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Abstract

A largequantity of urbanlitter isfinding itsway into thedrai nage systemsto become an eyesore and apotential health hazard. Many
of thetrapscurrently installed are, however, extremely ineffectiveat trapping and storing urban litter. Anextensivereview of some
50 designs indicated that only seven showed much promise for South African conditions, although one or two other designs may
be suitable for specialised installations. This paper describes the seven most promising options and recommends a trap selection
procedure. A preliminary assessment of the seven most promising trapping structures concludes that three designs - two utilising
declined self-cleaning screens and the other utilising suspended screens in tandem with a hydraulically actuated sluice gate - are
likely to be the optimal choice in the majority of urban drainage situationsin South Africa.

Introduction

Urban litter, defined as visible solid waste emanating from the
urban environment (Armitage et al., 1998), and henceforth called
simply “litter, isextremely difficult to trap and remove onceit has
entered the drainage system.

Although the central areas of most South African towns and
cities are provided with the normal civil engineering services,
poverty and mismanagement have often led to the partial collapse
of such basic services as litter collection and removal. Further-
more, many millions of peopleliveininformal settlements on the
urban fringewhere servicesarerudimentary or non-existent. Run-
off fromrainfall soon carriesthelitter into the drainage system. To
compound the problem, even in areas where formal stormwater
drainage conduits exist, they are often used as a form of refuse
removal. Grids cannot be placed over stormwater drainage en-
trancesfor fear of blockage and consequential flooding, and when
they are provided, they are frequently stolen. For many, the
struggle for survival takes precedence over care of the environ-
ment.

Inview of theabove, the Water Research Commission of South
Africa funded a four-year study into the removal of urban litter
from stormwater conduits and streams (Armitage et al., 1998)
looking particularly at the design of litter traps. Some 50 different
designsfrom around theworld wereevaluated intermsof anumber
of genera criteriaincluding:

» the size of catchment that could be serviced by the device

(which isrelated to the runoff and the litter loads);

« thetypical cleaning frequency;

« thehydraulic head requirement for operation;

» theefficiency (expressed asapercentageof litter removedfrom
the flow);

e the capital and operating costs; and

« any other features that might make the structure attractive or
unattractive to the potential user.
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The traps investigated included: in-line screens, self-cleaning
screens, booms, baffles, detention/retention ponds, and vortex
devices. In the end, seven patented devices were identified as
showing the most promisefor South African conditions- although
one or two other designs may be suitable for specialised installa-
tions.

A rational selection procedure, presented in this paper, was
then developed to assist designers with the choice of the optimal
trap for aparticular situation. Finaly, the seven patented devices
were evaluated for possibleinstallation in atypical (hypothetical)
catchment.

The most promising litter trap designs

Side-entry catchpit trap (SECT)
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Cross-section through a typical SECT

A perforated tray is mounted on metal supports next to and
underneath a catchpit opening (Fig. 1). Stormwater either flows
through the perforations leaving the litter behind, or, if the perfo-
rationsareblocked and/or thetray isfull, thestormwater flowsover
the back wall of thetray. To removethelitter, the basket is either
manually cleaned, or it is vacuum educted (“sucked” clean) and
washed with water under high pressure (M elbourne Water, 1995).
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The North Sydney litter control device (LCD)

A dropisprovidedinapit between theinvert of theinflow pipeand
theinvert of the outlet. Thisdropisinthe order of ametre, which
catersfor removable baskets and asmall gap below them. Above
the removable litter baskets is an inclined trash rack with vertical
bars. Thistrashrackisinclined towardsthelitter basketsto prevent
the inflow from scouring out previously deposited litter. It is
hinged so that it can be pushed back to enable easy removal of the
litter baskets (Fig. 2) (Brownlee, 1995).
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Section through a typical LCD

The in-line litter separator (ILLS)

A carefully shaped boom situated in the separator pit deflects the
flow intotheholding pit. Onceintheholding pit, theflow isforced
down under asuspended bafflewall and up over aweir beforebeing
returned to the separator pit downstream of the boom. The rela-
tively large plan area of the holding pit ensures that the average
vertical flow velocitiesarelow enough to prevent carry-through of
those objects, such as plastic bags, that have a negligible settling
velocity (positive or negative) (Fig. 3).

