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Digest

Soakaway design

Digest 365 is one of the most widely used BRE
publications, aiding designers to support planning and
development applications. This edition of Digest 365
describes the design and construction procedures for
soakaways, and explains how to calculate rainfall design
values and soil infiltration rates. It also gives useful
examples of how to design soakaways.

This revised edition includes important changes to
recommendations and requirements which have been
introduced since the last edition was published in 2007.

1 Introduction

Digest 365 on soakaway design was first published in 1991,
replacing Digest 151. Digest 365 is widely used by designers to
support planning and development applications.

This revised edition includes a number of important changes,
including the following:

e recommendations by The Environment Agency on
predicted climate change effects

data on a return period of 100 years

description of sustainable drainage systems (SUDS)
flood management

updated illustrations and new references

glossary.

This revised edition retains the fundamental approach included
in previous editions — the content has been updated rather than
rewritten. However, the revision will ensure that Digest 365
remains fit for purpose.

This Digest describes design and construction procedures for
soakaways, explains how to calculate rainfall design values

and soil infiltration rates, and gives examples of designing
soakaways. It provides data to facilitate designs for 10- to
100-year rainfall events (note that regulatory requirements may
not be as onerous as 100-year events).
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A traditional way of disposing of surface water from buildings
and paved areas, soakaways are used remotely from a public
sewer or watercourse. However, in recent years, soakaways have
been used within urban, fully sewered areas to limit the impact
on discharge of new upstream building works and to avoid

the cost of upgrading sewers outside building developments,
Increasingly soakaways are seen as a more widely applicabla
option alongside other means of surface water control ang
disposal in sustainable drainage.

Soakaways are used to store the immediate surface water
run-cff from hard surfaced areas, such as roofs or car parks,

and allow for efficient infiltration into the adjacent soil. They
discharge their stored water sufficiently quickly to provide the
necessary capacity to receive run-off from a subsequent storm,
The time taken for discharge depends upon the soakaway shape
and size, and the surrounding soil's infiltration characteristics.

Soakaways can be square, circular {conventional), or trench
excavations. They can be filled with rubble, lined with brickwork,
plastic cells, perforated pre-cast concrete ring units or any similar
structure that collects rainwater and run-off. The structures are
built to allow rainwater to infiltrate directly into the ground.
Soakaways can also be deep bored.

There are times when a soakaway may not be an appropriate
solution, eg in areas of ground that have low permeability,
where surface water could be contaminated. The maximum
seasonal water table should be above the base of the soakaway,
contaminants in the ground could be mobilised, or in areas of
instability.

Although the guidance in this Digest can inform design and
construction of soakaways, further specialist advice will be
required.




Soakaways can provide a long-term, effective method of
disposal of surface water from impermeable areas of several
hundred square metres. Long-term maintenance and inspection
must be considered during the design and construction process.
For wet well soakaways, vehicle-mounted suction emptying and
jetting equipment can be used, so suitable access to inspection
covers must be provided.

Risk of pollution to the quality of groundwater must be
considerad. Roof surface run-off should not cause damage

to groundwater quality and may be discharged directly to
soakaways. Those pollutanis entering the soakaway from roofs
tend to remain in the scakaway, or in its immediate environs,
attached to soil particles. However, paved surface run-off for
larger trafficked areas should be passed through a suitable form
of oil interception device prior to discharge to the soakaway.

Maintenance of silt traps, gully pots and interceptors will
improve the long-term performance of soakaways. The use of
wet well chambers within the soakaway systemn can further
assist in pollutant trapping and extending the operating life of
soakaways.

Care must be taken so that the introduction of large volumes
of surface run-off into the soil does not disrupt the existing
sub-surface drainage patterns; it may be advantageous to use
extended trench-type soakaway systems. The effect of ground
slope must be considered when siting scakaways to avoid
waterlogging of downhill areas.

Soakaways should not normally be constructed closer than 5 m
to building foundations. In chalk, or other soil and granular fill
subject to medification or instability, the advice of a specialist
geo-technologist should be sought as to the advisability and
siting of a soakaway.

Site investigations must be undertaken thoroughly and
competently so that all aspects of soil properties, geo-
technology and hydrogeology are adequately reviewed
alongside the hydraulic designs of soakaways.

Sustainable drainage is a departure from the traditional piped
approach to draining sites. Sustainable Drainage Systems (SUDS)
mimic natural drainage through:

e storing run-off rainwater and releasing it slowly
{attenuation)

allowing water to soak into the ground (infiltration)
slowly transporting (conveying) water on the surface
filtering out pollutants

allowing sediments to settle out by controlling the flow of
water.

Soakaways are one of the key technologies for SUDS. They
enable stormwater to be dealt with at source rather than being
diverted directly into the sewer system; they also satisfy the
criteria listed in the bullet points above.

Soakaways can be used on their own or as part of a larger
SUDS development. Considering SUDS at the earliest stages of
site selection and design makes it easier to integrate them into
developments. SUDS can influence other aspects of the site

(ie design, layout and function). Reducing impermeable areas
wherever possible is also important.

A useful concept used in the development of SUDS is the SUDS
management train. The SUDS management train provides
drainage techniques which can be used in series to change the
flow and quality characteristics of the run-off in stages.

