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Report on the Test of a Source Control Oil Separation
System
Alan P Newman and Tim Puehmeier

Introduction and Rationale
Sustainable Drainage Systems (SUDS) are increasingly being used to reduce the
adverse effects of development on run off from urban surfaces into streams and
rivers. A fundamental principle of SUDS is source control, i.e. controlling the
volume of run off and improving its quality as close as possible to the place
where the rainfall hits the ground (Woods-Ballard et al. 2007).
As an integral part of SUDS solutions a diverse range of techniques are used to
deal with the storm water whilst addressing the key idea of the SUDS philosophy
which focus on water quantity, water quality and amenity. SUDS take a holistic
approach to all these parameters and none of them should be neglected.
There are numerous treatment techniques available for the design of SUDS
solutions. They range from softer solutions (landscaping) including ponds, swales
and wetlands to harder devices (constructed/engineered systems) such as
pervious pavements and interception devices.

Water quality aspects
Urbanisation and land development are commonly associated with significant
negative impacts on the environment (increasing run-off water
volumes and pollutant loads). Pollution arising from such often
individually minor, point sources contributing to what has been
identified as an increasingly significant problem, diffuse
pollution, not least because recent improvements in control of
identifiable point sources (such as water pollution from a site
wastewater discharge outlet). Thus pollutants mobilised from
surfaces are now becoming recognised as a major cause of
decline in the quality of controlled waters (D'Arcy et al. 2000).
The pollutants are specific to the land use and in areas where
Figure
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typical surface pollutants available for mobilisation by precipitation are found
such as:
•
•
•
•
•

sediments, oils, grits,
heavy metals, fertilisers, pesticides,
animal wastes, salts,
pathogens and
litter.

Those deposited pollutants are flushed away during rain events, collected from
impermeable surfaces and will be concentrated within the drainage systems and
are often discharged to aquatic ecosystems with little or no treatment.
Among those harmful substances listed above hydrocarbons are one of the major
pollutant groups affecting the environment.

Hydrocarbon pollution
Hydrocarbons are both one of today’s prime energy sources and key
components consumed by modern society in the role of lubricants and solvents
thus contributing to losses to the environment. Resulting from this and the usage
of hydrocarbons in general is the occurrence of frequent accidental spills, despite
all technological advances to prevent them from taking place. These spills are
often from transportation, storage and distribution or the unnoticed release. As an
example petroleum hydrocarbon contamination of aquifers presents a serious
threat to ground water resources. Incidents with mineral oil products such as
crude oils, engine oils, petrol, and diesel result in severe and complex
contaminations with their multiple compounds (Bockelmann et al. 2003; Chaplin
et al. 2002; Heidrich et al. 2004; Meckenstock et al. 2004).
The diffuse discharge of oil and hydrocarbons to urban receiving waters
constitutes a major pollution source being responsible for up to 17% of all
reported water pollution incidents in the UK (Ellis et al. 2006). In order to quantify
the pollution problem in a more comprehensively way Brian D’Arcy has produced
a review looking in depth into the hydrocarbon pollutions problems in the UK
(D'Arcy 2008). The review concludes that the extent of the pollution problem is
equivalent to 17 full road tankers of oil per year being lost to the urban surface
water drainage system of an area as limited as the region of West Yorkshire in
England (0.8% of UK area; Wikipedia 2008; Non UK readers are directed to
towards the appendix for an illustration of its relative size).
This report describes the effectiveness of a new hydrocarbon interception device
which provides an additional option to SUDS solutions when paved areas are to
be drained.
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Systems for dealing with hydrocarbons spillages
Oil interceptors
These are basically large tanks or chambers incorporating a means of drawing
water from the base of the tank leaving oil floating at the top. More modern
designs often also incorporate proprietary inserts to aid the separation of oil from
water. The guidelines regulating the ‘Use and Design of Oil Separators in Surface
Water Drainage Systems’ (PPG 3 2000) requires either Class 1 or 2 separator
performance under standard test condition will limit the effluent oil concentration
to 5 mg/l or 100 mg/l, respectively. (Ellis, J. B. et al. 2006)
However PPG3 acknowledges also that these limits may well not be complied
with when installed in the field because of various effects:
•
•

This can be due to very high flows. Normal oil separators allow oil to
become entrained in a high velocity water stream before separation.
Due to dissolved or emulsified oils originating from vehicle washing
caused by degreasers or surfactants.