Inthe event of particularly high flowsthrough the stormwater
conduit, theincreased water level son both sidesof theboom causes
ittofloat out of theway, ensuring that upstream flood level sarenot
affected by the structure, and the litter already trapped in the
holding pit is not washed out. The boom is restrained by rods,
whichareattached toitsupper surfaceand thewallsof the chamber
above the pipeinlet, in such away that the boom is free to rotate
about a hinge at the wall (Swinburne University of Technology,
1996).

The continuous deflective separation (CDS) device

The flow in a stormwater conduit is deflected into a circular
pollutant separation and containment chamber. Gross pollutants
are separated within the upper separation portion of the inner
chamber withthe aid of aperforated plate screen which allowsthe
filtered water to pass through to a volutereturn system and back
to the outlet pipe. The water and associated pollutant contained
within the inner chamber are kept in continuous motion by the
vortex action generated by the incoming flow. This hasthe effect
of keeping the gross pollutant in the containment chamber from
blocking the perforated plate screen. The heavier pollutants
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Plan of, and cross-sections through the ILLS

ultimately settle into the lower solids collection sump, whilst the
flotsam floats on the surface of the containment chamber (Wong
and Wooton, 1995) (Fig. 4).

The Baramy® gross pollutant trap (BGPT)

Flow from a conduit isdirected over ascreen declined at an angle
of about 20°. The water flows through the screen and either goes
under the collection shelf (direct flow version), or around it (low
profileversion). Thelitter isseparated fromthewater by the screen
andisdeposited onthecollection shelf ready for removal by askid-
steer loader (Bobcat or similar) which gainsaccessdownaconcrete
ramp (Baramy) (Fig. 5).

The stormwater cleaning systems (SCS) structure

The SCS structureis similar to the BGPT except that the screeniis
mounted onthecrest of aweir and isdeclined at approximately 45°
below the horizontal. There are two alternative layouts: with the
weir directly in the path of flow for small flows emanating from,
say, a pipe; and with the weir lying parallel to the initial flow
direction for the larger flows in canals. A settling basin can be
provided upstream of the welir to trap the bed-load separately if
required (Armitage et al., 1998) (Fig. 6).
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Horizontal and vertical sections through the CDS device
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BGPT - typical direct flow version
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Plan of, and long-section through, the SCS structure

The urban water environmental management (UWEM)
concept

A hydraulically controlled sluice gate is used to create the neces-
sary head required to force the stormwater through a series of
screens, under asuspended bafflewall and over aweir. Intheevent
of amajor flood coming downthechannel, thes uicegate automati-
caly liftsto passthe peak and prevent upstream flood levelsfrom
being raised higher than they would have been had there been no
structure at al (Armitage et al., 1998) (Fig. 7).

Thedeviceisreadily adapted totheremoval of pollutantsother
thanlitter e.g. silt or sewage. It canbedesignedtohandlevery large
flows. Itschief advantage however isthat it canbeappliedinareas
with flat gradients such as along the coast, as the head that is
required to operate the trap is generated by the hydraulically
operated duice gate.

Other potential trapping structures

The investigation also indicated a potential application for some
other devicesin specialised situations. These included:

¢ booms (for the removal of surface materia only);
fences or nets across slow-flowing channels; and
ponds / wetlands.

In every case, flow velocities must be kept low at all times, and

cleaning/maintenanceisabig problem (see Armitageet a. (1998)
for further information).
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end-of-pipe (LCD, CDS, SCS, BGPT); and
canal / stream (BGPT, SCS, UWEM, fencesor
nets across streams, ponds and wetlands).
access ramps

Notrapis100%effective. Furthermore, itisoften
morecost-effectivetoaimfor atrap efficiency of,
say, 70% and look to trap the balance at another
pointinthesystem. Many trapsareonly designed
to handle pesk flow rates in the region of 1:1
month recurrence interval (i.e. the structure is
bypassed twelve times ayear on average) to 1:2
years (which is the capacity of many conduits).
The surplus flow - with its associated litter - is
bypassed. Considerationshouldthereforebegiven
to providing at least two lines of traps e.g. side-
entry catchpits at key locations together with a
number of in-pipe or end-of-pipe traps down-
stream.

