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Executive Summary

Paul Waite Associates has been commissioned to undertake a Flood Risk and Drainage
Impact Assessment in accordance with PPS2Sto support a planning application involving the
redevelopment of the former Ward Green Primary School in the Worsbrough area to the
south of Barnsley, to provide residential development.

Proposals for the development involve the construction of 19No residential units.

The site is approximately 0.71 Hectares in size and previously comprised a school and a
residential property.

The development site is situated within Flood Zone 1 of the Environment Agency Flood Map
(version 2.8.2), being the zone with risk of less than 1 in 1,000 year «0.1% AEP) for river
flooding or tidal/coastal flooding.

The primary flood risk to the development at Ward Green has been identified as surface
water flooding. Therefore it is imperative that a suitable strategy for managing surface
water emanating from the new development is developed in order to minimise the risk of
flooding at the site; and reduce the impact of the proposed development on existing
property downstream of the site.

A minor watercourse known Snape Ske flows is situated 115 metres to the north east of the
site and flows in a south easterly direction towards its confluence with the River Dove.
Much of the watercourse is culverted and is considered to be in riparian ownership.

Owing to the topography of the area, it is considered that the watercourse presents a low
risk of flooding to the proposed development.

The hierarchy for the disposal of surface water from new development is outlined within the
Building Regulations Approved Document H, which identifies the use of infiltration methods
as the preferred disposal option, followed by discharge to watercourse and then connection
to a sewer.

Based on information obtained from the Phase 1 Site Investigation, it is understood that site
conditions exclude the use of infiltration drainage, such as soakaways within the drainage
strategy for the proposed development.

Owing to the characteristics of the minor watercourse, the difficulty for identifying a
suitable route for connection; and the possibility that exacerbation of water levels within
the watercourse may increase the flood risk to residential properties located along the
route of both the open channel and culverted sections of the watercourse, it was
considered that discharging surface water from the development into the watercourse is
not feasible.

1



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Report No. 10225/1/01 Revision A p 111f{t: of
Project Details. Flood Risk Assessment- Redevelopment of Ward Green Primary SChool aul a.1 e
Date. March 11 Assocmles

The sewer record plans obtained from Yorkshire Water along with a survey of the existing
drainage indicate that former development was positively drained, with the foul and some
surface water flows being directed via 2ND. outfalls into the public sewer network
surrounding the site.

From the topographical survey of the site, it is determined that a total of 0.25 Hectares
(100% impermeable), is served by this positive drainage system.

Undertaking an assessment of surface water flows from the existing site, it was determined
that the flow rate to the public combined sewer which traverses the site is 12.11/s, with
15.41/sdischarged to an existing 225mm diameter surface water sewer located to the south
of the development.

In order to provide a betterment with regard to flows discharged into the public sewer to
accommodate future climate change, Yorkshire Water and Barnsley MBC requires that
existing flow discharged to the public sewer system are reduced by 30%. Therefore surface
water discharge from the redeveloped site will need to be restricted to a maximum flow
rate of 8.51/s to the combined sewer; and l11/s to the surface water sewer, for storms up to
and including the 1 in 30 year plus 30% climate change event.

Using the Modified Rational Method, a summary table indicating the storage volumes for
the 1 in 2 year, 30 year, 100 year and 100 year plus 30% climate change events at both
outfalls is provided overleaf:

Summary Table: Indicative Balance Volumes

Return Period
Outfall 1-22Smm diameter Outfall 2 - 225mm diameter

combined sewer 1m3
) surface water sewer 1m3

)

1 in 2 year 8 0
1 in 30 year 48 15

1 in 100 year 75 25
1 in 100 year + 30% climate

131 36
change

Yorkshire Water and Barnsley MBC usually requires that surface water runoff is controlled
as near to its source as possible, through a sustainable drainage approach to surface water
management (SUDS).