Recent Defra guidancel'l states that drainage systems should
be designed so that unless an area is designated to hold and/or
convey water as part of the design, flooding does not occur:

on any part of the site for a 1- in 30-year rainfall event
during a 1- in 100-year rainfall event in any part of a
building {including a basement) or a utility plant susceptible
to water {eg pumping station or electricity substation)
within the development.

Guidance from the Environment Agencyl2 gives an indication
of the cost and performance of soakaways. The size and
complexity of the soakaway largely dictates the costs involved.
Overall the cost of a soakaway can be described as low/medium
compared with conventional drainage. Larger soakaways cost
more to construct due to higher labour costs and the use of
more construction materials; disposal of excavated soil may also
be an issue.

Running and maintenance costs are low, with routinely
undertaken tasks as follows:

= removal of sediments and debris from pre-treatment
devices (eqg leaf screens, sedimentation chambers, filter
strips and swales)

* cleaning of gutters or filters on downpipes

+ removal of roots causing blockages

= monitoring perfoermance.

Soakaways perform well to attenuation of peak flows. The
time taken for discharge depends on the size and shape of

the soakaway, as well as the surrounding soil infiltration
capadity. Soakaways are capable of providing attenuation of
contaminants. However, soakaways have no clear benefits with
regards to biodiversity or amenity of sites!?,

The overall lifetime of a soakaway is variable and no two
installations will perform in the same manner. The lifetime of the
soakaway will be reduced by clogging of the water inflow and
outflow (see Section 5).

BS EN 752-4Bstates that if soakaways are to be used for site
drainage, the sub-sail and the general level of the groundwater
should be investigated. It is not desirable to locate a soakaway
close to a building or in any other position such that the ground
below foundations is likely to be adversely affected. A minimum
distance of 5 m is most often quoted, but some allowance can
be made for site conditions. (Note that deep-bored soakaways
will require greater distance and specialist advice will be required
for installing these types of scakaway.)




As a result, the design of a spakaway depends on a number of
factors including the following:

permeability of the ground

groundwater level (preferably undertaken when water
levels will be highest, during winter to spring}

type of ground

contamination

space restrictions

building foundations

risk of ground instability and other hazards.

A soakaway consists generally of a pit from which water can
percolate into the surrounding ground. Small pits may be
unlined and filled with hardcore for stability, or the soakaway
may take the form of seepage trenches following natural
contours. Larger pits may be unfilled but lined, eg with
brickwork laid dry, jointed honeycomb brickwork, perforated
pre-cast concrete ring units or segments laid dry. The pit lining
should be surrounded with suitable granular fill. An unfilled
pit should be safely roofed and provided with access for
maintenance purposes. Although square or circular pits are
compact and do not take up much land area, it is often easier
and cheaper 1o excavate trench-type soakaways if excavating
equipment is available.

Perforated pre-cast concrete ring unit soakaways should

be installed within a square pit, with sides about twice the
selected ring unit diameter. The need to oversize the pit, for the
purposes of constructing the ring unit chamber, may be used to
advantage by incorporating the total excavation volume below
the discharge drain invert in the design storage volume.

Granular fill can be separated from the surrounding soil by a
suitable geotextile to prevent migration of fine particles into the
sgakaway. If migration from surrounding soil occurs, it can cause
ground settlement around the soakaway sufficient to affect the
stability of adjacent buildings. The top surface of the granular fill
should also be covered with geotextile to prevent the ingress of
fill material during and after surface reinstatement. Geotextile
should not be wrapped around the outside of the ring units as it
cannot be cleaned satisfactorily or removed when it has become
blocked.

In order to limit any possible alteration to the quality of
groundwater, attention should be paid to the source of the
run-off water that is to be collected. If it is from a paved surface
where there is a risk of oil or fuel spillage, a light liquid separator
should be provided (in line with the Environment Agency’s
Poltuticn Prevention Guidels). Domestic drives and paths should
not need a light liquid separator, but municipal roads and car
parks will require them. A light liquid separator will also trap

silt and so extend the life of a soakaway. Provision needs to be
made for the interceptor to be cleaned and maintained (see
Section 5).

Soakaways for draining areas less than 100 m? have traditionally
been built as square or circular pits, either filled with rubble

or lined with dry-jointed brickwork, or perforated pre-cast
concrete ring units surrounded by suitable granular fill.

BS EN 752-4131 suggests that soakaways may take the form of
trenches that follow natural contours. Compared with square
or dircular shapes, they have larger internal surface areas for
infiltration of surface water for a given stored volume.

The designer should consider the merits of the more compact
square or circular pits against the better rate of discharge
from the trench according to seil type condition, available
space, site layout and topography. For drained areas above

100 m?, soakaways can be perforated pre-cast ring units ar
trench type and not substantially deeper than soakaways that
serve small areas: 3 to 4 m is adequate if ground conditions
allow. Although limiting the depth means that the length must
be increased, trench-type soakaways are cheaper to dig with
readily available excavating equipment.

There is an increasing number of soakaways that are being built
using plastic cells. These are typically lightweight modular water
storage cells with a high void ratio. Plastic cells can be used for
either attenuation or infiltration of surface water in residential,
commercial, industrial and retail applications. They can be
assembled on site where multiple configurations can be formed.
Proprietary components such as silt traps, flow control units and
adaptors will normally be used as part of these systems.

