of the
media can be controlled. As the fluorescent tracer particles do
not dissolve in water and are excited only with a specific light
wavelength (i.e. Ultra Violet light), the particles can be easily
identified and tracked within the media in a dark environment.
Fluorescent tracer particles have successfully been used in soil
media for real-time tracking of clay, sand and sediment parti-
cles in a laboratory soil flume (Hardy et al. 2016, 2017, 2019). In
this study, we undertake a preliminary investigation to explore
the potential to utilise similar fluorescent particles specifically
within SuDS growing media to investigate and visualise media

clogging.

Aim and objectives

This preliminary study aimed to investigate clogging due to
fine sediment deposition in two SuDS growing media. The
specific objectives were to:

e Characterise the pore size distribution and hydrological
properties of two SuDS growing media;

e Visualise surface clogging and vertical sediment move-
ment in the growing media using fluorescent tracer
particles;

® |nvestigate the impact of growing media physical proper-
ties on the vertical movement of the sediment particles;

e Quantify the vertical sediment particle distribution within
the growing media in response to sustained rainfall/
inflow and multiple sediment particle dosings.

Methods and materials
Experimental set-up

Figure 1 illustrates the apparatus used in this study. The
apparatus comprises a flow control system, sample column
and lighting and an image acquisition system. The flow con-
trol system consists of a water reservoir, a peristaltic pump
and four drippers. With a constant pumping rate delivered by
the peristaltic pump, a constant inflow rate is offered by the
drippers. The four drippers were placed in a square, 90 mm
apart, to achieve a uniform inflow onto the growing media
surface. A circular sample column with a diameter of 140 mm
and a height of 400 mm was made from transparent acrylic.
The column incorporated a perforated base covered by
a layer of filter sheet (Camlab Grade 601, with 5-13 um
particle retention). Runoff from the bottom of the column
was collected and directed to the water supply reservoir to
form a circulating water system. A Canon EOS D1200 camera
with EFS 18-55 mm zoom lens was used to take images at
the surface of the growing media at 1T min to 1 h time
intervals, depending on the time since the start of the experi-
ment. Two 6 W UV light bars with a dominant wavelength of
395 nm were used to illuminate the fluorescent tracer parti-
cles, and the camera was fitted with a 515 nm long pass filter
to filter UV light. The camera was connected to a PC, and the
Digital Camera Control software (DigiCamControl) was used
to adjust camera parameters and control the camera to take
images (camera parameters are provided in Supplementary
Material Table A.1).

Growing media

Two types of SuDS growing media were used in this study. Grey
to Green media (G2G) (Figure 2(a)) is the growing media used in
Sheffield City Council’'s Grey-to-Green retrofit bioretention sys-
tems (Susdrain 2016). G2G media comprises locally sourced
(Sheffield, UK) recycled waste components with 50% (by
weight) Sandstone Quarry Waste Material (5-20 mm); 25%
Crushed Recycled Glass; 15% Green Waste Compost; and 10%
Sugar-beet Washings (topsoil) (De-Ville et al. 2021). Marie Curie
Substrate (MCS) (Figure 2(b)) is a type of green roof growing
media that was developed between the University of Sheffield
and ZinCo as part of a collaborative research project. MCS is
comparable with commercial green roof substrates and has
shown the potential to provide hydrological benefits (i.e. rain-
fall retention and runoff detention) in previous studies (De-Ville
et al. 2017; Peng, Smith, and Stovin 2020; Yio et al. 2013).

Growing media physical properties

The saturated hydraulic conductivity, porosity, particle size dis-
tribution and soil water release curve have been determined for
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Figure 1. Experimental set-up for the particle dosing experiment; (a) Schematic drawing of the setup; (b) Details of the rainfall simulator plate viewed from below.

both growing media, and reported in De-Ville et al. (2021) (G2G)
and Peng, Smith, and Stovin (2020) (MCS) with the properties
relevant to this study summarised in Supplementary Material
Tables A.2 and A.3 alongside Figures A.5 and A.6. G2G contains
a higher proportion of large particles (i.e. particle size >6 mm)
(44% versus 35%) and fine particles (i.e. particle size <0.6 mm)
(18% versus 8%) than MCS. Due to the high percentage of fines
in G2G, G2G has a lower porosity (0.443 v/v versus 0.552 v/v)
and saturated hydraulic conductivity than MCS (101 mm/h
versus 9960 mm/h). The soil water release curve describes the
ability of the growing media to retain water under negative
pore-water pressure. Studies have found that the calibrated

