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ABSTRACT
The main focus of urban rainwater runoff disposal systems has traditionally been to

provide structurally sound drainage systems with the capacity to carry runoff water from
surfaces such as rooftops, paved streets, highways, parking lots, lawns, and paved and
gravelled roads as quickly and efficiently as possible to the disposal site, without regard,
necessarily, for water quality at the outfall. This has contributed to the decline in the water
quality of rivers and lakes and other receiving bodies. Whilst some progress has been made
towards the reduction in pollution at source, it is the non-point sources of pollution entering
water runoff systems at various points and from different sources that is the most difficult
to monitor and manage.

Recent developments in stormwater quality management have seen the introduction
of stormwater pollutant traps (SPT), which are generally end-of line devices designed to
capture and store gross pollutants and some micro-pollutants, for subsequent removal and
disposal.

The Rocla VersaTrap (VT) range of pollutant traps have been designed to separate
gross pollutants and sediments from stormwater by utilising vortex flow. This vortex flow is
generated by introduction of the influent water tangentially into a cylindrical chamber,
where it descends and exits through a cylindrical stainless steel screen to the exit chamber,
and back into the drainage system.

The VersaTrap Series A SPT is an offline stormwater pollutant trap which utilises an
upstream diversion weir pit to divert the Design Treatment Flow (DTF) into the treatment
chamber. Treated flow is returned to the diversion pit downstream of the weir, where it
re-enters the drainage system. Peak flows in excess of the DTF bypass the SPT over the weir
into the pipeline downstream.

It has been demonstrated that the aggregate of all flows of 3 month Average
Recurrence Interval and less represent the vast majority (up to 97.5%) of the total flow
generated by a stormwater drainage catchment. It is therefore considered that treatment of
all flows up to that generated by a 3 month ARI event will ensure the capture of the vast



Journal of Environmental Research And Development                   Vol. 2 No. 4, April-June, 2008

692

majority of pollutants1. There is some conjecture as to the veracity of the “first flush”
theory, which holds that most of the pollutants in the catchments are transported during the
first flush of a storm event. But it is generally accepted that SPTs should be sized so as to
treat only a proportion of the peak flow, with excess flows bypassing. The 3 month ARI peak
flow is commonly taken as appropriate for establishing the minimum DTF required of the
SPT.

The measurement of head losses across a scale model of a VersaTrap VT Series A
SPT at a range of flow rates through the SPT provide data from which a mathematical
relationship between flow rate and head loss can be established for the device.

The resultant relationship then can be used in tests designed to establish the
hydraulic characteristics of a weir across a cylindrical chamber, as used for the upstream
diversion weir pit in conjunction with the Series A VersaTrap range of SPTs. By varying the
weir height in a scale model of a diversion weir pit and measuring the flow rates associated
with head losses determined from the previously established relationship, the relationship
between weir height and diverted flow can be established. This allows the designer to
specify the weir height required to divert the flow rate associated with a specific peak flow
or treatment flow of SPT DTF.

Testing of the VersaTrap model were carried out under a range of screen
conditions (i.e. partially blocked screen – 10% to 77%) to simulate field conditions and to
provide data from which optimum operating and maintenance regimes can be determined.

Key Words : Offline stormwater pollutant trap, Diversion weir pit, Simulating weir height,
Optimum maintenance regime, Best Management Practices (BMPs).

INTRODUCTION
Today urban runoff is one the most

recurrent cause of pollution to the surface water
in almost any country in the world2. This type
of the pollution is responsible for health hazards
to human and aquatic life. We are observing
the increasing amount of the fund being spent
to capture gross pollutant from runoff
stormwater annually. source control has
become a popular alternative solution for
managing stormwater in urban areas which
constitutes one variant of best management
practices (BMPs) that can be evaluated with
respect to various criteria, including: hydraulic
efficiency, pollution retention, environmental
impact, operation and maintenance, economic
investment, and social and sustainable urban
living3. Therefore stormwater quality issue
should be addressed as a part of awareness to
the communities across the world. As some
of these communities have moved forward with

