






B.1  Climate Change Allowance
In the following calculations, a climate change allowance of 40% 
has been made which corresponds with the "Upper Limit" of the 
DEFRA guidance (refer to the table below):

Range

Total potential 
change 

anticipated for 
2010-2039

Total potential 
change 

anticipated for 
2040-2059

Total potential 
change 

anticipated for 
2060-2115

Upper end 10% 20%20% 40%

Central 5% 10% 20%

B.2  Existing site surface water 
runo  rates
The development site occupies a total area of 475 m2 which is 
currently entirely hardstanding.

In accordance with the Modified Rational Method, the peak 
existing run-off from the site is calculated from the formula:

Q = 3.61 × Cv × A × i

where Cv is the volumetric runoff coefficient, A is the catchment 
area in hectares and i is the peak rainfall intensity in mm / hr.

For this site, the following site characteristics have been used in 
the calculation:

••	 M5-60min = 19 mm

••	 Ratio r = 0.35

••	 Peak run off rates have been based on a 15 minute rainfall event

••	 Impermeable Area Factor = 1.00

••	 Permeable Area Factor = 0.00

••	 Cv = 0.95

For the peak return period storm events this gives existing 
discharge rates from the site of:

Q1 = 3.61 × 0.95 × 0.0475 × 33.3 = 5.4 litres / sec

Q30 = 3.61 × 0.95 × 0.0475 × 68.8 = 11.2 litres / sec

Q100 = 3.61 × 0.95 × 0.0475 × 89.0 = 14.5 litres / sec

Q100+CC = 3.61 × 0.95 × 0.0475 × 124.6= 20.3 litres / sec

B.3  Existing Discharge Volumes
The existing discharge volumes have been calculated in 
accordance with BS 8582 which requires the volume for the 6 
hour storm event to be considered. The volume discharged during 
the storm event is calculated from the formula:

Volx = A x i x 6 hrs

where A is the existing hardstanding area in m2 and i is the 
X-year, 6 hour event rainfall intensity in mm / hr.

Vol1 = 0.475 × 3.90 x 6 = 11.1 m3

Vol30 = 0.475 × 8.11 x 6 = 23.1 m3

Vol100 = 0.475 × 10.51 x 6 = 30.0 m3

Vol100+CC = 0.475 × 14.71 x 6 = 41.9 m3

B.4  Existing Runo  Summary
The existing runoff values are summarised below:

Return Period
Existing peak 

runoff rate 
Existing Discharge 

Volume

1 year 5.4 litres/sec 11.1 m3

30 year 11.2 litres/sec 23.1 m3

100 year 14.5 litres/sec 30.0 m3

100 year (+40%) 20.3 litres/sec 41.9 m3

B.5  Greenfield Runo  Rates
In accordance with the method outlined in the Institute of 
Hydrology Report 124, the Greenfield runoff for the site is 
calculated from the formula:

QBAR = 0.00108 × AREA0.89 × SAAR1.17 × SOIL2.17

where AREA is the site area in km2 (pro rata of 50 ha if the site is 
less than 50 ha), SAAR is the Standard Average Annual Rainfall 
in mm and SOIL is the Soil Index. For this site, the following site 
characteristics have been used in the calculation:

••	 IH 124 Soil Type = 2, therefore, SOIL = 0.3

••	 Standard Annual Average Rainfall (SAAR) = 700 mm

••	 Hydrological Growth Curve Region = 6/7 (South East England)

For a 50 ha site this gives a greenfield runoff rate of:

QBAR = 0.00108 × 0.50.89 × 7001.17 × 0.302.17 = 91.1 litres / sec

Scaling this for the actual site area gives:

QBAR = (91.1 × 0.0475) ÷ 50 = 0.09 litres / sec

Using the Hydrological Growth Curve for south east England, gives:

Q1 = 0.850 × 0.09 = 0.08 litres / sec

Q30 = 2.400 × 0.09 = 0.22 litres / sec

Q100 = 3.190 × 0.09 = 0.29 litres / sec

Q100+CC = 3.61 × 0.09= 0.32 litres / sec

B.6  Proposed Unattenuated 
Surface Water Runo  Rates
The proposed development will incorporate approximately 35 m2  
of soft landscaping which leaves 440 m2 of hardstanding. Again 
using the Modified Rational Method, the proposed (unattenuated) 
peak run-off from the site for the 1-in-1-year return period storm 
would be:

Q1 = 3.61 × 0.95 × 0.0440 × 33.3 = 5.0 litres / sec

Q30 = 3.61 × 0.95 × 0.0440 × 68.8 = 10.4 litres / sec

Q100 = 3.61 × 0.95 × 0.0440 × 89.0 = 13.4 litres / sec

Q100+CC = 3.61 × 0.95 × 0.0440 × 124.6= 18.8 litres / sec

B.7  Proposed Attenuated 
Surface Water Runo  Rates
In accordance with the Environment Agency’s guidelines, 
the Building Regulations and the Water Authority’s advice, 
the preferred means of surface water drainage for any new 
development is into a suitable soakaway or infiltration drainage 
system. Sustainable Urban Drainage Systems (SuDS) can reduce 
the impact of urbanisation on watercourse flows, ensure the 
protection and enhancement of water quality and encourage 
recharging of groundwater in a manner which mimics nature.

In addition to this, the National Planning Policy Framework 
requires that surface water arising from a developed site should, 
as far as is practicable, be managed in a sustainable manner 
to mimic surface water flows arising from the site prior to the 
proposed development, whilst reducing flood risk to the site itself 
and elsewhere, taking climate change into account.

Therefore, as an absolute minimum, the proposed site discharge 
under the 1-in-100-year storm plus climate change should be 
no greater than the existing 1-in-100-year storm discharge (i. e. 
mitigate the impact of climate change and any increase in the area 
of hardstanding). In this case, this would mean that, rather than 
discharging 20.3 litres / sec, the maximum permissible discharge 
from the site would be 14.5 litres / sec.

Further to the above, the London Plan’s Policy SI 13 states that 
“Development proposals should aim to achieve greenfield run-off 
rates and ensure that surface water run-off is managed as close to 
its source as possible”. The Environment Agency (EA) suggests that 
Developers should aim to achieve greenfield run off from their site.

However, Clause 17 of the DEFRA / EA publication 'Rainfall runoff 
management for developments' states that “A practicable minimum 
limit on the discharge rate from a flow attenuation device is often 

a compromise between attenuating to a satisfactorily low flow 
rate while keeping the risk of blockage to an acceptable level.

This limit is set at 5 litres per second, using an appropriate vortex 
or other flow control device. Where sedimentation could be an 
issue, the minimum size of orifice for controlling flow from an 
attenuation device should normally be 150 mm laid at a gradient 
not flatter than 1 in 150, which meets the requirements of Sewers 
for Adoption 7th Edition”.

Based on the above considerations, it is proposed to limit the 
post-development runoff rate from the roof area to a maximum 
of 1.6 litres/sec (approximately 30% of the existing 1 in 1 year 
rate) under the 1 in 100 year plus 40% climate change event 
as any less than this is considered impractical to implement. 
The corresponding rates for shorter return period storms are 
summarised below:

Q1 = 0.8 litres / sec

Q30 = 1.4 litres / sec

Q100 = 1.6 litres / sec

Q100+CC = 1.6 litres / sec

B.8  Proposed Discharge Volumes
The existing discharge volumes have been calculated in 
accordance with BS 8582 which requires the volume for the 6 
hour storm event to be considered. The volume discharged during 
the storm event is calculated from the formula:

Volx = A x i x 6 hrs

where A is the existing hardstanding area in hectares and i is the 
X-year, 6 hour event rainfall intensity in mm / hr.

Vol1 = 0.440 × 3.90 x 6 = 10.3 m3

Vol30 = 0.440 × 8.11 x 6 = 21.4 m3

Vol100 = 0.440 × 10.51 x 6 = 27.7 m3

Vol100+CC = 0.440 × 14.71 x 6 = 38.8 m3

B.9  Network Design
The InfoDrainage results contained on the following pages 
demonstrate that all water is contained within the proposed 
drainage system for every event up to and including the 1 in 100 
year plus 40% climate change allowance event.