Another important issueisaccessfor cleaning
and maintenance- particularly for thelarger struc-
tures. Ease of maintenanceiscrucia. Trapping
efficiency will rapidly fall to zeroif thetrapsare
not properly cleaned and maintained. In some
instances, the cost of providing adequate access
may be more than the structure itself.

The suitability of particular traps

Once suitable trapping points have been identi-
fied, the main criteriadetermining the suitability
of aparticular trap in that location are: the flow
rate, allowable head loss, size, efficiency, reli-
ability, ease of maintenance, and cost effective-
wall ness. The first three items are site constraints,
whilst the balance depend on the structure under
consideration.

Considering only thesiteconstraints, theavail-
able structures may be roughly divided into:

“low flow” or “high flow”;
“low head” or “high head”; and

upstream — brick baffle
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Figure 7

Plan of, and section through, the screens at the UWEM Pollution Control Works on

the Robinson Canal, Johannesburg
The importance of trap location

Thechoiceof trapping structureissite-specific. Thelocationof the
trapsistherefore akey decision. Clearly, the closer to the source
atrap islocated, the smaller the flow and therefore the smaller the
structure required. On the other hand, many more of these struc-
tureswill berequired to cover the entire catchment. The construc-
tion and maintenance of large numbers of smaller trapsmight well
be greater than the construction and maintenance of one or two
larger traps situated at the mouth of the main canal or the stream
draining the entire catchment.

Trapping points and the typical associated structures may be
loosely categorised as follows:

entry (SECT);
in-pipe (CDS, ILLS, LCD);
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— © “small”, “medium” or “large”.

where the division between “low” and “high”
flow may be taken to be roughly 1m®s; the
division between “low” and “high” head may be
taken to be roughly 0.5 m; and structures may be
described as “small” if they are contained wholly within the
channel, “medium” if they areonly slightly larger thanthechannel,
and"“large’ if they requireconsiderableextraspaceor if thechannel
must be widened.

The better available technol ogies may be loosely categorised
asfollows:
" low flow, low head structures (“small” - SECT, “medium” -
ILLS, “large” - CDS);
low flow, high head structures (“medium” - LCD, “large” -
BGPT, SCS);
high flow, low head structures (“small” - fences, nets, booms
or baffles, “large” - UWEM, CDS); and
high flow, high head structures (“medium” - BGPT, “large” -
SCS).
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TABLE 1
SUMMARY OF THE ATTRIBUTES OF THE SEVEN MosT PRoMISING LITTER TRAPS
Device Typical Typical cleaning Head Maximum Comments on performance
catchment frequency require- efficiency
area (ha) ment (%)
SECT 01-1 Monthly or after Low 59- 76 Need to be able to target the catchpits with
every major storm | (effectively) | (50 —100% the highest loads. The efficiency of the
coverage unit is strongly affected by the number
respectively) of un-trapped catchpits and the cleaning
frequency.
LCD 20- 150 Monthly or after High 25 Inefficient in high flows but collects most
every major storm material at low to medium flows. Likely to be
arelatively expensive option. Relatively easy
to clean.
ILLS 5-25 Monthly or after Low 25 Little data available. Likely to be arelatively
every major storm expensive option. Moving parts may cause
problems.
CDS 10- 200 4 times ayear Low 99 Very efficient trapping device, but very
expensiveto install and tedious to clean.
BGPT 10- 500 4 times ayear High 95 Little prototype data available, but shows
considerable promise. Compact. Easy to clean
SCS >1 Monthly or after High 95 Workswell providingtheheadisavailable. Easy
every major storm to clean.
UWEM >400 After every major Low 90 The concept of generating head in-situ viaa
(effectively) storm hydraulically actuated sluice shows
considerable promise for use with other
structures e.g. Baramy® , SCS.
The recommended selection procedure T = Zf_.(V,+B)A, Q)
Oncethedesigner hassomeideaof the potential trapping point and where:
associated structures, the recommended selection procedureis as T = totd litter load in the waterways (m?®/yr)
follows: f = street cleaning factor for each land use (according to
provisional South African data, thisvariesfrom 1.0for
1 Identify each catchment with its associated drainage system/ regular street cleaning to about 6.0 for non-existent