stormwater utilities and started to implement
these retrofits projects, several questions have
been faced them regarding the selection of
sometimes extremely confusing of the product
called Best Management Practices (BMPs).
Basically the BMPs can be divided into
preventive measures(non-structural practices)
and control measures(structural practices)4.
Each one of these two has its own
characteristics. While preventive measures
include removing debris, minimising pollutants,
diverting runoff, containing stormwater and
educating employees, control measures may
include dry and wet detention basins, infiltration
devices, oil and grease trap devices, sand filters,
vegetative practices and constructed wetlands3.
Many of These off-line BMPs which are
proprietary systems marketed by different
companies which claim their product
effectiveness based on a wide range of test
and experiment. This paper presents an
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independent prototype study in controlled
measures of an off-line stormwater pollutant
trap (SPT) using a scale model to provide a
relationship between head loss and flow rate in
a specific type SPT and the hydraulic
characteristics of a weir in diversion pit. The
motivation behind this experiment is to establish
logical and reliable results for the rapid
production of these devices in the marketplace,
often with little or no independent evaluation of
their performance5. Historical pollutant removal
effectiveness study of BMPs have consisted
of on field monitoring installations under a wide
range of pollutant loadings, storm events,
monitoring procedures, and product sizes which
have led to obvious limitations on pollutant
loading and reliability of measured results3.
Therefore any testing experiment which is
based on rainfall with aforementioned data will
be handicapped by these limitations. There are
a variety of approaches and guidelines available
for selecting the most appropriate types of BMP
for a particular site with, for example, many
states/counties in the United State having their
own stormwater design manuals(e.g. Maryland

Department of the Environment, 2000)4.
Stormwater quality and stormwater quantity
controls are not commonly exclusive and in
many situations the control solutions specified
for the water quality control provide significant
water quality benefit as well5. This could be
achieved by a variety of stormwater storage
and sedimentation technique. The performance
requirements of the stormwater pollutant traps
(SPTs) storage vary in proportion to a number
of site specific conditions including
catchments’ type anticipated pollutants, run-off
flow, capture and entrapment objectives,
groundwater level, groundwater, soil
permeability, and classification of receiving
water among the others.

AIMS AND OBJECTIVES
His experiment is constructed to

investigate the relationship between head loss
and flow rate in a Rocla Versa Trap Series A
(VTA) storm pollutant trap (SPT) and the
hydraulic characteristics of a weir in a diversion
weir pit. A scale model weir-pit is shown in
Fig. 1 below before installation.

The purpose of this investigation with

Fig. 1 : Scaled weir-pit model with inlet/outlet pipes



Journal of Environmental Research And Development                   Vol. 2 No. 4, April-June, 2008

694

controlled conditions is to provide accurate and
reliable documentation of the performance of
the specific structural best management
practice that can be used to predict its
performance in a variety of field conditions.
This investigation also suggests that the
performance of the BMPs studied under
different field conditions (different flow and
sediment). Controlled testing allows us to
isolate specific parameters that affect the
pollutant removal efficiencies which are
difficult, if not impossible to isolate in the field.
These parameters include : the flow rate, inlet
and outlet pipe diameters, weir height, bypass
loop and adjustable isolating valve. The clear
understanding and background knowledge of
open channel vs. closed conduit flow, laminar
vs. turbulent flow, beside the sub-critical and
supercritical flow are also important in design
of stormwater facilities. So in brief,
  Open channel vs. closed conduit flow

A closed conduit (pipe or culvert) may
flow full or partially full, depending on whether
the run-off event is small or larger than the
designed value. Full flow in a conduit is confined
without a free surface and is sometimes
referred to as pipe flow or pressure flow.
Gravity forces still govern, but the additional
pressure head of any surcharge above the pipe
crown must be taken into account. Closed
conduit flowing partially full are analysed as
free surface flow.
  Laminar vs. turbulent flow

Stormwater drain and open channel flow
tends to be turbulent, at least during of the
periods of peak flow, and will have Reynolds
numbers (computed from hydraulic radius)
exceeding 500. Within the turbulent regime
there are sub-classes designated as the smooth
range, transition range, and rough range based
on the thickness of viscous sub-layer compared
to roughness size. These sub-classes are
important since certain uniform flow formulas,
such as Manning equation, are considered more
applicable in the roughness range, while the

Hazen-Williams and Colebrook-White
equations are better suited for the smooth and
transition ranges, respectively. In most design
situations, the flow is turbulent and the Manning
equations can be applied.
  Sub-critical vs. supercritical flow

The flow in open channels and closed
conduits may also be classified according to
the level of energy contained in the flow itself
as represented by Froude number. Subcritical
flow range has Froude number less than 1.0
which characterised by low velocities and high
depths, while supercritical flow has a Froude
number greater than 1.0 and is characterised
by high velocities and low depth developed in
a hydraulically steep channel or pipe.

