

















Maps of Areas Potentially Vulnerable to Groundwater Emergence

The following text has been extracted from the Jacobs 2004 Scoping Report as a first point of reference to
accompany the above maps, but for full details please see the original report.

The Groundwater Emergence Maps (GEMs) identify those parts of England where, in
exceptionally wet winters, groundwater levels could be expected to be at or close to the
ground surface. Where possible these maps have been calibrated on observations made
in the winter of 2000-01. Where no flooding was reported, or information was not made
available, the maps indicated estimated areas based on anticipated groundwater levels
using relevant aquifer properties or river baseflow indexes.

The GEMs do not imply flooding per se, only that groundwater could be sufficiently
close to the surface to cause flooding, pending local conditions such as local geology,
drainage and developments. The impact of groundwater being at or close to the surface
is largely dependent on its frequency of occurrence. Those areas that have groundwater
near the surface on an annual basis, would normally have drainage systems adapted to the
annual flow range experienced. It is in those areas, normally at the upper reaches of the
catchment that experience high groundwater only rarely, where problems of flooding are
most likely to be experienced. Typically, drainage paths in these areas will be poorly
defined and unable to cope with the flow, and cellars and basements may flood from
seepage. Within the zones identified the following impacts are possible:

Emergence of new or rarely experienced springs;

* Migration of stream sources high into the headwaters;

* Emergence of water into underground structures; DEFRA Final_rev.doc/May-04 2-12
* Emergence of water at the surface;

* Flooding of properties;

* Local drainage network overwhelmed by rate of flow;

* Large areas of standing water;

* Surcharging sewer network;

* Failure of electricity supplies;

* Inundation of roads, restricting vehicle movements and deterioration of the surface
cover; and

* Damage to crops.

The GEMs are composite maps constructed using information from a variety of sources.
Inevitably, the quality and applicability of the data varied, for example the available data
on groundwater levels typically covered the 1970s rather than 2000-01. Consequently,
the confidence that can be placed on the maps will vary from area to area. In order to
provide an indication as to the reliability of the maps, they have been ranked from 1 to 3
where 1 represents a high degree of confidence in the mapped area.

There are some locations, mainly consisting of minor aquifers, where groundwater level
data are unavailable or, in many cases, groundwater levels are not monitored. To ensure
comprehensive coverage of all areas with the potential to cause groundwater flooding the
Base Flow Index derived from the Hydrology Of Soil Types (BFIHOST) classification
has been applied to the rivers network from the Centre for Ecology and Hydrology
(CEH). The Base Flow Index is an indication of the proportion of water in the river that
is derived from groundwater and other sources of stored or slowly released water.
Simply, the greater the proportion of baseflow, the greater the propensity to flood from



this stored water. The GEMs all show BFIHOST classified according to four categories.
Those with a base flow in excess of 0.9 (90% flow) being heavily dominated by baseflow
and typically being Chalk fed. The next two categories are less dominated by baseflow
with proportions of 80% and 70%. All other rivers are shown as blue and indicate those
rivers in which baseflow does not play a major part in the flow regime. Those sections of
rivers coloured grey are unclassified and arise from a poor fit between the rivers network
and the BFIHOST network. As the proportion of baseflow drops, the more flashy the
flow regime becomes and it would be expected that surface runoff floods become
dominant. Whilst the coloured rivers do indicate the proportion of baseflow on the
established rivers, it is the minor rivers upstream that are the most vulnerable. However,
displaying the more detailed drainage path network is inappropriate at this scale of

mapping.

In addition to the groundwater emergence zones and the river networks, the GEMs
show locations of historical flooding in 2000/01 for comparison. In Hampshire there
are some outlying observations beyond the defined zones suggesting local influences on
groundwater emergence.
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RAINFALL RUNOFF MANAGEMENT FOR DEVELOPMENTS — INTERIM
NATIONAL PROCEDURE

1. Procedure status. This procedure is an interim method, which is expected to be
revised as improved tools are developed. It utilises well recognised existing methods,
but revision is anticipated to provide a more consistent approach as and when FEH
procedures can be extended to catchments at development scale.

2. Compliance to national guidance. The objective of this procedure is to assist
developers and their designers to conform to PPS25.