For longevity, the soakaway should be designed with facilities
for inspection and maintenance. The life of a soakaway will

be reduced if its waterways become clogged by silt or floating
material. With trench-type soakaways, the use of wet wells

at drain outlets and T-piece inlets to the perforated or porous
distributor pipes will give consistent performance. These
mechanisms combine the accessibility of the pre-cast chamber
with the more efficient discharge characteristics of the trench.

Site investigation and testing should be carried out prior to
design or construction work taking place; this is part of the
design process. Ground conditions, even in the same location,
can vary especially on previously-used brownfield land. The site
investigation {including desk research and ground investigation)
will be required to assess the following:

water table depth and perched water table presence/depth
{based on the worst annual case, ie during April or May)
chemical contamination risks

suitability of strata for soakaway discharges, including
permeability.

Desk studies are preferred even for small site developments,
items that should be reviewed are well records, geological maps
and records, OS maps and aquifer protection maps. In the site
investigation, boreholes and/or soakage trial pits can be used to
determine the ground condition, soil material and presence and
depth of groundwater. Soakage trial pits can also be used for
the infiltration tests described in Section 3.2.3.

3.21 Risk assessment

The information gathered during the site investigation should
be used to prepare a risk assessment, which may be required

by planning and building development authorities. Issues of
interest are chemical contamination, ground failure features and
the effects of adjacent development.

Contamination may be a risk as a result of historical use of the
ground {brownfield development). The soakaway should not
connect a contamination source to a groundwater target, ie
creating a source-pathway-receptor linkage. Statutery guidance
on land contamination is avaifable from www.netregs.org.uk,
www.gov.wales and www.legislation.gov.uk. Prior to designing
the soakaway, the potential for contamination on the site needs
to be established. Where necessary, remedial measures should
be undertaken.



Contamination is not the only consideration. Ground and slope
instability, flooding and wash out-induced settlements should
also be considered. Certain sites and parts of the UK may

be at greater risk from issues such as surface setttement and
instability. Local advice should be sought on these risks and how
they might impact adjacent developments. Further guidance on
ground instahility issues and how to manage them is available

in instability planning and management: Seeking sustainable
solutions to ground movement problems, published by ICE,

3.22 Sail in.filtration

Site testing for soil infiltration rates should give representative
results for the proposed site of the soakaway. This is achieved by
the following:

»  Excavating a soakage trial pit of sufficient size to represent a
section of the soakaway.

¢ Filling the soakage trial pit several times in quick succession
while monitoring the rate of seepage. This procedure will
confirm soil moisture conditions typical of the site when the
soakaway becomes operative.

®  Examining site data to ensure that the area surrounding
the soakaway has been assessed for variations in soil
conditions, areas of filled land, preferential underground
seepage routes, variations in the level of groundwater, and
any geotechnical and geclogical factors likely to affect the
long-term percolation and stability. Groundwater should
not rise to the level of the base of the soakaway during
annual variations in the water table.

e Local building control and/or planning authorities may be
able to advise where fluctuations in groundwater level may
cause a problem in the long term for any proposed depth of

excavation.
Glossary
A Area
a Internal surface area
D Duration
f Soil infiltration rate
h Hour
I Inflow
L Length
m Metre
min Minute
mm Millimetre
Outflow
R Rainfall
r Ratio
S Storage volume
t Time
1% Volume
W Width
X Return period (years)
z Z': Rainfall factor

22; Graowth factor

3.2.3 Ratetest

Field investigations are required to confirm infiltration rates,
The procedure recommended in this Digest is to excavate a
soakage trial pit to the same depth as anticipated in the full-size
soakaway. For run-off from 100 m? this willbe 1 mto 1.5 m
below the invert level of the drain discharging to the soakaway.
Overall depths of excavation will be typically 1.5 mto 2.5 m for
permeable areas >100 m? draining to the scakaway.

The soakage trial pitshouldbe Tmto3mlongand 0.3mto

1 mwide. It should have vertical sides trimmed square and, if
necessary for stability, should be filled with granular material.
When granular fill is used, a full-height, perforated, vertical
observation tube should be positioned in the soakage trial pit so
that water levels can be monitored with a dip tape. It should be
possible to construct a suitably-dimensicned pit with a backhoe
loader or mini-excavator.

Narrow, short pits use less water during the soakage tests but
may be more difficult to trim and clean prior to testing. Measure
the soakage trial pit carefully before trials. For safety reasons

do not enter the scakage trial pit. A lot of water will be used to
determine the soil infiltration rate so a water bowser may be
needed. The inflow should be rapid so that the soakage trial pit
can be filled to its maximum effective storage depth in a short
time, ie to the design invert level of the drain to the socakaway.
Take care that the inflow does not cause the walls of the
soakage trial pit to collapse.

Fill the soakage trial pit and allow it to drain three times to near
empty. Each time record the water level and time from filling,
at intervals sufficiently close to clearly define water level versus
time (Figure 1). The filling of the soakage trial pit should be on
the same or consecutive days.

Calculate the soil infiltration rate from the time taken for the
water level to fall from 75% to 25% effective storage depthin
the soakage trial pit, using the lowest f value of the three test
results for design:

Soil infiltration rate f= —‘—/p?—sis—
8350 X Iyzs 25

where:

Vars—2s = the effective storage volume of water in the
soakage trial pit between 75% and 25% effective
storage depth

ds50 = theinternal surface area of the soakage trial pit
up to 50% effective storage depth and including
the base area

ters-25 = the time for the water level to fall from 75% to

25% effective storage depth.