The classification of the flow according
to subcritical, critical or supercritical conditions
is important for two reasons related to design
of stormwater.

(1) The location of any hydraulic jumps
should be determined so that the associated
energy loss and depth increase can be
accommodated in design.

(2) The location of the critical depth
section in a channel or stormwater drain is
important because that section serves as a
control which water surface profile calculations
can proceed. It also marks a point in the drain
or channel where a unique relation between
depth and its charge exists and therefore
constitutes an ideal flow monitoring location.

By knowing all the principal flow type,
it is fair to state that stormwater runoff usually
will be classified as: unsteady, nonuniform,
closed conduit flowing partially full, turbulent,
and subcritical.  Many departures from this
general rule can of course occur. The analysis
of complex unsteady, nonuniform flow
problems sometimes can be accomplished
satisfactorily by using less precise method
based on steady, uniform flow approximations.
The principal of mass conservation (continuity
equation) which states that the algebraic sum
of inflows to a junction is equal to the sum of
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outflows from that junction, when there is no
storage change6, and the principal of the
conservation of energy (Bernoulli equation)
which states in the steady flow of an
incompressible, inviscid fluid; the quantity
(p/ρ) + gz + (v2/2) is constant along any
streamline, where p is the fluid pressure, v is
the fluid velocity, ρ is the mass density of the
fluid, g is the acceleration due to gravity, and z
is the vertical height7. The above two principals
have been applied through these set of
experiment.

MATERIAL AND METHODS
In the first part of the experiment a

series of tests on a scale model with different
screen blockage and flow rates were conducted
in the open laboratory environment of the Civil
Engineering Department of the Curtin

University of Technology in Western Australia.
In this experiment a base-mounted centrifugal
pump capable of pumping maximum of 12 l /s
water was connected to a reservoir equipped
with a 90o v-notch and an attached hook gage
weir cylinder, measuring the water level above
the v-notch. The pump and reservoir connected
to a scaled SPT model network via a valve
and PVC pipes, tees, and elbows, returning the
circulated water to the reservoir. Two set of
piezometer tubes were installed on the pipe at
section 1 and 21, as shown in the figure 2. The
test was carried out under a range of screen
condition (i.e. partially blocked screen, 10% to
70%) to simulate field conditions and provide
data from which optimum operating and
maintenance regimes can be determined. The
test was limited to 77% blockage.

Fig. 2 : Off-line SPT laboratory network piping plan

Since it is recommended that cleaning
be carried out at or before 50% screen
blockage stage is reached. The actual data
which was used, however, is as measured in

the laboratory at 77 % blocked, which provides
a reasonable factor of safety. Fig. 3 below
shows a scaled experimental set up which was
used in the first part of the experiment.
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The result of the first part of the test
was achieved by an experimental equation
relating the flow rate and inflow and outflow
differential head loss.

At the second part of this experiment
as shown in Fig. 4 a diversion pit with a weir
in the middle and 100 mm inlet/outlet pipe for
flow/bypass was designed, manufactured and
assembled to the existing pump via 100mm
PVC pipe. The SPT of the first test at this
part of the experiment was basically replaced
by a loop of 100mm piping system and
adjusting valve which was connected to the
opposite side of the weir in diversion-weir pit
via pipes. Two sets of manometers were
connected to the inlet and outlet of main pipe
and bypass, to show pressure head across the
weir and the loop. By starting the pump and
adjusting the valve in main piping system which
is located after the pump, while the bypass’

Fig. 3 : Scaled SPT experimental set up

valve is 100% open, we regulate the flow
through the whole system to get approximately
the same amount of the flow which we were
getting through the SPT in first part of the
experiment. This is achieved by reading the
height of the water above the v-notch using
externally installed calibrated hook cylinder to
the reservoir and the following formula below8,

   Q =[Cd 8/15 (2g)^1/2  tan /2 * H2.5]   (1)

Where :
Cd   is coefficient of discharge
g     is the specific number of gravity 9.81 m/s2

    is the v- notch angle (here 90o)

H    is the height of the flow over the weir
To estimate water flow through the SPT,

considering the existence of the weir in the
middle of the weir-pit, diverting the flow to the
bypass loop.