B.10  Summary
The proposed and existing runoff values are summarised below:

Return Period

Existing Peak 
run off rate2 
(litres/sec)

Proposed scheme 
unattenuated peak 

run off rate (litres/sec)

Greenfield 
run off rate 
(litres/sec)

Proposed Design 
Peak run off rate 

(litres/sec)

Existing 
Discharge 

Volume (m3)

Proposed 
Discharge 

Volume (m3)

1 in 1 year 5.4 5.0 0.08 0.8 11.1 10.3

1 in 30 years 11.2 10.4 0.22 1.4 23.1 21.4

1 in 100 years 14.5 13.4 0.29 1.6 30.0 27.7

1 in 100 years (+40%) 20.3 18.8 0.32 1.6 41.9 38.8
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B.11  Foul Water Flows
One method of calculating the peak foul flow is to use the 
statisical or "discharge unit" method outlined in BS 12056. This 
method of design is based on probability theory to estimate 
the maximum peak flows from appliances. It assumes that 
only a proportion of appliances will be in use at any one time 
and that appliances on a factory, school, etc. would be used 
more frequently than in domestic installations. For this reason 
discharge units (DU) are given higher values in congested and 
commercial use than they are for domestic.

Alternatively, foul flows can be computed using the "population 
method". This method calculates a daily discharge volume from 
typical figures of discharge per person, per day. It then factors 
it evenly over the day, to calculate base flow. A peaking factor 
is then applied (conservatively 6 or a variable factor based upon 
population such as the Babbitt Formula) to determine peak flow.

Estimates can also be based on internal floor area, which can also 
be arrived at as a product of an assumed population density and 
daily discharge per person.

As to which method is the more appropriate, typically, outside the 
building and at the street and city scale, the population method 
is considered more accurate and is the preferred method utilised 
by sewer companies. For sizing pipes inside the building, and 
in drains near to the point of discharge from the building, the 
statistical method should be used. Consideration of high peak 
flows from pump stations is also required.

BS 16933-2 recommends that the statistical method can be used 
for the design of gravity drains and sewers where the population 
is less than 1000 and the population method can be used where 
the population is greater than 500.

B.12  Existing Foul Water
The are currently no record drawings available for the existing 
building in order to estimate the number of foul appliances. 
However, the existing use as an auto repair facility would likely 
generate a discharge of around 5 litres/sec.

B.13  Proposed Foul Water
Discharge Unit Method 

The architectural layouts have been used to estimate the 
number of foul appliances in the proposed office space. 
Using the guidelines for commercial developments given in 
BS EN 12056 – 2 : 2000 – “Gravity Drainage Systems Inside 
Buildings – Part 2: Sanitary Pipework, layout and calculation”, 
the proposed foul flow is calculated from the formula:

Q = K × DU

For 'intermittent use' (representing dwellings, offices, etc.)  
K has a value of 0.5 giving:

Appliance No. Discharge units 
per appliance

Total number of 
discharge units

Wash hand basin 12 0.5 6.0

Bath 12 0.8 9.6

Sinks 9 0.8 7.2

Dishwasher 9 0.8 7.2

Washing machine 9 0.8 7.2

WC 12 2.0 24.0

Total discharge units for site = 61.2

Therefore, total flow from site = 3.91 litres / sec

This is likely to be comparable to the existing flow rates and 
therefore should not represent an increase in discharge to the 
public sewer.
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C.3.5  Infiltration

There are many different types of drainage component that 
can be used to facilitate infiltration. These include soakaways, 
infiltration trenches, infiltration blankets and infiltration basins.

Infiltration can contribute to reducing runoff rates and volumes 
while supporting baseflow and groundwater recharge processes. 
The rate at which water can be infiltrated depends on the 
infiltration capacity (permeability) of the surrounding soils.

The available borehole information suggests there may be 
limited porosity in the underlying soil. However, as there is no 
available external space and the building covers the full site 
footprint, it is not possible to locate infiltration devices that 
comply with Building Regulations. Also, there would be a risk 
of undermining the Environment Agency flood wall due to it's 
proximity to any soakaway that would be proposed. Therefore, 
disposal by infiltration will not be possible.

C.3.6  Permeable surfacing

Permeable hard surfaces which work in much the same way as 
traditional impermeable surfaces apart from the ability to allow 
rainwater to pass through. Permeable blocks are traditionally 
used but there are now a range of permeable asphalt and 
resin bound gravel pavings being used increasingly commonly. 
Permeable surfaces can either allow infiltration into the ground or 
have tanked systems for water retention, depending on the site 
and soil conditions. They are suitable in even the most densely 
built-up development. However, they’re not well suited to roads 
carrying heavy or fast motor traffic.