If the soakage trial pit is deeper than about 3 m, it may be
difficult to supply sufficient water for a full-depth soakage

test. Tests may be conducted at ess than full depth but
determinations of the soil infiltration rate may be lower than
those from the full-depth test. This is because relationships
between depth of water in the soakage trial pit, the effective
area of outflow and the infiltration rate can vary with depth,
even when soil conditions themselves do not vary. The variation
in infiltration rate, with the depth at which the determination is
made, may be as much as a factor of two.
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Figure 1: Field observations from a soakage trial pit 2.4 m long x
0.6 mwide x 2.51 m deep, with no granular fill

From the results of the soakage test shown in Figure 1, the
calculated infiltration rate is based on a fall of water level from:

*  75% 1o 50% effective storage depth = 5.1 x 10-3 m/second
s 50% to 25% effective storage depth = 2.9 x 10-3 m/second.

The design method adopts the result determined from 75% to
25% effective storage depth of 3.3 x 10-5 m/second (see Box 1
on how to calculate the soil infiltration rate).

If it is impassible to carry out a full-depth soakage test, the soil
infiltration rate calculation should be based on the time for the
fall of the water level from 75% to 25% of the actual maximum
water depth achieved in the test. The effective area of loss from

Figure 1 shows typical field observations from a soakage trial
pit 'twas known that the invert of the discharge drain was to
be 1 m below ground surface An effective storage depth of
15 mwas adopted. When trimmed and cleaned, the soakage
tnal pitwas 2 4mlong x 0 6 mwide x 2 51 mdeep

Calculations
Volume outflowing between 75% and 25% effective storage
depth:

Vpzs-25=24x06x(213~-138)=109m3

The mean surface area through which the ocutflow occurs,
taken to be the soakage tnal pit sides to 50% effective
storage depth and including the base of the pit.

8550=(24x0755x2)+(06x0755% 2)+
(24x06)=597m.

Using the data in Figure 1, the time far the cutflow between
75% and 25% effactive storage depth.

th7s 25 =102-11=91mn

Soilinfiltration rate:

1.0

f o109 _ .
597 %01 w60 =~ - % 107 m/second

the soakage trial pit is then calculated as the internal surface
area of the pit to 50% maximum depth achieved, plus the base
area of the soakage trial pit. In general, soakage tests should be
undertaken where the drain will discharge to the soakaway.

The use of full-depth soakage tests and repeat determinations at
locations along the line of trench-type soakaways is important
when soil conditions vary; if the soil is fissured, infiltration rates
can vary enormously. In these situations, a preliminary design
length for the proposed soakaway should be calculated from
the first soakage trial pit result; if the design length exceeds

10 m, a second trial should be carried out at the design

length distance along the line of the soakaway. In all ground
conditions, a second soakage trial pit should be dug if the
trench-type soakaway (designed on the basis of one soakage
trial pit) is fonger than 25 m; further soakage trial pits are
needed at intervals of 25 m along the line of a long soakaway.
If mare than one soakage trial pit is used, the mean value of
the soil percolation rates determined from the soakage trial pits
is adopted for the final design, but this should be above the
highest annual groundwater level,

Designers should note that the results of tests may be affected
by seasonal factors. In the winter and spring the soil moisture
and groundwater level will be higher than in the summer.
Testing under a worst case basis should be undertaken.

The soakaway should discharge fram full to half-velume within
24 h in readiness for subsequent storm inflow.

C s

Figure 2 summarises the steps in the design calculation process.

- o
Sten 1

Determine rof a 60-min to 2-day D of a 5-year return
period (Figure 3}

Obtain factor Z1 for D and r, from Table 1

Obtain growth factor 22 for D and rfrom Table 2 for
10-and 100-year return periods and different rainfall
durations

Calculate the inflow to the soakaway using equation
{=A x R); calculate the outflow using O = a5
x fx D; calculate the required Sfrom /-0 =S

Swill depend upon the construction type; f needs to
be determined from site tests

Use data for /, O and S to determine the dimensions
of the soakaway and the time of emptying

Add a factor for climate change to take account of

potential changes in future intensity of rainfall events
_B0%tobeusecasadefauly
Figure 2; A summary of the design calculation process (Tables 1 and
2 are on page 8). Refer to the glossary for abbreviations



The design method for sizing a soakaway is based upon the
equation of volumes:

[I—0=5
where:

I = the inflow from the impermeable area drained to the
soakaway

O = the outflow infiltrating into the seil during rainfall

S =the required storage in the soakaway to balance
temporarily inflow and outflow.

3.31 Inflow to the soakaway
I=AxR
where:

A =the impermeable area drained to the socakaway

Values of design rainfall, R, can be determined using Figure 3
and Tables 1 and 2 for different storm durations with a 10- and
100-year return period The notation MX-D min is used to
identify the storm, where

X =the return penod (years)

D =the storm duration (min)

The 10-year return period rainfall of 15 min duration
(M10-15 mun}, or of 30 min duration (M10-30 min), 1s calculated
and illustrated in the rainfall design example that follows

From the map shown in Figure 3, determine the rainfall ratio,

1, for the location of the soakaway (interpolating between
contours) Use the determined rainfall ratio in Tabie 1 to give the
factor Z1 for the calculation of the 5-year return period rainfall
total, M5-D min, for different storm durations, O

The basis of the calculation is the 5-year return period rainfall of
5 min duration {M5-60 rmin) This can be taken to be 20 mm for
all parts of the UK.