3. Application of the procedure. This procedure applies to both greenfield and
brownfield sites. In the case of brownfield sites, drainage proposals will be measured
against the existing performance of the site (although it is preferable for solutions to
provide runoff characteristics which are similar to greenfield behaviour). Therefore
where greenfield performance is referred to in this document, this should be
considered as meaning the existing site conditions for brownfield redevelopment
sites. Sites with polluted land will have particular consent requirements and affect the
drainage techniques that can be used.

4. Use of infiltration. Part H of the Building Regulations requires that the first choice
of surface water disposal should be to discharge to infiltration systems where
practicable. Infiltration techniques should therefore be applied wherever they are
appropriate.

5. Sewers for Adoption. Drainage calculations and criteria, where appropriate,
should comply with the 6th edition of Sewers for Adoption.

6. Need for this procedure. It is recognised that the impact of urban development
on greenfield areas increases both the rate of run-off and the volume of run-off in
response to rainfall and that the water quality impact on the receiving watercourse is
likely to be detrimental.

7. Procedure philosophy. The objectives of this procedure are to:

e stormwater runoff discharged from urban developments to replicate or
achieve a reduction from the greenfield response of the site over an
extended range of storm probabilities (return periods)

e manage runoff on site for extreme events.

This requires:
e the peak rate of stormwater run-off to be controlled
e the volume of run-off to be reduced
o the pollution load to receiving waters from stormwater runoff to be
minimised
¢ the assessment of overland flows and temporary flood storage across
the site.

8. Discharge rate criteria. The Environment Agency will normally require that, for
the range of annual flow rate probabilities, up to and including the 1% annual
probability (1 in 100 year event) the developed rate of runoff into a watercourse
should be no greater than the undeveloped rate of runoff for the same event.
Exceptions only apply where it is not practical to achieve this due to either constraints
on the size of the hydraulic control unit (see point 17), or excessive storage volumes.
The purpose of this is to retain a natural flow regime in the receiving watercourse and



not increase peak rates of flow for events of an annual probability greater than 1%.
Three annual probabilities merit specific consideration; 100%, 3.33% and 1%. (Note
that in many places elsewhere in this Guide return periods are used instead of
annual probabilities, as much historic nomenclature and many formulae use return
periods).

8.1 The 100% annual probability (1 in 1 year event) is the highest probability event
to be specifically considered to ensure that flows to the watercourse are tightly
controlled for these more frequent events.

8.2 The 3.33% annual probability (1 in 30 years event) is of importance because of
its linkage with the level of service requirement of Sewers for Adoption 6th edition
(SfAB). STAG6 requires that surface water sewers should be capable of carrying the
3.33% annual probability event within the system without causing flooding to any part
of the site.

8.3 The 1% annual probability (1 in 100 years event) has been selected since it
represents the boundary between high and medium risks of fluvial flooding defined
by PPS25 and also recognises it is not practicable to fully limit flows for the most
extreme events. Also SfA6 recognises that, during extreme wet weather, the capacity
of surface water sewers may be inadequate. SfA6 requires that the site layout should
be such that internal property flooding does not result, by demonstrating safe above
ground flow paths. The return period for this analysis is not specified, but it is
recommended that 1% annual probability event (i.e. an event with a return period of
100 years) is used.

8.4 Flood flows. up to the 1% annual probability event should preferably be
contained within the site at designated temporary storage locations unless it can be
shown to have no material impact in terms of nuisance or damage, or increase river
flows during periods of river flooding. Analysis for overland flood flows within the site
will need to use short high intensity rainfall events of between 15 minutes and 1 hour
duration.

9. The calculation of greenfield runoff rate. The calculation of peak rates of runoff
from a greenfield site is related to its size. The values derived should be regarded as
indicative due to the limitations of the existing tools. Table 9.1 summarises the
techniques to be used.

Table 9.1 Tools to be used for calculation of greenfield run-off criteria

Development size Method

0-50ha The Institute of Hydrology Report 124 Flood Estimation for
Small Catchments (1994) is to be used to determine peak
green field runoff rates.

Where developments are smaller than 50 ha, the analysis for
determining the peak greenfield discharge rate should use 50
ha in the formula and linearly interpolate the flow rate value
based on the ratio of the development to 50 ha.