waterways. It may be necessary to divide the catchmentsinto
sub-catchments depending on the number, type and | ocation of
structures envisaged.

| dentify and measurethe areaof eachland use (A ) within each
catchment (the main categories being commercial, industrial
and residential).

Estimatethetotd litter load (T) in each catchment area. Inthe
unlikely event that there are existing litter traps of known
efficiency aready operating in the catchment/s, information
gleaned from these traps would be used to estimate the total
litter load/s. Otherwise, estimate the street cleaning service
factor (f_,), thevegetationload (V) and thebasiclitter load (Bi)
for eachland usein each catchment or subcatchment, and apply

Eq. (2):
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4

street cleaning/complete collapse of services)
vegetation load for each land use (m®/yr) (according
to provisiona South African data, this varies from
0.0 m¥ha:yr for poorly vegetated areas to about

0.5 m¥ha:yr for densely vegetated areas)

basic litter load for each land use (m®yr) (according to
provisional South African data:

commercia 1.2 m¥hayr

industrial 0.8 m¥hayr

residential 0.01 m¥/ha-yr)

area of each land use (ha)

A

For each potential trap site, carry out an hydrological assess-
ment of theflood peak versusfrequency curve (Fig. 9) and the
treated flow volume versusthe design capacity of thestructure
curve (Fig. 10).
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Schematic flood peak/frequency curve
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Schematic treated flow volume/design capacity of structure curve
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Theflood peak / frequency curveisaplot of theflood peak in
mé/svs. theinverse of the probability of exceedance expressed
in monthsor yearsand called therecurrenceinterva (RI). If a
flow of, say, 1 m¥shasaRl of 2 years, then it meansthat aflow
of 1 m¥s will only be exceeded once every two years on
average. Alternatively thereisa50% probability of aflow of
1 m®s being exceeded in any one year.

The treated flow volume/design capacity of the structure
curve expresses the percentage of the total flow volume inter-
cepted by astructurevs. itsdesign capacity. Thecalculationis
shown schematically in Fig. 11.

flow
(m¥ls)

flow volume bypassing
the structure

design capacity of the structure

flow volume intercepted
by the sructure

time

Figure 11
Typical flood hydrograph indicating the relative volumes
intercepted by, and bypassing the structure
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Its significance lies in the fact that trapping structures are
seldom designed to handle the maximum expected flood peak.
Usually they are designed to handle a much lower flow -
typicaly with an RI in the order of a few months - on the
assumption that the total flow volume bypassing the structure
will be a relatively small percentage of the total. If the
assumption (usually conservative) is made that the concentra-
tion of litter is constant (it usually decreases with high flows),
then the overall trapping efficiency of the structure at any
design capacity can be calculated from a knowledge of the
proportion of flow passing through the structure. Oncethisis
known, considerable cost savings can often be made at the
expense of aminimal drop in efficiency by selecting asmaller
structure with a slightly higher bypass ratio.

The hydrological assessment would typicaly be carried
out with theassistance of one of thenumerousurban hydrology
computer packages. Alternatively, a rough estimate may be
obtained with the assistance of the well-known rational for-
mula by assuming triangular shaped hydrographs with flood
durations of three times the time of concentration. Care must
betaken to ensure that the capacities of any conduitsare taken
into account.

Consideration is now given to the candidate trapping struc-
tures. Onceapreliminary selection has been made, the patent
holders/suppliers should be contacted for more up to date
information on design and cost.