M5-D min rainfall
= M5-60 min rainfall x 21
=20mm x Z1

M10-D min
=M5-Dmin xZ2
where factor 22 1s found from Table 2

For example, if, for the soakaway location, r, shown on Figure 3 =
0.42, the M5-15 min can be found as follows

M5-15 min rainfall = 20 mm x Z1 (for 15 min duration)

To calculate factor 21, selact the required rainfall duration, D,
{eg 15 min}, from Table 1 and interpolate the appropriate ranfall
ratio, r, at the chosen site.

For example:
D=15min
r=042

=064
=20mm x 0.64

M5-15 mm rainfall = 12.8 mm

R =the total rainfall in a design storm. Calculation of R is
shown in Box 2, and can be made for 10- or 100-year design
storms {note that the design value is based on the site
requirements).

3.3.2 Outflow from the sbél;away

C= derg % fxD

where:

8.5, = the internal surface area of the soakaway to 50%
effective storage depth: this excludes the base area
which is assumed to clog with fine particles and

become ineffective in the long term

f = the soil infiltration rate determined in a soakage trial pit at
the site of the soakaway

D = the storm duration.

M5-30 min rainfall = M5-60 min rainfall x 21 {for 30 min
duration)

=20mmx 0 81

=16 2mm

aL”MNg

return pei riod exar r;“ a

The required 10-year return perwod rainfalls used in the soakaway
design are calculated by interpolating the growth factors 22 from
Table 2

For example (England and Wales):

M10-15 min rainfall

= M5-15 min rainfall x 22
=128mmx123

=157 mm

M10-30 min rainfall
=162mmx124
=201mm

Adjustment for 100-yaar return period example

The reguired 108-year retutn period ranfalis used in the
soakaway design are calculated by interpolating the growth
factors Z2 from Table 2.

For example (England and Wales)

M100-15 min rainfall

= M5-15 min rainfall x Z2
=12 8mmx195

=24 96 mm.

M100-30 min rainfall
=16 2mmx2 00
=324mm.

QOther durations are calculated in the same way This procedure
to determine the 10-year or 100-year rainfalls musi be used
because the basic data are available only for 5-year return
periods
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3.3.3 Required storag; volume in the soakaway, 5

Storage must be equal to, or greater than, inflow minus outflow,

defined above in sections 3.3.1 and 3.3.2, and is the required
effective volume available between the base of the soakaway

and the invert of the drain discharging to the soakaway. There

are four steps in the design procedure:

1. Carry out a site investigation to determine the soil
infiltration rate {see section 3.2).

Decide on a construction type (eqg filled pit in square,
circular or trench form, or perforated concrete ring units
with granular surround).

Calculate the required storage volume, S, from inflow minus
outflow for a range of durations of 10- or 100-year design
storms to determine the maximum storage predicted for
the type of soakaway.

Review the design to ensure its overall suitability considering
space requirements, site layout and time for emptying.



Table 1: Values of factor Z1 for rainfall duration (D) and ratio (1)

Rainfall duration (D)

Minutes {min) Hours (h)
Ratio {r) 5 10 15 30 1 2 4 6 10 24
0.12 0.22 0.34 0.45 0.67 1.00 1.48 217 275 3.70 6.00
0.15 0.25 0.38 0.48 0.69 1.00 1.42 2.02 2.46 3.23 490
0.18 0.27 0.41 0.51 0.71 1.00 1.36 1.86 2.25 2.86 4,30
0.21 0.29 0.43 0.54 0.73 1.00 1.33 177 212 2.62 3.60
0.24 0.31 0.46 0.56 0.75 1.00 1.30 171 2.00 2.40 3.35
0.27 0.33 0.48 0.58 0.76 1.00 1.27 1.64 1.88 2.24 3.10
0.30 0.34 0.49 0.59 0.77 1.00 1.25 1.57 1.78 2.12 2.84
033 0.35 0.50 0.61 078 1.00 1.23 1.53 173 2.04 2.60
0.36 0.36 0.51 0.62 0.79 1.00 1.22 1.48 1.67 1.90 242
0.39 0.37 0.52 0.63 0.80 1.00 1.21 1.46 1.62 1.82 2.28
0.42 0.38 0.53 0.64 0.81 1.00 1.20 142 1.57 1.74 2.16
0.45 0.39 0.54 0.65 0.82 1.00 119 1.38 1.51 1.68 2.03

Table 2: Growth factor 22 for M10 and M100 rainfall duration derived from M5 rainfall duration

M10 growth factor 22 M100 growth factor 22

M5 rainfall England and Scotland and England and Scotland and
{mm) Wales Northern Ireland Wales Northern Ireland
5 1.20 1.18 1.84 1.91

10 1.22 1.19 1.91 197

15 1.23 1.19 1.95 1.97

20 1.24 1.20 2.00 1.97

25 1.24 1.19 2.03 1.93

30 1.24 1.18 2.01 1.89

a0 1.22 1.18 1.97 1.85

50 1.21 1.18 194 1.82

75 1.19 1.17 1.90 1.78

100 117 1.16 1.81 172

This design method for sizing soakaways contains assumptions
which generally combine to increase the factor of safety against
surface flooding of the design;

* The percentage run-off is taken as 100% from the drained
area, ie no reduction is made to the design run-off volume
discharged to the soakaway for losses due to surface
wetting or the filling of puddles during the storm.