Source control systems
As alternatives to end of pipe treatment systems there are other approaches
available which have collectively become known as source control systems.
These can best be considered as overlapping with and to a great extent forming
a subset of sustainable drainage systems (SUDS). The best example of such
systems include such devices as pervious pavements (PPS) but the range of
devices available has grown markedly in recent years (Woods-Ballard, B. et al.
2007).
When considering the oil retaining potential of such devices (which is only part of
the aim of the devices) an advantage of these systems is that unlike conventional
oil interceptors they trap the oils at source before changes in the nature of the
pollutant, caused by the conveyance system, make the separation more difficult.
In the case of pervious pavements they allow water to infiltrate into hard surfaces
and the underlying construction is designed to clean the water, store it and either
infiltrate it to the ground or slowly release it to a drainage outlet. Correctly
designed pervious pavements have been shown to remove the majority of
pollutants present in stormwater runoff caused by small scale incidents (Pratt et
al, 2002). This is achieved by filtration and also by biodegradation of
hydrocarbons that are adsorbed to materials within the construction. However
although it has been demonstrated to deal with typical low volume pollution (Pratt
et al 2002) such as that from slow leakage of oil from a car over time it can be
difficult to deal with large scale spillages of pollutants originating from accidental
vehicular accidents, lorry parks or industrial areas (Puehmeier T. et al. 2004)
including relatively small scale, but frequent incidents such as car oil sump
failures.
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This introduces another aspect of the SUDS philosophy which is the treatment
train approach. This builds in redundancy into the system whereby, for example,
a sub-surface detention tank, necessary for attenuation of discharge, can also
provide a back up water treatment performance in the event of an upstream
component becoming overwhelmed either by a catastrophic spillage or a system
malfunction. The use of numerous and dispersed upstream devices in small subcatchments also means that in the event of a minor escape from one sub-system
the dilution with clean water from unaffected devices provides an overall system
with the required performance. The guidance provided for SUDS design
increasingly stresses the need for this treatment train approach.

The Gullyceptor - Oil interception system
As mentioned above oil interception devices have been widely used for dealing
with hydrocarbon pollutants emanating from numerous sources (see
“Hydrocarbon pollution” above). However the Gullyceptor takes a significantly
different approach to the problem by providing hydrocarbon treatment within the
SUDS systems serving localised hardstandings thus treating the water close to
the source.

Figure 3 Gullyceptor System – Installation Example

Thus Gullyceptor units are designed to serve smaller sub-catchments as part of a
source control treatment train. This allows easy integration of conventional
hardstandings with gullypot drainage and, where appropriate, within an overall
site specific SUDS design.
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This task would prove very difficult to achieve with a conventional downstream
interceptor. Moreover, as indicated above, the contemporary SUDS design
guidance is moving away from such end of line, large tank oil interceptor designs
as these do not meet the recognised SUDS criteria.
The Gullyceptor system is typically designed to receive drainage from a
catchment area of 75m2 with a flow not exceeding 3 l/s.
Working principle of Gullyceptor (MKII)
The Gullyceptor system illustrated below (see Figure 4) depicts a typical
installation situation. The stormwater originating from the impervious surfacing
(mostly tarmac or block paving) enters the Gullyceptor via the road gully (see,
Figure 4, 1) that is attached directly to the system.

Figure 4 Typical section through Gullyceptor Installation

The gully (see Figure 4, 2) provides several functions; primarily it serves to
receive the storm water from the hardstandings. During this first stage the inflow
is slowed down and the velocity is taken by the gully structure. Furthermore silts
and larger particulates are also separated out in this step. As the Gully
incorporates a primitive baffle arrangement a fraction of the hydrocarbons is
either retained or will only be allowed to be slowly transferred further. The
Gullyceptor is thus a treatment system operating by gravity separation of the
hydrocarbons on the basis that the oil will float on the water because of its lesser
density.
The raised inlet (see Figure 4, 3) and outlet (see Figure 4, 6) of the Gullyceptor
unit are formed on both sides a weir arrangement creating a permanent pool of
water. As effluent enters the Gullyceptor treatment chamber the hydrocarbons
are stilled by the first stilling baffle (see Figure 4, 4) and partially retained. They
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are finally retained by the subsequent “primary” baffle (see Figure 4, 5). As
highlighted above the oils are separated gravimetrically whereas the clean water
is discharged below the second baffle and is flows out over the weir (see Figure
4, 6).