Storm litter loads may be estimated from Eq. (2):

S = f T/, 2
here:

storm load in the waterways (m?3/storm)

storm factor (according to provisional South African
data, thisvariesfrom 1.0for astorm occurringlessthan
aweek after a previous downpour; to about 1.5 for a
storm occurring after adry period of about three
weeks; to about 4.0 for a storm occurring after adry
period of more than about three months)

the sum of al the storm factorsfor all of the stormsin
theyear (since thisinformation is generally not avail-
able, a suggested aternative is to count the average
number of significant stormsin ayear and multiply
by 1.1)

wi
S
f

S

sf, =

The cost-effectiveness of the candidate structures may now be
determined by meansof aneconomicanalysis. Therearemany
waysof carrying out thiseconomic analysis, but thesimplestis
described below:

a) For each particular structure, consider several design ca-
pacities with RIs varying between, say, 1:1 month (the
structure is bypassed twelve times a year) to 1:2 years
(which is the capacity of many pipe conduits). For each
design capacity, obtainan estimateof theoverall efficiency
of the trap by multiplying the published trap efficiency by
the percentage of flow volume treated by the structure, as
previously determined in step 4. above, using Eq. (3):

N, = NNy ©)
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where:

n, = overal efficiency of theinstallation

n, = published efficiency of the structure

n, = treatedflow volume expressed asafraction of the

total flow

b) Therequired storage capacity can be calculated by multi-
plying the proposed average cleaning frequency indaysby
the average estimated stormload, S, (determined with the
aidof Eqg. (2) aboveutilising atypical stormfactor f_for the
area) and by the overall efficiency of the installation, and
dividing this product by the average storm freguency (in
days) during the wet season determined from municipal
records. The calculation isshown in Eqg. (4):

VvV, = F.n.S,/F, 4
where:

V, = required trap storage (m?)

F. = average cleaning frequency (d)

n, = overal efficiency of theinstallation

S, = average estimated storm load (m°)

F. = average storm frequency (d)

»

The storage capacity must al so be morethan the maximum
stormload, S, , whichisdetermined from Eq. (2) utilising

the maximum expected value of f,

¢) Foreachparticular typeandsizeof structure, decideonthe
repayment period, and estimatethe capital cost and thereal
interest rate (areasonabl e approximation isto subtract the
historic average inflation rate from the historic average
nominal interest rate). The capital recovery amount may
then be determined from Eq. (5):

A = Pi(1+H)Y((A+)-1) (5)
where

A = capita recovery amount (R/yr)

P = capital cost of the structure (R)

i = interest rate (expressed as afraction)

n = repayment period (years)

Owingtoinflation, theinitial paymentswill behigher than
thelater paymentsinreal terms, but thisdoesnot changethe
overal picture.

d) Thetotal volume of litter that thetrap islikely to intercept
each year at each particular design capacity is obtained by
multiplyingthetotal litter |oad estimatedin Step 3aboveby
the overall efficiency of the installation using Eq. (6):

L = Tn, (6)
where:

L = load trapped by the structure (m?yr)

T = totd litter load (m®/yr)

n, = overal efficiency of theinstallation

€) Thetotal annual cost of the structureis obtained by adding
the annual capital recovery amount to the annual cost of
cleaning and maintaining the structure using Eq. (7):
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C = A+C, @

t

where:

C, = total annual cost of the structure (R/yr)

A = capita recovery amount (R/yr)

C_ = annual cost of cleaning and maintaining the

structure (R/yr)

f) Theunit cost of litter removal for any particular structure
and design capacity isobtained by dividing thetotal annual
cost of the structure by the estimated annual load that will
be trapped by the structure as expressed in Eq. (8):

CcC = C/L (8)
where:

C = unitcost of litter removal (R/m®)

C, = total annual cost of the structure (R/yr)

L = load trapped by the structure (m3/ha-yr)

Unit costs in terms of R/kg or R/ha may be obtained by
dividing the unit cost of litter removal by thelitter density,
or by dividing the total annual cost of the structure by the
catchment area respectively.