* No allowance is made for the time taken for run-off to
discharge to the soakaway. The required storage volume
is calculated on the basis of instantaneous discharge to
the soakaway. The outflow from the soakaway is under-
estimated: higher infiltration rates occur at greater depths
of storage in practice than are adopted in design, and
because the outflow is calculated on the basis of the rainfalk
duration rather than the run-off duration. The latter may be
considerably longer, depending on the length of the drains.

3.4 C(limate change

Designers should consider the impact of climate change in
soakaway design assessments. This will reduce the likelihood of
problems associated with under-sizing of soakaways.

The UK Climate Projections (UKCPO9: http://
ukclimateprojections.metoffice.gov.uk} provides climate
information designed to help planning for adaptation to climate
change throughout the 21st Century. Projections of climate
change allow for uncertainty due to the natural variability and,
the incomplete understanding of the climate system and its
imperfect representation in models. These uncertainties are
accounted for by giving the probahilities of a range of possible
outcomes.

Figure 4 shows changes, from 1961 to 2006, in the contribution
from heavy precipitation in the winter {the blue bar labelled "W’
on Figure 4) and summer (the yellow bar labelled 'S’ on Figure 4)
precipitation in the nine Met Office climatological regions of the UK.
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Figure 4: Trends over the period 1961 to 2006 in the contribution (%) made by heavy precipitation events to total prec‘:pitationie], Positive trends are
labelled "W for winter and shown in blue, negative trends are labelled S’ for summer and shown in yellow. Image © UK Climate Impacts Programme

All regions have experienced an increase in the contribution

to winter rainfall from heavy precipitation events. In summer,

all regions show decreases except northern Scotland which
experienced no change and north east England which shows an
increase.

The design should assume a different value of rainfall inflow )
into the soakaway and ignore any other changes such as impact
on outflow. Unless the soakaway is intended to have only a
short working life (10 years or less) then a climate change factor
for 1 should be adopted as /..

Avalue of 30% increase should be assumed, unless the designer
can demonstrate that a lower, or indeed higher, value would
satisfactorily deal with the risk of climate change.

The designer should recalculate the value of ‘R" to add 30% (R
and then use this to calculate /..

It should be noted that the inclusion of a climate change
factor within soakaway design is not a requirement of building
regulations. Therefore, designers and contractors who allow
for climate change are doing so as a matter of best practice
rather than meeting regulatory requirements. Further
mfp;mation and advice on dimate change, and how to use
this information in design, can be obtained from the Met
Office (www.metaffice.gov.uk) or organisations such as UKCIP
{(www.ukcip.org.uk).

4

Construction

Installing a soakaway provides a means by which rainwater
from a building can be collected and dispersed into the soil ina
suitable location. The area of the ground to be excavated should
be lower than the building if possible, but certainly not higher.

The ground can be excavated by hand, but a mini-digger will
complete the work faster, and if used by a trained operative
it will be safer. The total depth may need to reach3mto4m.
Trench-type soakaways do not need to be as deep, but will
require a suitable free length to take the excavation without
disturbing services or adjacent structures.

Once the excavation has been completed, a level 100 mm
layer of gravel blinding should be laid over the base. If the
soakaway is to be filled with granular material or plastic cells
then a geotextile can be used to line the excavation. The fabric
should be laid over the pit so that it sits centrally (Figure 5). Ease
the middle of the fabric down to the bottom of the pit so that
it fies as flat as possible. Drainage and inspection pipes should
be positioned and then the granular filf or plastic cells can be
added. The drainage pipes should be laid to the soakaway
from the surface water collection manhole and the water will
gradually seep away into the surrounding soil. However, this
arrangement can eventually silt up the soakaway.
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Figure 5: Cross-section of a small, filled-type soakaway with a

perforated inspection well extending to the base of the soakaway,
providing access to tha discharge drain outlet

Alternatively perforated pre-cast concrete ring units, squares
ar dry jointed brickwork can be used in order to form the
soakaway. These types shouid have a foundation of a concrete
base to prevent collapse of the ground.

The soakaway should be connected by a pipe to the area that is
being drained, which could be a roof or an area of ground such
as a car park. A trench should be excavated from the building or
other area to be drained for the drain pipe to run in, The depth
of this will be dependent on the ground levels, but adequate fall
along its entire length is needed to ensure proper drainage.

As in all construction, installing a soakaway will require a
health and safety risk assessment to be undertaken. The risk
assessment should identify the hazards and put into place the
measures to manage risk.

All soakaways should be provided with some form of inspection
access, so that the point of discharge of the drain to the
soakaway can be seen. This access will identify the location

and allow material to be cleared from the soakaway. Lined
soakaways have the advantage of access for inspection and
cleaning, and this should be a feature of scakaways. The
location should also be clearly identified on any development
plans, therefore allowing a point of reference for future property
owners or those involved in maintenance (note that these points
are not planning or building regulation requirements, but are
good practice).

Monitoring of soakaway performance can be informative about
changes in the soil infiltration rate and in warning of soakaway
blockage in the long term. The inspection access should provide
a clear view to the base of the soakaway, even for filled-type
soakaways (Figure 5). For small, filled soakaways, a 225 mm
perforated pipe provides a suitable inspection well.