Undertaking an assessment using the 5UD5 suitability matrix adapted from CIRIA Report
C697, it is highlighted that the following methods are suitable for inclusion within the
drainage strategy:

• Sub-surface storage
• Green roof technology
• Rainwater Harvesting
• Permeable Pavements

2
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Upon further analysis with regard to additional factors such as maintenance; community
acceptance; cost; and suitability for runoff volume reduction and flow control it is
recommended that the adoptable drainage strategy for the site incorporates attenuation in
the form of large diameter pipework; and shallow geocellular storage units.

I
I

Flows into the existing public sewers from both outfalls are to be controlled via an orifice
plate; Hydrobrake unit or similar flow control device.

It is concluded that there is a low risk of flooding at the Ward Green Primary School site and
implementation of mitigation measures as described within this report will ensure that any
risk of flooding at the proposed development sites may be reduced to an acceptable level.

I
I
I
I

I
I
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1.0 Introduction

Paul Waite Associates has been commissioned to undertake a Flood Risk Assessment in
accordance with PPS2Sto support a planning application planning application involving the
redevelopment of Ward Green Primary School in the Worsbrough area of Barnsley to
provide residential property.

The proposed development covers an area approximating 0.71 Hectares.

Proposals for the site involve the provision of 19No new residential dwellings.

The development is situated within Flood Zone 1 of the Environment Agency Flood Map
(version 2.8.2), being the zone with risk of less than 1 in 1,000 year «0.1% AEP) for river
flooding or tidal/coastal flooding.

The primary source of flood risk to the proposed development site has been identified to be
from surface water runoff from the development, however other sources of flooding have
been considered within this assessment.

The existing development currently accommodates a primary school development, and
comprises a single storey school building within the north central part of the development;
and a residential property located within the south corner of the site. The area surrounding
the building is comprised a mixture of grassed areas; along with hardstanding car parking
and playground areas.

It is usual for the Environment Agency to raise an objection to development applications
within the functional floodplain or Zone 2 or 3 of the flood map until the question of flood
risk has been properly evaluated. The Agency will also object to developments where the
total site area is in excess of 1 Hectare until suitable consideration has been given to surface
water runoff.

4
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2.0 Approach to the Flood RiskAssessment

2.1 Approach

A topographical survey of the site was undertaken by Haycock and Todd on behalf of Harron
Homes during November 2010. The survey is calibrated to Ordnance Datum using one point
localisation at station S1. As such, the resulting site levels have been used within this report.

The requirements for flood risk assessments are generally as set out in Annex E of PPS25.
The detail and complexity of the study required should be appropriate to the scale and
potential impact of the development. For the purposes of this study, the following have
been considered:-

• Available information on historical flooding in the area.
• Site level information.
• Details of structures, which may influence hydraulics of the watercourse

and consideration of the effect of blockage of structures.
• Estimates of design levels, equivalent to a 200-year (coastal/tidal) and a

10o-year (fluvial) return period flood event.
• Allowances for increased flows resulting from the effects of climate

change.
• Allowances for sea level rise resulting from the effects of climate change.
• Assess the existing runoff characteristics and the potential impact the

proposed development will have on the runoff.

Further guidance is also provided in the CIRIA Research Project 624 "Development and
Flood Risk: Guidance for the Construction Industry".

2.2 Application of the Sequential and ExceptionsTest

The risk based sequential test should be applied at all stages of planning. Its aim is to steer
new development to areas at the lowest probability of flooding, within zone 1. The flood
zones are the starting point for the sequential approach.

The development is situated within Flood Zone 1 of the Environment Agency Flood Map
(version 2.8.2), being the zone with risk of less than 1 in 1,000 year «0.1% AEP) for river
flooding or tidal/coastal flooding.

The proposed development comprises a residential development. As such Table D2 of
Annex D within PPS25indicates that the development is classified as 'more vulnerable'.

Utilising the Flood Risk Vulnerability Table as shown overleaf, it is considered that the
proposed development is suitable for the site.

5
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Table 1: Flood Risk Vulnerability and Flood Zone 'Compatibility'

Flood Risk Essential Water HighlV More Less
Vulnerability Infrastructure compatible Vulnerable Vulnerable Vulnerable
Classification

Flood Zone 1 ./ ./ ./ of' of'
Zone Exception

Zone 2 ./ ./ Test ./ ./

required

Exception Test
Exception

Zone 3a ./ " Test ./
required

required

Zone 3b
Exception Test ./ " k k

required

./ Development is appropriate
k Development should not be permitted

I
I
I

6
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3.0 Site Details

3.1 Location

The site is centred on ordnance survey grid reference SE347 043.