FSSR 2 and 14 regional growth curve factors are to be used
to calculate the greenfield peak flow rates for 1, 30 and 100
year return periods.

50 ha — 200 ha IH Report 124 will be used to calculate greenfield peak flow
rates. Regional growth factors to be applied.




Above 200 ha IH Report 124 can be used for catchments that are much
larger than 200 ha. However, for schemes of this size it is
recommended that the Flood Estimation Handbook (FEH)
should be applied. Both the statistical approach and the unit
hydrograph approach should be used to calculate peak flow
rates. The unit hydrograph method will also provide the
volume of greenfield run-off. However, where FEH is not
considered appropriate for the calculation of greenfield run-off
for the development site, for whatever reasons, IH 124 should
be used.

10. Volumetric criteria. The stormwater runoff volume from a site should be limited
to the greenfield runoff volume wherever possible. The additional runoff volume
caused by urbanisation should be controlled using two criteria.

10.1 Interception. Where possible, infiltration or other techniques are to be used to
ensure minimal discharge to receiving waters for rainfall depths up to 5mm.

10.2 Additional runoff due to development. The difference in runoff volume pre
and post-development for the 100 year 6 hour event, (the additional runoff
generated) should be disposed of by way of infiltration, or if this is not feasible due to
soil type, discharged from the site at flow rates below 2l/s/ha.

10.3 Where compliance to 100 year volumetric criterion, as defined in section 10.2, is
not provided, the limiting discharge for the 30 and 100 year return periods will be
constrained to the mean annual peak rate of runoff for the greenfield site (Referred to
as QBAR in IH Report 124).

11. Percentage runoff from greenfield sites. The percentage runoff of the rainfall
on a greenfield site can be assumed to be approximately equal to the SPR value of
the solil type of the site. The SPR value can be used from either the Flood Studies
Report (FSR) or the Flood Estimation Handbook (FEH).

12. Percentage runoff from developments. Calculation of the run-off volume from
the developed site for preliminary assessment and design of drainage facilities will
assume 100% run-off from paved areas and 0% run-off from pervious areas. Runoff
from impermeable surfaces served by effective infiltration systems can be assumed
to contribute no runoff for storage volumes assessment.

13. Detailed design of stormwater runoff. All network design for stormwater runoff
and proof of compliance in meeting peak flow rate discharge criteria, using computer
simulation, should use the standard Wallingford Procedure variable UK runoff model
using appropriate parameters.

14. SUDS for water quality. SUDS units should be used to achieve water quality
improvements and amenity benefits as well as achieving compliance to these
hydraulic criteria. Best practice in achieving water quality protection should be used.

15. Reliability of SUDS. At present certain SUDS units are considered to have some
degree of risk of medium term hydraulic failure, due to either maintenance or
possible change of status. In these situations, to ensure compliance with pipe
capacity criteria, they will be deemed not to be effective when calculating pipe sizes
and storage requirements. For pipe sizing the current view of the Water Undertakers
should apply (see the National SUDS Framework document). For storage sizing of all



structures which are not to be adopted by Water Undertakers, the view of the
Environment Agency should normally apply.

16 Climate change factor. Climate change will be taken into account in hydrological
regions by increasing the rainfall depth by the recommended allowances in PPS25
for computing storage volumes. No allowance for climate change should be applied
to calculated greenfield peak rates of runoff from the site for any hydrological region.
It should be recognised that although climate change is acknowledged as taking
place, certainty regarding the hydrological changes, particularly of extreme short
duration events, is very low.

17. Minimum limit of discharge rate. 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. It
is suggested that this is 5 litres per second, using an appropriate vortex flow control
device or other technically acceptable flow control device. The minimum size of pipe
discharging from a flow attenuation device should be 150mm laid at a gradient not
flatter than 1 in 150, which meets the requirements of Sewers for Adoption 6th
Edition.

18. Catchment Flood Management Plans. CFMPs (Catchment Flood Management
Plans), consider the impact of development on flood risk in the catchment based on
existing land use plans contained in the local plan published by the Local Planning
Authority and projections of development beyond the periods covered by the land
use plans. Strategy Plans identified in the CFMPs each cover part of the catchment
and may consider the local impact of these developments in more detail. Where
these exist for an area proposed for development, their findings must be taken into
account in the development proposal.