Trench-type soakaways should have at least two inspection
access points, one at each end of a straight trench, with a
horizontal perforated or parous distributor pipe linking the ends
along the top of the granular fill (Figure 6). [t may be convenient
with a trench-type soakaway to have several drain discharge
points along the length of the trench, each connected to the
soakaway via an inspection access chamber.

Porous distributor pipe

Figure 6: Crass-section of a trench-type soakaway with a horizontal
distributor pipe

In trench-type soakaways, the movement of suspended and
floating material into the distributor pipe can be minimised

by using wet wells with a T-piece inlet fitted to the distributor
pipe (Figure 7). The installation of two or more T-piece inlets to
distributor pipes, in two or more trench-type soakaways, may
be appropriate for large wet well designs. The advantages of
sedimentation of fine material in the pre-cast chamber {for ease
of maintenance and extended operating life) are combined with
the mare efficient trench discharge characteristics.

Access paints enable the point of discharge of the drain to be
viewed. For small filled soakaways, a 225 mm perforated pipe
can be used as an inspection well. Trench-type soakaways
require at least two inspection access points, one at each end

of a straight trench. These should be linked, near the top of the
granularfill, by a horizontal perforated or porous distributor
pipe. Where more than one drain feeds a trench-type soakaway,
each connection should be via a suitable access chamber.

Access cover

Porous
distributor

Pipe

Inspection
well

Figure 7: Cross-section of a trench-type soakaway with a large wet well,
equipped with a T-piece overflow ta the porous distributor pipe and
separate inspection well



EXAMPLE A
Design a soakaway to receive surface water from a
95 m? impermeable surface for a site at Southampton

Find the rainfall ratio from Figure 3 (r= 0.35) and calculate the
storm rainfalls for a range of storm durations. Use Tables 1 and 2
to calculate the storm duration. Results are given in Table 3 for
10- and 100-year return periods.

Assuming the results from a soakage test (Figure 1) were
obtained at the site, they can be used to design a soakaway
which will be filled with granular material having 30% free
volume. The percentage void space of any granular fill must be
pre-determined for use in the design method.

Take the soakaway dimensions as:

2.4 m long x 2.5 m deep x 1.5 m effective storage depth, so that
the pit can form part of the full-scale soakaway.

Calculate the design width of the soakaway:
Volume equation /-0 =35.

A.lInflowto soékaway 0

I=AxR

= impermeable surface area x M10-D min rainfall eg for 10 min
storm duration, M10-10min=12.4mm=0.0124 m

1 =95x0.0124

=1.178 m3,

A.2 Outflow from soakaway (0)

0 =ayq x  x D= internal surface area of pit to 50% storage
depth (excluding base area} x soil percolation rate x storm

duration.

For a rectangular pit 2.4 m lang x 1.5 m effective storage depth
x Wm wide:

8y =2x24+W)x(1.5:2)=36+15Wm’
f=3.3 x 10> m/second from soakage test

O=(GE6+15W)x{3.3x 107 x{Dx60)m>.

A.3 Soakaway storage volume (S)

S = effective volume of scakaway with 30% free volume =
24x15xWx03=108Wmi

For satisfactory storage of the M10-10 min run-off;
I-0=5

1178-(3.6+1.5WIx(3.3x 10 x {10 x 60) = 1.08 W/
Required soakaway width:

W=1m.

Repeat the calculation for a range of M10-D min storms and

determine the maximum width. Results are summarised in Table 4.

Table 4: Rainfall results for a range of M10-D min storms
Storm duration D (min) Regquired soakaway width W (m)

10 1.00
15 1.20
30 1.41
60 1.53
120 1.41
240 0.99

A soakaway 2.4 mlong x 1.5 m effective storage depth x

1.53 m wide would be suitable with the ¢ritical storm duration
around 1 h for 10-year events. The design may be suitable

for the site layout but, if not, alternative shapes could be
investigated. For example, if a narrow soakaway was necessary
similar to the soakage trial pit (0.6 m wide x 1.5 m effective
storage depth), calculations show that it must be 5.1 m leng,
with the critical storm duration around 30 min.

Check on time of emptying half storage volume, T,

ts0=5x 0.5/ 8550 x = (1.08 x 1.53) x 0.5(3.6 +[1.5 x 1.53) x
(3.3 x 10 seconds

te,=1.2h
This design is clearly satisfactory but with soil infiltration rates of

about 107 it may take days for the soakaway to half empty so
the performance would be unsuitable.

Table 3: Rainfall results for a range of storm durations {10- and 100-year return periods)

Storm duration M5-Dmin= Z2 (10-year M10-D min = Z2 (100-year M100-D =
D (min) 20 mmx Z1 return period) R {(mm) return period) R{mm)
10 10.2 1.22 12.4 1.91 19.4
15 12.4 1.23 15.2 1.95 240
30 15.8 1.24 19.6 2.00 314
60 200 1.24 248 2.03 406
120 24.4 1.24 30.3 2.01 49.0
240 30.0 1.22 36.6 1.97 59.0
360 33.8 1.21 40.9 1.94 65.6
_600 39.0 1.19 46.5 1.90 74.0




Design an alternative soakaway for a site at
Southampton, using perforated concrete ring units
Use the rainfall results given in Table 3. The soil infiltration rate
is 3.3 x 10> m/second and the effective storage depth is 1.5 m.
Use an initial design of 200 mm internal diameter concrete

ring units, placed in a square pit of side length £, with granular
backfill with 30% free volume between the rings and the sides
of the pit.