Intheory, thetrapping system may now beoptimisedtogivethe
lowest overall unit cost of removal. In reality, abalance must
be struck between the desire to achieve the lowest overall unit
cost of removal, and the overall objectiveof removing asmuch
litter fromtheaquati c system asisreasonably possible- in other
words, achieving the maximum efficiency. Thisisapolitical
decision which requires input from all the role players con-
cerned withtheremoval of litter from the environment, includ-
ing engineers, hydrologists, aguatic scientists, environmental
interest groups, ratepayersand local government. One further
caution: dataontrapping structuresaresite-specificand highly
variable. Costs and efficiencies may vary considerably from
siteto site.

The litter removal process is summarised in Fig. 12. The trap
selection procedure is summarised in Fig. 13.

A preliminary assessment of the seven most

promising litter traps

The trap selection procedure was applied to a hypothetical catch-
ment making the following assumptions:

the catchment comprises the CBD of a medium-sized town
(50% commercial, 30% industrial, 20% residential);

the catchment areais 100 ha (1 km?);

itissituated in the summer rainfall areaof South Africawitha
mean annual precipitation = 850 mm;

thetopography and layout permitstheinstallation of any of the
seven most promising litter traps;

the underground drainage system is designed for 1:2 year
recurrence interval (RI) storms;

there are 400 catchpits (a density of 4/ha);

thereisregular street cleaning;

there is no vegetation load;

the runoff coefficient is 0.7 (70% of the storm rainfal is
transported by the drainage system during the storm);
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Figure 12
The litter removal process

thetime of concentration of therainfall (the time theoretically
taken for arain drop faling on the most remote point of the
catchment to reach the trap) = 30 min;

there are 50 significant rainfall events (more than 1 mm
rainfall) ayear concentrated in the summer rainfall season;
only recurrence intervals of 1:1 month and 1:2 years need be
considered; the associated critical rainfall intensities were
assumed to be 21 and 51 mm/hr respectively;

the economic analysis is to be carried out assuming a repay-
ment period of 20 years and areal interest rate (after taking
inflation into account) of 6%.

TABLE 2
THE SEVEN MosT PRoMISING LITTER TRAPS RANKED IN
ORrDER OF UNiT CosT
# Device Traps n%) | R/m?
1 | Baramy® (1:1 month RI) 1 86 137
2 | SCS(1:1 month RI) 1 86 185
3 | UWEM (2:1 month RI) 1 81 227
4 | Baramy® (1:2 year RI) 3 95 270
5 | SCS(1:2year RI) 1 95 307
6 | UWEM (1:2year RI) 1 90 323
7 | SECTs (50% coverage) 200 59 1932
8 | SECTs(100% coverage) 400 78 1986
9 | CDS(1:1 month RI) 3 89 2157
10 | ILLS 20 25 2198
11 | LCD - 25 3860
12 | CDS(1:2year RI) 6 99 3874
202 ISSN 0378-4738 = Water SA Vol. 26 No. 2 April 2000

Fromthisinformation, thetotal litter load for typical South African
conditions was estimated to be 84.2 m3/yr. Applying the Rational
Method to the hypothetical catchment gavea 1:1 month peak flow
of approximately 4 m®/s, and a 1:2 year peak flow of approximately
10 m¥/s.

The outcome of thisanalysisis summarised in Table 2. Unit
costs per tonne of litter removed are obtained by dividing by the
density of litter (accordingto Armitageet al ., 1998, thisistypically
0.095 kg/m?).

With the assumed catchment data and the latest cost data to
hand, it appears that:
¢ TheBaramy®, SCSand UWEM deviceshavealower unit cost

than the remaining four structures.

e The CDS unit offers avery high removal efficiency, but at a
high unit cost. Unit costs may, however, be brought down if
high bypass ratios are used.

e SECTs offer the advantage of being a potential catchment
management tool as they show where the bulk of the litter is
being generated.

e ThelLLS and LCD structures appear on the surface to be
costly, but have the advantage that they are small and can be
installed under streets in confined spaces. The ILLS has the
additional advantage that it requires very little head.