The car parking bays will be constructed as lined permeable 
paving which will provide filtration of pollutants before 
discharging to the attenuation tank. It is not possible to provide 
an infiltrating solution due to the lack of porosity.

C.3.7  Swales

These are dry ditches used as landscape features to allow the 
storage, carriage and infiltration of rainwater and are often used 
as linear features alongside roads, footpaths or rail lines. They can 
also be integrated into the design of many open spaces.

Swales cannot be incorporated into the scheme due to the lack of 
available external space.

C.3.8  Detention basin / ponds

Landscape features designed to store and in some cases infiltrate 
rainwater. Detentions basins are usually dry, whereas a pond 
should retain water. These features need areas of open space 
but can often be combined with other sustainable drainage 
techniques.

As the site is heavily developed with limited external areas there 
is insu cient space to provide a basin or pond.

C.3.9  Discharge to tidal river / dock / canals

Discharging clean rainwater directly to tidal rivers, canals or 
docks isn’t normally a sustainable drainage technique. Other 
more productive techniques should be used first. However, it is 
generally more sustainable than discharging to the combined 
or surface drainage systems. Residual surface water can be 
discharged to tidal / large waterbodies, in some cases with no 
limitation on volumes. Some storage may be required to allow for 
outfalls becoming tide locked. Care is needed to prevent scour 
in the receiving waterbody and potentially to prevent pollution. 
Consent from the Environment Agency, the asset owner and 
where applicable the Canal and River Trust is required.

The River Arun is immediately adjacent to the site and as part of 
the Environment Agency's improvements to the flood defences 
a new section of flood wall has been implemented along the 
site frontage (Planning Ref. LU/291/17/PL).  Due to the potential 
to increase flood risk to the site (and adjacent properties) if 
holes were to be cored through or under the flood wall, it is not 
considered appropriate to discharge to the River Arun.

C.3.10  Storage tanks / geocellular storage

Storage tanks are single GRP units usually located (but not 
necessarily) below ground level which attenuate rainwater for 
later slow release back into the drainage system but do not 
provide the wider benefits of green infrastructure sustainable 
drainage. They can also have the disadvantage that pumping 
may be required to empty the tank into the drainage system 
– especially if the tank is located at or below basement level. 
Where tanks are designed for large storm events, care is needed 
to ensure that they still perform a useful sustainable drainage 
function for low order storms.

Geocellular storage tanks are similar to storage tanks except that 
the volume is made up from multiple units rather than a single 
tank meaning they can be more flexible in terms of shape to suit 
constrained sites.

It is believed that this is the most feasibly disposal option for the 
roof proportion of the site and a storage volume of 18 m3 should 
be provided in order to limit the discharge from the site to 1.6 
litres/sec (30% of the pre-development  1 in 1 year rate).

The attenuation tank should be located at a high enough level 
so as to allow a connection to be made to the public sewer by 
gravity. Locating the tank below this level would result in a 
pumped surface water system which is both unsustainable and 
uneconomic.

C.3.11  Oversized piping

Using larger than necessary pipework creates more room to 
store rainwater. Potentially more sustainable than storage 
tanks / geocellular storage if the pipes drain by gravity and do not 
require pumping. However, lacks the wider benefits of the green 
infrastructure based techniques.

Due to the restricted nature of the site the pipework would 
become impractically large to provide the volume of storage 
required to achieve the required run-off rate.

C.4  Summary of the proposed 
SuDS strategy
Approximately 20 m2 of hardstanding will shed into planted areas. 
An area of 108 m2 of lined permeable paving will be provided 
which will discharge to an attenuation tank of 18 m3 which will 
reduce the peak discharge rate from the site to 1.6 litres/sec (30% 
of the existing 1 in 1 year rate) using a Hydrobrake.

The outfall from the site will connect to the existing public 
sewer either with a new connection or, preferably, by reusing the 
existing connection.

A schematic SuDS layout is contained in Appendix D for reference.

Element Management 
stage

Water quantity Water quality Amenity & 
biodiversity

Proposed  
in scheme

Rainwater harvesting Prevention

Green / brown / blue roof Source control

Raingardens Source control

Bio-retention Source control

Permeable surfacing Source control

Swales Source control

Detention basin / ponds Source control

Discharge to tidal river / dock / canals Site control

Storage tanks / Geocellular storage Site control

Oversized piping Site control

Design for exceedance Site control

Figure C.1  Summary of proposed SuDS devices
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