An Ordnance Survey plan, indicating the location of the development is presented below.

Figure 1: Location Plan - Ward Green Primary School

Image praduced fram the Ordnance Survey Get-a-map service.
Image reproduced with kind permissian of Ordnance Survey and Ordnance Survey of Northern Ireland.

7



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Report No. 10225/1101 Revision A p III~'f
Project Details. Flood Risk Assessment- Redevelopment of Ward Green Primary School aul al e
Date. Ma rch 11 Assoclales

3.2 Current/Former Use

The site currently accommodates an existing primary school, with a single residential
property located within the south corner of the site.

The site was historically occupied by a farm from the 19thCentury until the 1960's.

A school was constructed at the site during the early 1970's and was in use until November
2010.

Figure 2: Ward Green Primary School Viewed Northwards from High Ridge.

Image produced from Google Earth

8
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3.3 Proposals

Proposals for the site involve the provision of residential development comprising 19No new
residential units.

The proposed layout produced provided by Harron Homes is presented within Appendix B of
this report.

3.4 Boundaries

The development is located within a suburb known as Worsbrough, near to the southern
fringe of Barnsley.

The site is situated within an area compnslng predominantly of existing residential
development and is located approximately 2 kilo metres to the south of Barnsley town
centre.

The area of Worsbrough includes Worsbrough Bridge, Worsbrough Common, Worsbrough
Dale, Worsbrough Village and Ward Green.

The River Dove flows east to west through Worsbrough and the reservoir before joining the
River Dearne and the area is built on its valley.

The A61 traverses this large valley, south of Barnsley, before passing through Birdwell to
junction 36 of the Ml. A railway line passed along the valley as well, which is now the Trans-
Pennine Trail.

The proposed development is accessed directly off High Ridge.

3.5 Topography

The development site is irregular in shape and exhibits a slope from north to south across
the site.

Ground levels extracted from the topographical survey indicate that there is a natural high
point 115.85mAOD at the north west cornet of the site. The lowest level within the site is
shown to be 109.9mAOD and is positioned at the south corner of the site.

The footprint of the existing school is situated on a plateau within the grounds of the school;
with the ground floor of the building is set at a level of approximately 114.060mAOD.

The ground floor level of the residential property located within the south corner of the
development is set at 110.90mAOD.

9
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3.6 Drainage

3.6.1 PublicSewer System

Details from Yorkshire Water indicate that there is a 225mm diameter public combined
sewer traversing the northern part of the existing site. The sewer is shown to be located
partially beneath the existing school building. The combined sewer connects to a 300mm
diameter combined sewer within Vernon Road, and flows are believed to be directed in a
south easterly direction towards the Worsbrough Bridge Sewage Treatment works located
approximately 2 kilometres to the south west of the development.

The sewer record plans also indicate the location of a 150mm diameter public foul sewer,
which is shown to traverse the rear gardens of No's 1-3 Dorchester Place to the immediate
south of the proposed development.

A 225mm diameter public surface water sewer is situated within the rear garden of No 8
High Ridge, and directs flow generally in a southwards direction.

Yorkshire Water requires that a 3 metre easement either side of the public sewer is to be
incorporated into the redevelopment plan. Alternatively the 225mm diameter combined
sewer may be diverted to accommodate the redevelopment plan under a Section 185
agreement with the water authority.

The sewer record plans and associated correspondence received from Yorkshire Water are
provided within Appendix C of the report.

3.6.2 On-Site Drainage

The site currently comprises a primary school and existing residential property. Details of
the existing layout indicate that the site comprised 1No single storey building, situated on a
plateau within the north central part of the site; with the residential property located within
the south portion of the site.

Roof and paved areas cover an area approximating to 0.2S Hectares, hence 35% of the total
site area.

The on-site drainage identified during the topographical survey, indicates that the existing
site is positively drained via a series of gullies and rainwater pipes.