Trial
A laboratory trial of the Gullyceptor was undertaken on the premises of SEL
Environmental, Bury, UK (see Figure 5, for schematic of experimental
arrangement).
The procedure of the test reported here for the oil retention performance was
undertaken using methods developed from the European Standard 858:2002
(BSI 2002) with modifications to more correctly reflect the challenges that need to
be met by the source control system.

Figure 5 Gullyceptor Test Arrangement

The test protocol was designed to simulate worse credible pollution and rainfall
events. Table 2 shows clearly that chemical testing of samples taken from the
water issuing from the trial system show that the risk of pollution is minimal, even
when considering catastrophic pollution events.
The trial system, constructed for this trial, comprised a full size Gullyceptor unit
(1062 mm x 708 mm x 300 mm) which was installed in the laboratory simulating
the conditions as installed in the field (as shown in Figure 3). The system tested
did not include Permafilter Biomat inserts as incorporated into the latest MKII
model (this is discussed later in this report).
The system under test was receiving the stormwater/oil mixture from a separate
mixing chamber (725 mm x 360 mm x 450 mm) discharging directly into the
standard road gully of the Gullyceptor unit. The experimental set up is shown
above schematically in Figure 5.
The brief outline about the test conditions and aspects described here and in the
EN 858:2002 are shown below in Table 1.
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Test procedure
Prior to the test the system was primed with water during several test runs
without hydrocarbons added to ensure the proper installation of all pipe work, the
determination of the system volume and durations for the full water displacement
through the system.
During the experiment the system was operated with a constant flow rate of 3.0
l/s, fed from a proprietary pump system. The flow was set and monitored using a
flow meter (Danfoss MAG 3000, Denham Bucks), which was installed in the
feeder pipe work (see Figure 6). The entire oil retention performance test was
conducted over a period of 20 minutes.

Figure 6 Flow Meter

The test oil used was Castrol GTX Magnatec 5W-30 (Castrol UK Ltd 2004) in
accordance with EN 858:2002 and was added at a rate of 5ml/l (4265mg/l).
The stormwater was then transferred to the separation unit passing the two
baffles (see Figure 4, “5, 6”) and then discharging the water over a weir to the
outlet. The laboratory model was also provided with transparent Perspex
windows (shown in Figure 5 next to the baffles) allowing inspection of the system
whilst in operation. The samples were taken directly from the effluent pipe
through a proprietary sampling point (constructed to the specification of EN
858:2000). The samples were taken into amber glass bottles (STL Ltd, Coventry)
at one minute intervals during the last five minutes of the test. The sampling was
started at exactly 15 minutes after the experiment started (minutes 16 to 20).
The samples were transported to the laboratory on the following day and tested
for “oil & grease” (STL 2002). The samples were maintained at a temperature
below 4ºC during transport to the laboratory.
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Test
method for
Gullyceptor
conventional oil
Implications
interceptors
(EN 858-1:2002)
Flow of Continuous
Continuous supply None – both tests uses
water
supply
to to Interceptor with continuous
supply.
Gullyceptor.
very high velocities. However the flows into
conventional interceptors
can be very high (up to
130 l/s); whereas
The
Gullyceptor
is
not
designed to deal with such
large flows and therefore
is tested at moderate flow
appropriate to its designed
function.
Oil
Test uses engine Test uses fuel oil to The Gullyceptor test use
lubricating oil with ISO 8217, Class oil
well
within
the
with specification for diesel and
density
of ISO-F-DMA
853kg/m3.
density of between slightly
denser
for
835kg/m3
and lubricating oil (ISO 8217)
865kg/m3
and
therefore
deliver
comparable results.
Nominal
Not
applicable. Typical
Nominal This parameter is approx.
Size
This value would size (NS) values equivalent
to
the
be below NS1.
are between 1 and maximum
effluent
500.
pertaining to a specific
catchment area (i.e. NS1
≈556m2). The Gullyceptor
is
always
installed
following an individual risk
and sizing exercise and
therefore the nominal size
(NS) classification is not
applicable.
Table 1 Systematic differences between oil separations systems
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Results and Discussion
The experiments as outlined above were completed with no unexpected
outcomes or incidents. During the experiment the road gully demonstrated that it
effectively formed the first phase of the treatment process. The gully acts as a
pre-treatment device within the Gullyceptor system. The effluent collected into
the system was slowed down and the forces and velocity of the water were taken
by the gully. Furthermore the gully provided a simple and primitive weir and baffle
arrangement, which at this early stage is already retaining some proportion of the
hydrocarbons. The gully cannot retain those indefinitely but releases them
forward very slowly towards the separation section of the Gullyceptor. The gully
also retains silts (not applied and tested during this trial). The effluent enters from
the gully into the separation section, where two baffles are present in series
comprising firstly a stilling baffle and secondly the main baffle that provides most
of the oil retention. During the experiment the oil was observed, though the
Perspex inspection windows, arriving and being retained at both baffles (see
Figure 4). At the first stilling baffle it could be seen that the inflowing hydrocarbon
containing effluent was slowed down and stilled whilst the second baffle had
retained the oil, which built up to a significant layer.