Further information can be found in the books:
Preliminary rainfall runoff management for developments (R & D Technical

Report W5-074/A Revision D (Environment Agency and Kellagher R, 2004 - Free
download from the Environment Agency web site www.environment-agency.gov.uk).

CIRIA C697 The SUDS manual (Woods Ballard B; Kellagher R et al, 2007 —
available from CIRIA bookshop www.ciria.org)

Interim code of practice for sustainable drainage (National SUDS Working Group,
2004) - Free download from CIRIA web site www.ciria.org or Environment Agency
web site www.environment-agency.gov.uk)
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SURFACE WATER MANAGEMENT — CALCULATION & DRAWING REQUIREMENTS

Purpose: To assist developers in demonstrating that they are complying with latest guidance on
managing surface water run-off the following calculations and drawings shall be submitted:

1) General Drainage Information

A summary sheet (1 page max) showing the global variables which have been used in the design of
the surface water sewerage system.

For Basingstoke, the following values are typical: M5_60 = 20.0mm, Ratio_R = 0.40,
Cv (Summer) = 0.750, Cv (Winter) = 0.840.

Note: The values of Cv may be increased by 20% or 30%, as appropriate, to model the effects of
climate change, if there is not other provision in the developer’s software.

Pipe roughness: As per Sewers for Adoption guideline values.

The Following Key Data must be provided:
(a) The total impermeable area of the whole development
(b) The existing impermeable area and the allowable peak discharge from the site.
(See page 1)
(c) The total volume of attenuation storage which will be provided both above and below ground.

Provide a drawing showing a schematic of the drainage layout, with all pipes, manholes, ponds, etc
clearly numbered or referenced to the model output.

On-Site Standards

2) No Surcharge up to 1in 2 year return period
Provide a summary sheet demonstrating compliance

3) No Flooding up to 1 in 30 year return period
Provide a summary sheet demonstrating compliance

Off-Site Standards

4) Maximum Discharge
Provide results of peak flow from site, which must be < allowable discharge

5) No Additional Run-off from site up to 1in 100 years + Climate Change

Provide results showing the peak water level in any ponds, or tank (and hence volume). Provide a
drawing showing the size and location of all the attenuation storage provided. Where attenuation
storage is located above ground, provide details of finished ground levels and demonstrate flood
pathways to the storage areas.

Note: There is no need to provide reams of hydraulic calculations. There is a need to demonstrate compliance with the
parameters given in Minimum Development Control Standards for Flood Risk, which are based on the provisions of PPS25.




SUDS TREATMENT CONSIDERATIONS
Table 5.6 Number of treatment train components (assuming effective pre-treatment is in place)

Taken from The SUDS Manual CIRIA report C697

Receiving water sensitivity > Low Medium High

Runoff catchment ¥

characteristic
Roofs only 1 1 1
Residential roads, 2 2 3

Parking areas, commercial zones

Refuse collection/ 3 3 4
industrial areas/
loading bays/lorry
parks/highways

Other Issues to be Considered

Source protection zones in proximity of the site
Geological mapping
Sensitive sites mapping as given in the appropriate Water Cycle Strategy

Choosing the right SUDS system

The choice of SUDS system will depend on a number of factors such as:
the pollutants present in run-off;

o the size of and drainage strategy for the catchment area,;

o the hydrology of the area and infiltration rate of the saill;

e Groundwater Source Protection Zones or contaminated land.

Large-scale ponds and wetlands are generally more appropriate for sites larger than 5ha. Infiltration
trenches, swales, filter strips and porous pavements are suitable for both large and small sites. The
best drainage solution for a site will often incorporate a mix of mechanisms.