In general the existing drainage system directs flow from the lower part of the site in a
southerly direction. It is therefore considered that foul flows from the primary school and
residential property connect into the 150mm diameter foul public sewer located adjacent to
the south boundary of the site. It is also considered that surface water flows from the roof
and paved areas in the south part of the site are is connected to the existing 225mm
diameter surface water sewer

10
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It is believed that foul and surface water flows from the area within the north part of the
site are directed to the 22Smm diameter combined public sewer which traverses through
the site.

Following completion of the redevelopment works, it is considered that both surface water
and foul flows from the site will be increased.

3.7 History of Flooding

Therefore, consideration of changes to surface water runoff; the requirement of surface
water attenuation; and incorporation of sustainable drainage techniques within the
proposed drainage strategy has been investigated further within this report.

A search on the British Hydrological Society Chronology of British Hydrological Events
website (http://www.dundee.ac.uk/geography/cbhe) indicates numerous incidents of
historical flooding within the Barnsley area. However, no records relating to flooding within
the immediate vicinity of the proposed development at Ward Green Primary School in
Worsbrough was highlighted.

Undertaking an internet based search for flooding indicated that Barnsley was seriously
affected by the floods of 2007, when homes in Darton, Hoyland, Thurnscoe, Bolton,
Grimethorpe, Wosbrough, Burton Grange and Silkstone were inundate by flood water.

Although flooding in the Worsbrough area has previously been identified, no evidence
regarding historical flooding within the immediate vicinity of the bproposed development
was found.

11
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4.0 FloodingMechanisms

Table 2: Sources of Flooding

Source/Pathway Significant? Comment/Reason

Fluvial No
Worsbrough Reservoir; River Dove;
Snape Ske

Tidal/Coastal No
canal No Dearne & Dove Canal

Pluvial (urban drainage) Yes Existing site is positively drained.
Groundwater No Minor Aquifer

Overland flow No
Elevated ground situated to the north
of the site.

Blockage No
Infrastructure failure No

Rainfall Ponding No

4.1 Worsbrough Reservoir; the Dearne & Dove Canal; and the River Dove

Worsbrough Reservoir was constructed as one of a series of header lakes to supply water to
the Dearne and Dove Canal.

The canal was opened in part in 1799 and was in full use by 1804. The Worsbrough section
of the canal was closed to traffic in 1906, with the reservoir and stream being retained as a
feeder. Whilst there is very little left of the Dearne & Dove Canal, the reservoir was retained
and is now used predominantly for leisure activities such as fishing and bird watching.

The Dearne & Dove Canal ran for almost ten miles through South Yorkshire, England from
Swinton to Barnsley. The canal also had two short branches, the Worsbrough branch and
the Elsecar branch, both about two miles long with reservoirs at the head of each. The canal
was created mainly to carry cargo from the extensive coal mining industry in the area.

After leaving Stairfoot the Worsbrough branch of the Dearne & Dove Canal passes through
Swaithe and then passes under the Penistone line. After this it ran alongside the River Dove
until reaching Worsbrough Basin.

The upper reaches of the River Dove are classified as ordinary watercourse, as it flows
through the Worsbrough area of Barnsley. The river extends eastwards through the low
Valley area, and becomes a main river to the north of Wombwell, joining the River Dearne
at Wombweliings.

The reservoir; canal and river are located approximately 1 kilometre to the south of the
porposed development; and the Environment Agency Flood Map indicates that the
development is situated outside of the flood envelope attributed to each.

12



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Report No, 10225/1/01 Revision A p 111~'f
Project Details, Flood Risk Assessment - Redevelopment of Ward Green Primary School oul 01 e
Date. March 11 AssocIOfes

As such it is considered that Worsbrough Reservoir; the Dearne & Dove Canal and the River
Dove present a low risk of flooding to the proposed residential development.

4.2 Snape Ske

Snape Ske is a minor watercourse situated 115 metres to the north east of the
development.

The watercourse is a small tributary of the River Dove, and flows in a south easterly
direction to its confluence to the south of Worsbrough Bridge.