In addition, though not considered in the eval uation above, fences,
nets, weirs, booms or baffles may be the most cost-effective
structures of all, provided a suitable slow-flowing stream or pond
isavailable. A major problem with these devicesis cleaning and
maintenance. Idedlly it should be possible for the channel to be
periodically drained for cleaning and maintenance purposes. An-
other avenueto exploreisamix of technologies. For example, the
hydraulically actuated dluice gate that is used in the UWEM
approach could beusedto generatetherequired headtorunaBGPT
or a SCS structure.

Table2must not beread asvalidfor every situation. Theresults
of the analysiswill be strongly influenced by the site location and
conditions. Furthermore, cost isnot the only consideration. Lack
of head may rule out the BGPT and SCS devices. Lack of space
may rule out the UWEM approach. The desire for a catchment
management tool may favour the choice of SECTS. A requirement
for exceptionally high removal efficiency may prompt theinstalla-
tion of aCDS unit. A small catchment may be best served by an
ILLS or LCD. The final choice of trapping structure will be
specific to each site and situation.

Most sites in South Africawould probably be best served by
SECTs installed in key catchpits around the CBD, and a BGPT,
SCS or UWEM unit installed on the main outlet conduit to the
catchment, with head provided by a hydraulically actuated sluice
gate if required.

Conclusions

This paper presents arational method of determining the optimal
litter trapping system and shows the outcome if this method is
applied to the seven most promising traps of some 50 that were
evaluated as part of the Water Research Commission of South
Africa study into the removal of urban litter from stormwater
conduits and screens. Three designs - two utilising declined self-
cleaning screens (the Baramy® Gross Pollutant Trap and the
Stormwater Cleaning Systems structure), and the other utilising
suspended screensin tandem with an hydraulically actuated sluice
gate (the Urban Water Environmental Management concept) - are
likely to be the optimal choice in the mgjority of urban drainage
situations in South Africa.

Available on website http://www.wr c.org.za



Step 1:

Carry out an hydrological assessment of:
¢ flood peak / frequency
¢ treated flow volume / design capacity

Step 5:
Consider candidate trapping

Identify each catchment
with its associated drainage
system
Step 2: Main categories:
Identify and measure the e commercia
area of each land use e industrial
\l/ e residentid
Step 3:
Estimate the total litter |oad For each land use, estimate:
from Eq.1: « the street cleaning factor
T=Zfai.(Vi + By).A «  the vegetation load
\]/ - thebasiclitter load
Step 4:

Main criteria

« thelocation

¢ theflow rate

¢ thedlowable head loss
¢ thetrapsize

« thetrap efficiency

« thetrap reliability

structures
Step 6:

Determine the expected

¢ the ease of maintenance
* cost effectiveness

Estimate:

storm loads from Eq. 2:
S=1fT/Yf4

v

¢ thestorm factors
« thesum of all the storm factors

Step 7:

and calculate for each:
a) theoverall efficiency (Eq. 3) : o =NsN¢

For each particular structure at each location, consider arange of design capacities

b) the storage capacity (EQ. 4) : Vi = FcNo.Sa / Fsand V= Sy
¢) thecapita recovery amount (Eq. 5) : A = P.i(1+)"/((1+)"-1)
d) thetotal volume of litter trapped (Eq. 6) : L = T.no

e) theannua cost of the structure (Eq. 7) : C;=A + C;

f)  theunit cost of litter removal (Eq.8):C=C;/L

v
Step 8: Input from all role playersind.:
Choaose the most acceptable e engineers
sol ution balancing: «  environmental interest groups
e cost, e ratepayers
« efficiency, « local government
¢ sediment removal,
* aesthetics, etc.

Figure 13
Summary of the trap selection procedure

Disclaimer

Most of the more successful structures have been patented and are
available only from approved suppliers. Mention of atrade name
doesnot indicatethat either the Water Research Commission or the
authors necessarily support the product in question. They are
described in this paper in an attempt to indicate some of the best
available technologies. There may of course be other structures,
not described in this paper, that might remove litter from drainage
systems more efficiently and effectively than those described
herein.
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