This more than onerous test regime for the Gullyceptor system has demonstrated
clearly the effectiveness of the system. It can either be used in areas with a lower
risk in isolation or as part of a treatment train in high risk areas.

The test highlights that the Gullyceptor can effectively deal with hydrocarbon
contaminants conveyed by storm water runoff (peak flow rain events) resulting in
a mean oil concentration in the effluent of 12 ppm (trapping efficiency ~99%, see
Equation 1) whilst receiving an input oil concentration of 4236ppm at a flow of 3
l/s.
⎛ Outflow concentrat ion ⎞
⎟ ⋅ 100
Trapping efficiency (%) = ⎜⎜1 −
Input ceoncetrat ion ⎟⎠
⎝

Equation 1
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Time from start of test

Concentration of Oil in Effluent at constant
water flow rate (3 l/s) through Gullyceptor

[min]
16
17
18
19
20
Input concentration

[ppm]
20.1
10.1
4.4
19.5
7.0
4265

Table 2 Effluent concentrations

Above in Table 2 are shown the individual effluent measurements undertaken by
Severn Trent Laboratories (STL, Coventry) and also plotted in Figure 10 shown
in the appendix.
Results review in the light of peak storm events
The trial reported and discussed above shows the system performance based on
the capability of an individual Gullyceptor and the test conditions clearly address
a worst case scenario allowing for very high flows in the system that would only
be present in exceptional storm events and as discussed above; in practice the
Gullyceptor would be incorporated into a SUDS designed as one component
within a treatment train (i.e. see Figure 7). The following tables give indicative
catchments and return period storm events that might be considered in for the
Gullyceptor in a typical SUDS arrangement. The data is based on the Wallingford
Procedure with rainfall data for Manchester, England.
Storm event return
period
[yr]

Design catchment area
per unit
[m2]

100
30
5

68
86
125

Flow
velocity
[l/s]
3.0
3.0
3.0

Rainfall
Intensity
[mm/h]
158
125
86

Table 3 Storm event return periods for Manchester UK with System flows of 3.0 l/s

Storm event return
period
[yr]

Design catchment area
per unit
[m2]

185
100
30
5

30
34
43
61

Flow
velocity
[l/s]
1.5
1.5
1.5
1.5

Rainfall
Intensity
[mm/h]
180
159
125
88

Table 4 Storm event return periods for Manchester UK with System flows of 1.5 l/s
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Currently the system has only been tested under constant flow of 3.0 l/s (see
Table 3). The data in that table shows the different scenarios the system can be
worked within or designed towards. However it is believed and also backed up by
other interceptor test data (Pratt 2000) that the flow is one of the key factors
affecting the treatment efficiency. Therefore the authors conclude that where the
Gullyceptor is used in designs with much lower flow (i.e. 1.5 l/s) the treatment
efficiency would be much improved against the average recorded effluent level of
12ppm.
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Hydrocarbon treatment train based on model site layout
This example here is intended to show the Gullyceptor system functioning as one
part of a treatment train. In Figure 10 a typical site layout is shown detailing the
design of a SUDS scheme dealing with runoff from hardstandings (i.e.
commercial retail car park, industrial yard) with a footprint ranging typically from
500 to 10000 square meters.
The various hydrocarbon treatment stages are identified in the layout as “TS-X”
(i.e. TS-1) and the illustrated values are in the context of worst case scenarios,
such as that the system is modelled at peak flows coincident with catastrophic
spillages of oil.
System process and Treatment stages
The stormwater runoff from the hardstandings is received by both the
Permachannel system (TS-1, oil retaining drainage channel) and the Gullyceptor
units (TS-1, see Figure 3). Both systems convey the storm water towards the
attenuation tank (TS-3). In the first treatment stage (TS-1), whilst receiving the
potentially polluted storm water, the cleansing process has commenced (source
control) and removes the majority of the pollutants.
The Permachannel system reduces the hydrocarbon pollution loadings to below
5 ppm (Newman et al. 2003) in the effluent whereas the Gullyceptor provides a
mean discharge of 12 ppm. Prior to the stormwater entering the attenuation tank
the effluent from both TS-1 stages passes through Permafilter Biomat units. This
step further improves the water quality.
The Permafilter Biomat units carry a special floating filter insert. This insert is
capable of staying afloat with the water conveyed through the system whilst
skimming and retaining hydrocarbons from the water. The Biomat system can
deal with 56g/m2 and biodegrade the oils as the pollutants remain in the aerated
zone where they are exposed to indigenous species of bacteria. The Biomat
system has also been rigorously researched by Coventry University (Puehmeier
T. et al. 2005). Finally the effluent is discharged from the attenuation tank through
additional Permafilter Biomat elements (TS-4) before discharging to a final
(polishing) treatment component comprising a swale, Permaceptor, gravel filter or
similar (see option for TS-5).
Collectively, the cleansing steps of this treatment train approach can ensure that
very low pollution concentrations and potentially total pollution removal even in
extreme conditions can be achieved; thus allowing secure discharge of the runoff to controlled water. By contrast, most commercial oil interceptors are
designed to deal with high flows up to 130 l/s and the treatment efficiency
worsens with increasing velocities and can be as high as (at just 25 l/s effluent
can be 736ppm; (Pratt, C. J. 2000).
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Figure 7 Gullyceptor as part of a SUDS treatment train