Due to the extent of development along the route of the watercourse, it is understood that
a large proportion of Snape Ske is culverted.

The watercourse is shown to issue within the rear garden of Non Kingwell Road and
traverse a short length in a south easterly direction within private garden areas of
properties along Kingwell Road. The watercourse is then shown to be culverted beneath
existing residential property; and is considered to be riparian owned along its length.

Figure 3: Aerial Photograph Illustrating the Open Channel length of Snape Ske.

There are no records or anecdotal evidence available with regard to flooding of this
watercourse, and therefore for the purposes of the report it has been assumed that Snape
Ske presents a low flood risk to the development.

13
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4.2 SurfaceWater Runoff

4.2.1 ExistingSite

The existing site covers an area approximating 0.71 Hectares. A survey of the existing
drainage network within the site has been undertaken and provides evidence of a positive
drainage system.

Figure 4: Aerial Photograph of the Existing Site.

The survey indicates the arrangement of existing gullies and inspection chambers serving
the development. A copy of this survey is available within Appendix A of the report.

4.2.2 ProposedSite

Within the Building Regulations Approved Document H, the hierarchy for disposal of surface
water must be applied in order to demonstrate a more sustainable approach to drainage
from proposed development.

14

----- -------



I
I
I

Report No. 10225/1/01 Revision A p I I~ "f
Project Detaiis. Flood Risk Assessment - Redevelopment of Ward Green Primary School aul a.1 e
Date. March 11 Assoclales

The hierarchy identifies infiltration on site as the preferred disposal option, followed by
discharge to watercourse and then connection to a sewer.

I
Infiltration

I
I

In order to determine the suitability for the inclusion of infiltration methods within the
proposed drainage strategy for the site, a number of eVidentiary sources have been
investigated.

I
I
I
I

The first source involves the extraction of both drift and hydrogeological data for the area
containing the site, from the Centre for Ecology and Hydrology website.

The data obtained indicates that the development is located within an area exhibiting
ground conditions of mixed permeability. As such this data source is considered to be
inconclusive, and further information is required. A map illustrating this data is provided
within Figure 5 of the report.

Figure 5: Hydrogeological and Drift Deposits Map

I
I
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In order to further investigate the SUitability of infiltration drainage methods, details
pertaining to the hydrological catchment area have been obtained from the FEH CD-Rom
(Version 3).

The catchment characteristic labelled as the SPRHOSTis defined as the Standard Percentage
Runoff (%) and is dependent upon the soil classification i.e. ground conditions within the
catchment area.

The relationship between permeability and SPRHOSTis such that the value of the SPRHOST
increases with a corresponding decrease in permeability within a catchment.

The SPRHOSTat the Ward Green Primary School site is 21.1%, and as such implies that the
ground conditions are fairly permeable.

Reference is made to the Phase 1 Site Investigation undertaken by PWA Geo in December
2010 (Report reference 1022S!G/l). The report indicates that superficial drift deposits are
shown to be absent beneath the site. However, made ground is shown to be present
beneath the north of the site.

The solid geology beneath the site comprises the Pennine Middle Coal Measures formation
comprising mudstone, siltstone, coal and sandstone.

Potential contamination within the site, identified during the desk study will need to be
investigated further. Therefore owing to the risk of transferring pollutants to the underlying
minor aquifer it is concluded for the purposes of this report, that disposal of surface water
from the development via infiltration methods is unsuitable for inclusion within the
drainage strategy for the proposed development.

It is understood that PWA Geo are currently undertaking a Phase 2 Site Investigation and
therefore more information regarding the potential for infiltration will be available following
completion of this exercise.

Discharge to Watercourse

The nearest watercourse is identified to be Snape Ske, located 115 metres to the north east
of the site.

Snape Ske is shown to be a riparian owned minor watercourse, which is culverted along a
large proportion of its length.

The lowest part of the proposed development is at an elevation of 109.90mAOD, with the
area surrounding the west bank of the watercourse situated at a level between 110.0 and
115.0mAOD, as shown on the Ordnance Survey Maps for the Worsbrough area.
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Therefore in order to discharge surface water from the site to the watercourse it is likely
that a pumped solution will need to be incorporated into the drainage strategy for the
development.