Now by adjusting the bypass valve to
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Fig. 4 : Weir pit and bypass loop

simulate the same differential pressure drops
across the valve (creating the SPT’s blockage
conditions), consequently the water level in inlet
side of the weir increases and here is where
the height of the weir plays its role. By repeating
the above process several times and using the
experimental equation below
       hT = -0.006 Q2 + 10.8 Q +6.2   (2)
which was achieved in the first part of the
experiment, we check the accuracy of the flow
vs. differential head loss.

By applying this method we can Find the
maximum height that each simulated flow
(constrained by the differential pressure drop
and flow rate, governed by equation 2), without
spilling over the inserted weir which can be
achieved. This is basically the maximum flow
which can be diverted. Based on this method
the new sets of data were collected and the
graphs of these sets of data were plotted, which
essentially relates weir height to the diverted
flow rate. by substituting it in the experimentally
achieved equation we established another

equation relating weir height to flow rate.
Basically by completing this stage of the
experiment and by applying the scale factor to
the existing SPT, one can calculate the capacity
of the SPTs and required weir height to divert
the designated flow to SPT and detain the
debris in inner basket to avoid the flood and
direct cleaner stormwater to the outlet part of
the diversion-weir pit.

RESULTS AND DISCUSSION
In the first part of the experiment, by

plotting the graph of the flow vs. inlet pressure
head and outlet pressure head and then result
of combining two plots will be the differential
pressure vs. flow rate for SPT blockage (up to
77%) as shown in graph 1 to 3 below.

Since the values of the screen blockage
up to 33% are in the lower range of the total
pressure drop and are less significant compared
to 44%- 77% screen blockage, which are totally
in different grouping, which are in an
acceptable range of the total pressure drop head
loss and flow rate. Therefore the final equation
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which we came up with is from the plotted
combination curve of 44% - 77% values, with
a mean square value of the 0.97. Therefore
this graph can be used for estimating the total
head loss of any size of SPT of this specific
type (Versa trap series A) with combined data
from 100 to 170 mm (44% to 77%) screen

blocked or using the aforementioned equation
          hT = -0.006 Q2 + 10.8 Q +6.2         (2)

By substituting the flow rate value (Q)
in litre per second in above equation, one can
get the total head loss of the main prototype
very accurately.

Graph 1 : Flow vs. inlet flow
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By knowing the total head values (static
and velocity) of entering and exit water at
a wide range of the flow rates and screen

blockages, the total head losses for the flow
in the SPT were obtained as shown in
Graph 3.

Graph 3 : Flow vs. differential pressure loss

The second part of the experiment was
set up to find the hydraulic characteristics of a
weir in a diversion pit in relationship to the inlet
flow and diverted flow into the SPT. At this

part of the test, a diversion weir pit with specific
height and diameter including a set of different
size of weirs (e.g. 0.5D 0.75, and 1.0 D) of the
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interchangeably inserted in the middle of the
pit, while repeating the procedure
aforementioned. The diversion weir pit which
was selected as a main part of the experiment
connected to the previous reservoir and related
equipment via the pump and 100 mm PVC
piping. The storm pollutant trap of the first test,
at this set up was replaced by a 100 mm PVC
bypass piping loop (connected to the upper and
lower part of the weir pit which are separated
by weir as shown in Fig. 5) and was equipped
with an isolating valve to simulate the SPT’s
pressure drop. Consequently by adjusting the
valve and controlling the passing flow through

the bypass loop, creating differential pressure
data similar to the SPT by reading inlet and
outlet flow through the bypass (SPT) and double
checking the flow by using experimentally
achieved formula as shown by equation 1
above, we collect data relating the
characteristics of the flow in a storm pollutant
trap to the weir height in a diverting weir-pit.

Therefore by plotting the resultant graph
of the flow rate vs. pit’s weir height, we come
up with another equation which relates the
diverted flow to the weir height as shown in
graph 4 below with a mean square value of the
0.998.
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Graph 4 : Flow Vs. Weir height

CONCLUSION
By calculating the required capacity of

the SPT based on the all required data from
the site and therefore knowing the inflow and
outflow diameter of the connecting pipes from
the manufacturer’s data sheets, by considering
any related diversion pit-weir, one can estimate
the weir height to divert designated flow to
the SPT applying the following experimental
equation
          WH = -1.4Q2+47Q + 27.5  (3)

as a result of third experiment. Therefore by
knowing the required capacity of the pit or flow
rate of stormwater in the weir-pit and substi-
tuting it in the equation (3), the height of the
weir can be estimated very accurately.
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