Durner model fits the measured data points on the soil water
release curve for green roof growing media (Liu and Fassman-
Beck 2018; Peng, Smith, and Stovin 2020). In this study, the
measured soil water release curve for the two growing media
was used to calibrate the Durner model parameters (De-Ville
et al. 2021; Peng, Smith, and Stovin 2020), and the parameters
were then used to derive pore size distributions for the media
following the approach described in Liu and Fassman-Beck
(2018) and Basile et al. (2007). The detailed procedures are
also provided in the Supplementary Material.

Note that the experiments were set up to represent

a bioretention system receiving runoff from adjacent
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Figure 2. The two growing media used in this study; (a) Bioretention Grey to Green media (G2G); (b) Green roof Marie Curie Substrate (MCS).

impermeable surfaces such as urban roads. The MCS was not
developed as a growing media for bioretention cells but is used
here to provide contrasting media characteristics compared with
the G2G media.

Fluorescent tracer particles

The fluorescent tracer particles used throughout this study are
commercially available fluorescent tracers (Partrac Ltd, UK) made
from natural silica sand (sizing up to 150 um) coated with fluor-
escent pigmented resin and have a density of 2.65 g/cm>. The
particles appear bright yellow-green under UV light (with light
wavelength between 100 and 400 nm). The particle distribution
of the fluorescent tracer particles was designed to be a Gaussian
distribution with a mean particle size of 120 um. The actual particle
size distribution was determined using a Malvern Matersizer 3000
(Malvern Panalytical Ltd) using the laser diffraction technique.
Based on the survey conducted by Selbig and Bannerman (2011)
in Madison, Wisconsin, US, sediment particles in urban stormwater
sourced from a parking lot, a feeder street, a collector street, an
arterial street, a rooftop, and mixed-use land had a mean particle
size between 63 and 125 um with most of the particles (>60%)
ranging from 32 to 500 um. The fluorescent tracer particles used in
this study fall in the range of the typical sediment sizes in urban
stormwater, according to Selbig and Bannerman (2011). However,
it should be noted that the size distribution and mean particle size
can vary between source areas and local environmental
conditions.

Particle dosing experiment

Air-dried growing media was filled into the circular column to
a depth of 300 mm at the beginning of the experiments with
gentle compaction (3 strikings of a 1 kg metal plate) on the surface,
resulting in a density of 1221.8 kg/m? for G2G and 994.4 kg/m?
for MCS.

It should be noted that the experiments reported here were
preliminary in nature. The intention was to explore the feasibility
of visualising sediment movement within, and on the surface of,
typical growing media, prior to more comprehensive and realis-
tic experimental work being undertaken. The tests were (some-
what arbitrarily) designed to apply the equivalent of 2 years’
inflow in a short experimental period using a high sediment load
to maximise the opportunities to visualise sediment movement.
The experimental conditions were further simplified through the
use of a constant inflow and four discrete sediment applications.
While these conditions represent a simplification of inflows
expected in reality, they are sufficient to permit an evaluation
of the experimental visualisation methodology and to identify
differences in the responses of the two contrasting media.

Based on Sheffield’s annual rainfall depth of approxi-
mately 850 mm, and an assumption that a bioretention cell
may receive inflow from a total contributing area on the
order of 10 times its own surface area, the annual inflow
depth was assumed to be 8,500 mm. Two years equivalent
inflow (17,000 mm) was applied on the surface of the grow-
ing media over 10 days at a constant rate, and a total of 40 g
(= 1 g) fluorescent tracer particles was evenly sprinkled on
the surface of the growing media over four applications.
Applications were restricted to a maximum of 10 g of parti-
cles each time to ensure that the fluorescent particles did not
change the growing media’s surface properties. The constant
inflow rate was selected to be the saturated hydraulic con-
ductivity of G2G to minimise the duration of the experiment
and maximise the opportunity of observing both vertical
movement and clogging effects. The first particle dosing
was at the beginning of the experiment, with subsequent
dosings after 6 months of equivalent inflow. The 6-month
interval reflected the time taken to visibly observe reductions
in the particles on the growing media surface following each
dosing. It should be noted that the inflow rate applied is not
representative of real rainfall events, and the mass of the