Conclusions
A laboratory trial has been undertaken on the Gullyceptor system. The system
uses a combination of polypropylene geo-cellular units incorporating baffle and
weir plates below pavement surfaces. Oils and street dust can be treated within
the system (Hydrocarbon treatment is only reported here) and It can be shown
that the Gullyceptor system can achieve outstanding treatment performance
results. The Gullyceptor has a retention efficiency of ~99%, passing a mean oil
effluent concentration of only 12 ppm. It clearly demonstrates that the Gullyceptor
system is operating very effectively and outperforms (8 times better) the stated
requirements of a class 2 limits as defined in PPS3 and EN 858:2000.
A summary of the results are shown below in Table 5 during a very adverse
scenario allowing for very high flows in the system that would only be present
during exceptional storm events.
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Flow rate
3 l/s

Oil concentration in Outflow (ppm)
Mean
Standard
No. of
concentration,
Deviation,
Samples
[ppm]
[ppm]
12
7
5

Trapping
Efficiency,
[%]
99.72

Table 5 Gullyceptor Test Results Summary

Furthermore the Gullyceptor unit (MKII) has now evolved further by inclusion of
Permafilter Biomat units that further contribute to the oil removal. The Permafilter
Biomats have been developed as a polishing system to absorb and biodegrade
traces of free product oil which may escape from any upstream oil separation
device (Puehmeier T. et al. 2005). These Biomats now aid the effectiveness of
the Gullyceptor by acting as an additional stilling element and also a long term
prevention to re-entrainment of oil after its density has increased because of post
entrapment changes and accumulation of biological material. Normally oils would
begin to flocculate by these biological and other processes and be flushed out of
the system in cases where maintenance is neglected or not undertake
appropriately.
Appropriately designed into a SUDS arrangement, The Gullyceptor allows the
connection of large areas of impervious pavements to (SUDS) drainage systems
in situations where end of line storage tanks would struggle to perform effectively,
especially during larger storm events. It should be noted that regulatory guidance
already advises toward dealing with the pollution problems at source rather than
at the end of a site-wide drainage system. The increasing imperative under the
Water Framework Directive (European Commission 2000) to address urban
diffuse pollution may well mean that a major shift of regulatory focus will be
required to move away from consents for end-of-pipe treatment (Ellis, J. B. et al.
2006).
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Appendix

•

West Yorkshire Map

•

STL Method Statement

•

Plot of Gullyceptor Results - Oil & Grease

•

Safety Data Sheet: Castrol GTX Magmatec 5W-30 A1
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West Yorkshire, UK

Figure 8 West Yorkshire UK, (Reproduced from Ordnance Survey map data by permission
of the Ordnance Survey © Crown copyright 2001.)
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Method Statement: Oil & Grease Analysis

Figure 9 STL Method Statement
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Results of Oil & Grease Measurements

Figure 10 Gullyceptor Results - Oil & Grease
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Material Safety Data Sheet for Castrol Magnatec Lubricating Oil
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