Volume equation /- 0= 8.

B.1 Inflow to soakaway (/)
,=A X R
=95 x0.0124

=1.178 m? for M10-10 min storm.

B.2 Outflow from soakaway (O)
O=a,,xfxD

For a square soakaway with 1.5 m effective storage depth and
excluding base area;

a550=4xl_><‘|.5x0.5
=3im’
0=3L%(33x 10" x{Dx 60) m?

=0.0594 £ m? for M10-10 min storm.

B.3 Scakaway storage volume (S)

= free volume in granular fill + volume within concrete ring units.
Velume within 900 mm ring units = 3.142 x 0.452 x 1.50 =

0.95 m?, Free volume in granular fill surrounding ring unitsin a
square pit:

={1.512-[3.142 x 0.5? x 1.5]) x 0.3

=0.4517-0.353m°,

(0.5 m = internal radius of the concrete ring plus 50 mm walk
thickness).

Total volume $=0.95 +(0.45 £% + 0.353) = 0.597 + 0.45.? m®
For satisfactory storage of the M10-10 min run-off:

1-0=5§

1.178 - 0.0594 £ = 0.597 + 0.45 {2

0.451% +0.0594 L -0.581=0.

Solving the quadratic equation:

Side length £ =—0.0594 + {0.05947 + 4 x 0.45 x (.581)%°
/2x0.45

L=107m.
Repeat for a range of M10-D min storms and determine the

maximum size of excavation. Results are summarised in Table 5.

Table 5: Maximum size of excavation

Storm duration D Required soakaway pit L

{min) {m)

10 1.07
15 1.28
30 1.49
60 1.62
120 1.59
240 1.40

Choose a soakaway 1.62 m? subject to a check on time of
emptying half the storage, ¢,

fso=S % 0.5/ a0 x F={0.597 + 0.45 (1.62)) x 0.5/(3 x 1.62) x
{3.3%x10%seconds=1.5h

If the initial design using 900 mm concrete units and the
calculation of the pit side length is unsatisfactory, select another
standard size of unit and repeat the calculation.

In order to account for the risk presented by climate change the
designer can add to the soakaway volume (30% is suggested).
There is no statutory requirement to take account of climate
change, but it may be advisable if a long life is expected from the
development and the soakaway.



Design a trench-type soakaway to receive surface
water run-off from a 400 m? impermeable surface

Choose a trench 0.6 m wide, 1.5 m effective storage depth, with
granular fill having 30% free volume. Calculate the soakaway
trench length, L. The rainfall ratio ris 0.35 and soil infiltration
rate fis 3.3 x 107 m/second.

Volume equation (- O =5.

ca inflow to so;ak‘away"m

]:A X R

=400 x 0.0124

=4.96 m? for M10-10 min storm.

C.2 Outflow from soa I.(.away‘ (O)

O=a,,x fxD

8, =2x 0.6+)x(1.5+2)

0=(09+15L)%(3.3x 107} x (D x 60) m?

=0.01782 + 0.0297 L m? for M10-10 min storm.

C.3 .Soal'(away storage volume'(S)

Soakaway storage volume, 5, = effective volume in trench with
30% free volume:

S=Lx06x15x03=027Lm°

For satisfactory storage of the M10-10 min run-off:

1-0=5

496-0.01782-0.0297L=0.271L

L=16.5m.

Repeat the calculation for a range of M10-D min storms and
determine the maximum length. The results are summarised
in Table 6. A scakaway 22 m long, 1.5 m effective storage
depth and 0.6 m wide is suitable; time for half emptying is

45 min. Such a design might be compatible with site layout
and topography but an alternative trench cross-section could

Table 6: Rainfall results for a range of M

Storm duration D Required soakaway length L

(min) (m)

10 16.5
15 19.7
30 219
60 219
120 19.2
240 14.0

be investigated. Maintain the 1.5 m effective storage depth
but use trench widths of 0.3 m and 1 m. The design lengths of
the trench for the widths are shown in Figure 8 for a range of
10-year return period storms. As the design width increases,
the required length decreases and the critical sterm duration
increases, So if a design fails to meet the 24-h time for half
empty criterion, reducing the width and thereby increasing the
length of a trench-type soakaway might achieve a satisfactory
design. Similarly, if a design based upon a perforated pre-cast
concrete ring unit soakaway fails the 24-h criterion, a trench-
type scakaway may be satisfactory.

With narrower, longer spakaways the volume of the soakaway
trench is reduced relative to the wider trench designs —

the storage is reduced because of the enhanced outflow
performance. The volume of the trench designed 0.3 m wide is
only 70% of a 1 mwide trench so there are savings in the cost of
excavation and granular fill material (Figure 8).

In order to account for the risk presented by climate change the
designer can add to the soakaway volume {30% is suggested).
There is no statutory requirement to take account of climate
change, but it may be advisable if a long life is expected from the
development and the soakaway.

40 Line of critical storm duration and
- 5 a
v required maximum trench length

Design length (L) of trench soakaway (m)

Trench
width
! 03m
® 1m
10 S
| 1 1 1 I 1 1 |
0 1 2 3 4

M10 storm duration {h)

Figure 8: Required design length of a trench soakaway plotted against
design storm duration for 10-year return period storms
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