tracer particles applied on the growing media in each dosing
is significantly higher than a typical sediment load of 1 g/m?
(Sansalone et al. 1998) observed in urban roadway runoff.
Therefore, the resulting clogging rate is not representative of
the rate expected to occur in reality. The combination of
a high inflow depth and multiple high concentrations of
particle applications was intended to reproduce the multiple
cycles of storm events experienced by a bioretention cell in
practice and to be sufficiently long to reveal measurable
differences in vertical particle movement. Surface images of
the growing media during the experiment were captured by
the camera. At the end of the experiment, the sample col-
umn was saturated, frozen and cut into six horizontal slices
(50 mm thick) to determine the vertical variation in cross-
sectional particle distribution.

Image interpretation

The raw images taken from the experiments were cropped in
MATLAB to exclude non-interest areas, and coloured using the
MATLAB Turbo colour scheme to enhance the concentration
distribution. As fluorescent tracer particles emit green light and
are significantly brighter than the growing media in the images,
the ratio of green pixels to total image pixels (defined as the
percentage coverage) was used to quantify the particle con-
centration. The procedure for counting fluorescent pixels
involved extracting the image intensity from the camera
green channel using the cropped images and a threshold of
12.5 (image greyscale intensity 8-bit), to define the minimum
image intensity of a fluorescent tracer particle. An example
showing the results of this procedure can be found in
Supplementary Material Figure A.4.
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Results
Physical properties of growing media

Figure 3 shows the estimated Pore Size Distribution (PSD)
for the two growing media. A dual pore system is evident in
the MCS with two peaks in the pore size distribution curve.
As the sediment particle size from stormwater runoff is
typically larger than 2 pum (Selbig and Bannerman 2011),
pore spaces smaller than 2 um are not of interest for this
study (i.e. the first peak at small pore sizes for MCS). MCS
has a broader range of pore sizes than G2G, but the pore
space in G2G is generally smaller than in MCS (with a mean
of 0.2 mm versus 0.5 mm).

The particle size distribution measured for the fluorescent
tracer particles is presented in Figure 3 as the mean result of
three measurements. The ds, determined for the fluorescent
tracer particles is 145 um, which is slightly larger than the
manufacturer reported value. The particle size distribution
was designed to follow a Gaussian distribution. However, the
measured distribution is bimodal with a gap between 40 and
50 um. Nevertheless, the particle size of the fluorescent tracer
particles reasonably covers the range of possible sediment
particle sizes in urban stormwater (i.e. from 2 to 500 uym
(Selbig and Bannerman 2011)).

Growing media pore size distribution is a key factor for
determining potential clogging in the media as it determines
the potential spaces for sediment particles to travel within. The
sediment particles can block any pore space smaller than the
sediment particle sizes. Comparing the particle size of the
fluorescent tracer particles and the pore sizes of G2G and
MCS, as a low proportion of pore space in G2G is larger than
the fluorescent tracer particle sizes, it is expected that G2G may
have a higher risk of clogging.

x10°

mmmm== G2G (Pore Size Distribution)
s MCS (Pore Size Distribution)
2 Fluorescent Particles (Particle Size Distribution)

0.8

0.6 -

Relative Frequency (Pores)

021
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107 10° 10"

Pore Size/Particle Szie (mm)

Figure 3. Estimated pore size distribution (derived from measured soil water release curve) for the two growing media (G2G and MCS) and particle size distribution for

the fluorescent particles (secondary Y axis).
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Figure 4. Surface images for G2G and MCS at the end of each particle dosing.