, y 4 I No: 20of 5 | Rev: 0
syalcrow CALCULATION SHEET
Project: Flow comparison of qrgen figld and imp'ermable runoff and for Qevelpoment sites of By: AB Date:  11/03/2008
lhain Swindon, Basingstoke, London, Yeovil.
H . Date:
Subject: Greenfield Runoff (1) Check
By:

Site Characteristics-

1. Hydrological Region (1-10) (R) (select from map below)

Site location | R | SAAR (mm)
Swindon 6 718.00
Basingstoke | 6 806.00
London 6 636.00
Yeovil 8 1060.00
Cambridge 5 545.00
For each site the assumed AREA = 1 ha

Figmer 11 yilrelugicl irghos of UK

By using Windes - Source Control - Rural Runoff QBAR/ADAS is possible to easily

calculate the greenfield runoff from the different sites

L IH 124, FEH Peak Flow, IGP SUDS and ADAS 345 Colculator

Fle Ot
&&|0 7 =lal
il T 1 Girowin Curve 1 ;
1M 124 Input L FEH gnt 1 BDAS 345 kgt 1 1P SLDG brput I m‘.
FEN - Methad
oy 5 F5RL - Pty Urbarived Cotchement I08AR) Cioee
Uhan [ 0000  Aegenbo| []
deea ol [ oom b |
SAAR o) I 3
sa o =l

References/Results

The UK is divided into 10
hydrological regions reflecting the
different flood frequency growth

curves (Appendix 1, Figure 1)

SAAR from FEH info (csv file)

Rev 1

BPG121_FO1(Excel)




” I No: 4 0of 4 | Rev:
gxalcrow CALCULATION SHEET
Project: Flow comparison of qrgen figld and imgermable runoff and for t_:levelpoment sites of 1ha By: AB Date:  11/03/2008
in Swindon, Basingstoke, London, Yeovil.
Subject: Result Comparison g:‘eCk Date:

Resutl comparison between the Greenfield and impermable runoff:

Return period
Site Location Method 1year 30 years | 100 years
. Grennfield Runoff 5.60 15.00 21.20
Swindon
Impermeable Runoff 51.60 143.70 | 207.61
. Grennfield Runoff 0.60 1.70 2.30
Basingstoke
Impermeable Runoff 52.99 156.68 | 231.32
Grennfield Runoff 2.10 5.70 8.00
London IIs
Impermeable Runoff 57.52 184.09 | 279.61
v i Grennfield Runoff 6.60 16.20 20.60
eovi
Impermeable Runoff 51.82 153.79 | 227.32
. Grennfield Runoff 1.80 5.90 7.40
Cambridge
Impermeable Runoff 53.15 163.69 | 245.20

References/Results

BPG121_FO1(Excel)




s1alcrow

CALCULATION SHEET] no: 30f4 | Rev: 0
Project: Elow comparison of green flgld and |mp.ermable runoff and for QEveIpoment sites of 1hain By: AB Date: 11/03/2008
Swindon, Basingstoke, London, Yeovil.
i : Check Date:
Subject: Greenfield Runoff (2) + Impermeable runoff By_ec ae

Here below is the results list:

Site Location Q (L:1year) | Q(1:30years) Q(1:100years) /s
I/s I/s

Swindon 5.6 15 21.2

Basingstoke 0.6 1.7 2.3
London 2.1 5.7 8

Yeovil 6.6 16.2 20.6
Cambridge 1.8 5.9 7.4

Greenfield Runoff (I/s)

Impermeable Runoff

Using the modified rational method

Q=2.78CIA

Where  C Coefficient of runoff
I Average rainfall intensity during time of concentration

A Contributing Area

See below the average rainfall intensity (mm/hr) for a storm durations of 30minutes as obtained from
FEH and Windes

Return period
Site Location 1year 30 years | 100 years
Swindon 18.56 51.69 74.68
Basingstoke 19.06 56.36 83.21
London 20.69 66.22 100.58
Yeovil 18.64 55.32 81.77
Cambridge 19.12 58.88 88.2
Average rainfall intensity (mm/hr)

By appling the modified ratinal method formula and assuming:

C 1 (100% runoff)
A 1 ha

| from table above

Return period

Site Location 1 year 30 years | 100 years
Swindon 51.60 143.70 207.61
Basingstoke 52.99 156.68 231.32
London 57.52 184.09 279.61
Yeovil 51.82 153.79 227.32
Cambridge 53.15 163.69 245.20

Impermable runoff (I/s)
Rev 1

References/Results

BPG121_FO1(Excel)
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