Particle dosing experiment

Figure 4 shows images of the surfaces of the two growing media
at the end of each particle dosing. The images are coloured
based on the image intensity of raw photographs, a more
green colour corresponding to higher image intensity and
a higher particle concentration. It is clear that in both growing
media, the regions where the water fell from the drippers

100

showed a lower particle concentration (i.e. darker blue colours)
than the rest of the surface area. This is due to rain splash erosion
processes repositioning the sediment across the surface upon
impact directly under the drippers. The images for G2G showed
an obvious increase in particle concentration on the surface over
time (light blue colouring), whereas the images for MCS show
a clear decrease in particle concentration.

10 11 12 (Day)

Coverage of Particles (%)

— G2G ]
- = MCS
0 L 1 1 1 L 1 1 1 L 1 1 1 1 1 L 1 s
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Time (min)

Figure 5. Surface particle coverage for G2G and MCS in the experiment.



The growing media’s surface hydrological properties were
altered due to the particles that accumulated on the surface.
This change did not have a noticeable effect on the MCS: sur-
face particle deposition did not totally block the surface pore
space, such that water still infiltrated into the media. Surface
particle deposition caused temporary localised minor ponding
on the surface of MCS, and this helped water spread out on the
surface and thus forced particles to travel into the media.
However, surface particle deposition influenced G2G in
a different way: surface infiltration capacity was reduced, sur-
face ponding was observed, and downward movement was

@) G2G

Figure 6. Photographs taken from the side of the columns at the end of the
experiment: (a) G2G; (b) MCS.
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Figure 7. Images for the sliced G2G at the end of the experiment.
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restricted. As a constant inflow rate was applied throughout
the experiment and no surface ponding was observed at the
beginning of the experiment, the reduction in infiltration capa-
city in G2G at a later stage of the experiment is believed to be
caused by surface clogging.

Figure 5 shows the change of surface particle coverage for
the two growing media in the particle dosing experiments. The
four peaks in Figure 5 correspond to the times when particles
were added to the surface of the growing media, approxi-
mately every 2.5 days (i.e. approximately 6-month equivalent
inflow). As severe surface ponding was observed 5 minutes
after the final particle dosing on G2G, the inflow rate was
reduced by half, and the inflow duration was doubled to
achieve the same inflow volume.

The two growing media showed different responses follow-
ing each particle dosing. In the first dosing, particle coverage
dropped dramatically to 15% in G2G. However, MCS still had
70% coverage at the end of this dosing. With more particles
and inflow applied, the particle coverage increased at the end
of each particle dosing (i.e. from 15% to 60% after the first three
dosings) in G2G, and it dropped each time (i.e. from 70% to
45%) in MCS.

Figure 6 shows side view photographs taken for the two
growing media at the end of the particle dosing experiment.
Vertical movement was clearly observed in both growing
media, but the movement in MCS was more noticeable than
in G2G.

The images for the frozen and sliced samples of the two
growing media at the end of the experiments are presented in
Figures 7 and 8. Most particles were retained on the surface
following the 2 years of equivalent water inflows in both grow-
ing media, but some vertical movement is also evident. In G2G
(Figure 7), particles were mainly observed in the upper 100 mm,

#3 #4

#10
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Figure 9. Cross-sectional vertical particle distribution of the tracer for the two
growing media derived from the sliced growing media images.

and very few particles (less than 0.3%) were observed to travel
further than 200 mm down into the media. In MCS (Figure 8),
a relatively high concentration (0.6%) of particles was observed

Figure 8. Images for the sliced MCS at the end of the experiment.

at 200 mm below the surface. More particles travelled down-
wards in MCS and reached the bottom of the column than in
G2G (2% versus 1%). It should be noted that the camera set-
tings for surface images (Figure 4) and sliced samples (Figures 7
and 8) are different. This is because very few particles reached
the bottom of the column, and in order to see those low
concentration particles, a higher 1ISO was used for the sliced
images (Supplementary Material Table A.1). It is acknowledged
that the procedure of saturation and freezing at the end of the
experiment can alter the surface particle distribution (i.e. the
images for the growing media at the end of 4™ dosing in
Figure 4 look differently from #1 in Figures 7 and 8), but this
does not affect the relative vertical particle distribution.

Figure 9 characterises the vertical particle distribution pro-
files derived from the slice images. More particles were
observed to travel further into MCS than G2G, and the coverage
of particles in MCS between 100 and 200 mm deep was higher
than in G2G. However, higher particle coverage was observed
in G2G at 50 mm (5% versus 2%). In both growing media,
particle coverage at the bottom is higher than it is at
250 mm. This is probably a result of the restriction of the filter
sheet placed at the bottom of the media column. Based on the
particle size distribution of the sediment particles and the pore
size distribution of the two growing media (Figure 3), there is
a small proportion of sediment particles that are significantly
smaller than the smallest pore size of the growing media, and
this proportion of particles can travel to the bottom of the
media column relatively easily. However, as the opening of
the filter sheet (i.e. retaining 5-13 pm particles) is too small
for particles to travel through, any particles reaching the bot-
tom were trapped by the filter sheet. It should be noted that
preferential paths developed near the wall in MCS (Figure 6),
and these could also result in the particles reaching the bottom
more quickly.



Overall, the experimental results demonstrate that fluores-
cent tracer particles can be used to successfully track the move-
ment of suspended solids entering SuDS growing media. The
analysis demonstrated that vertical particle movement in MCS
is greater than in G2G due to more large pore size spaces in
MCS. Infiltration capacity and vertical particle mobility in G2G
were significantly reduced with increasing particle deposition
on the surface.

Discussion

Pore size distribution in the growing media is key to
understanding clogging and vertical movement. However,
this property is extremely difficult to characterise in prac-
tice. The pore size distribution for the two growing media
in this study was derived from the characterised soil water
release curve. It is acknowledged that there are uncertain-
ties associated with the transfer functions. However, the
derived pore size distribution in this study provided
a good estimate of the possible performance of the grow-
ing media in response to surface sediment deposition (i.e.
particle movement in MCS is easier than in G2G, and the
possibility of surface clogging is low in MCS). Although
more sophisticated tomography (e.g. 3D X-Ray CT) and
simulation techniques (e.g. Lattice Boltzmann method)
could be used to derive the vertical sediment distribution
and particle travel paths, for practical application, the pore
size distribution derived from the measured soil water
release curve is sufficient to predict the susceptibility of
different growing media to surface clogging and depth of
vertical particle movement.

Careful selection and construction of growing media with
consideration of appropriate infiltration capacity and pore size
distribution may increase the lifespan of SuDS devices and
reduce the associated clogging risk. Integrating graded filter
design principles with bioretention media design provide
a simple approach to prevent media from high clogging risk,
maximise growing media longevity, and minimise restoration
needs (Hatt, Fletcher, and Deletic 2007; Smith et al. 2021). The
surface filter layer also requires careful design considering sedi-
ment particles and their relation with the filter media pore size
needs (Kandra, McCarthy, and Deletic 2015). A good practical
example of using a surface filter layer can be found in Sheffield’s
Grey to Green Scheme (Susdrain 2016), where a 50 mm mulch
layer made from sandstone was placed over the engineered
bioretention growing media to allow sediment deposition and
reduce the likelihood of localised accumulation and growing
media clogging.

In addition to media pore size distribution, it is
acknowledged that other factors (e.g. sediment load,
inflow duration and intensity, dry and wet weather cycle;
filter design and vegetation) also have the potential to
influence the development of clogging in SuDS growing
media. These factors were not considered in this prelimin-
ary study. However, the experimental set-up and method
developed and adopted in this study provide unlimited
opportunities for further investigations using representa-
tive depths of SuDS growing media. Controlled laboratory
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investigation using the tracer visualisation and analysis
approach is especially important to support the develop-
ment and performance characterisation of new growing
media mixes from the perspectives of surface clogging,
hydrological performance and treatment of solid pollu-
tants, especially those based on reclaimed or recycled
components.

Conclusions

Fluorescent tracer particles that are representative of typical
sizes of sediment particles in surface runoff were used to inves-
tigate and visualise clogging in two growing media. To the
authors’ knowledge, this is the first time such an approach
has been used to characterise the susceptibility of SuDS grow-
ing media to clogging and how that varies with depth. This
provides an indication of how the hydrological performance of
SuDS might be expected to change in the long term.
Experiments with two growing media of contrasting pore size
distribution showed that the depth of penetration and the
clogging risk are linked to the pore size distributions of the
media compared with the particle sizes of the incoming
sediments.
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