There is also the added difficulties of obtaining consent from the riparian owners to
discharge surface water from the development into the watercourse; locating a route
through third part land; and due to the small nature of the channel, it is possible that any
additional flow into the watercourse is likely to have a detrimental effect on water levels
within the SnapeSke. Due to the proximity of existing residential accommodation along the
banks of the watercourse, it is possible that exacerbation of flood levels will cause flooding
of the adjacent properties.

Discharge to Public Sewer

The existing drainage survey indicates that there are existing outfalls directing both foul and
surface water runoff from the existing site to the public sewer system surrounding the Ward
Green Primary School site.

It is therefore considered that discharge of surface water flows from the proposed
development to the existing public sewer network presents the most appropriate solution
for the site.

4.2.3 Estimation of Existing Surface Water Runoff

From the topographic survey, it is estimated that roof and hard paved areas within the
existing site, which are directed towards the 22Smm diameter combined sewer (Outfall 1)
within the site covers 0.103 Hectares, representing 14.5%of the total site area.

The remaining roof and hardstanding areas, hence 0.147 Hectares, within the site are
understood to be directed to the 225mm diameter public surface water sewer (Outfall 2)
located to the south of the site.

It is noted that surface water from the site currently discharges freely to the public sewer
system surrounding the development.

In order to estimate the existing 1 in 2 year runoff rate from the development area, the
Modified Rational Method is considered to be appropriate. This method of calculation
utilised the catchment characteristics obtained from the FEH CD-ROM (Version 3.0), to
determine surface water flows to each outfall from the previously developed site. The
calculation results are tabulated overleaf and the calculation spreadsheet is in Appendix 0
of this report.

In order to meet the requirements laid out by Yorkshire Water and Barnsley MBC, all
brownfield development proposals are to provide a reduction in surface water runoff of
30%to accommodate climate change over the lifetime of the proposed development.
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Table 3: Existing Surface Water Runoff Calculations

Contributing Area Surface Water
Surface Water

Outfall Runoff Minus 30%
(Ha) Runoff (lIs)

(lis)
1 0.103 12.1 8.5
2 0.147 15.4 11.0

Total 0.250 27.5 19.5

Therefore, the allowable peak 1 in 2 year runoff rate for the development is estimated to be
a total of 19.5l/s.

From the approved development layout it is anticipated that the roof and paved areas
within the site will remain unchanged folloWing development. As such calculations have
been carried out in order to determine the requirements for on-site attenuation, prior to
discharge into the existing public sewer network.

Flows in excess of 8.51/s and 11.01/s respectively are required to be attenuated within the
site, prior to discharge.

4.2.4 Proposed Surface Water Drainage System and Attenuation Requirements

In accordance with PPS25and the requirements of the Statutory Authorities, surface water
runoff from the proposed development which is to be discharged to a local sewer network
should be restricted to the existing flow incorporating a 30% reduction to accommodate
climate change over the lifetime of the proposed development.

The proposed 1 in 2 year runoff should be maintained within the drainage system and the 1
in 30 year event should not be allowed to flood the surface; hence the water must remain
within the pipes, manholes, and storage systems.

The 1 in 100 year plus 30% climate change event is usually allowed to flood the surface but
flood water will not be permitted to enter any of the buildings within the site. In addition,
the 1 in 100 year plus climate change flood must be limited to the development boundary
and must not be allowed to migrate to adjacent properties.

The proposed residential development will involve the construction of estate roads,
footpaths and driveways to access the residential units. From the development layout it is
estimated that the impermeable area contributing flows to the existing 225mm diameter
public combined sewer is 0.249 Hectares, with 0.121 Hectares contributing flow to the
existing 225mm diameter public surface water sewer.

The combined impermeable area within the proposed development is therefore 0.37
Hectares, and equates to 52% of the total site area.
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Outfall to 22Smm Diameter Public Combined Sewer

Harron Homes have produced a development layout, which indicates that the impermeable
area which is to be discharged to the public combined sewer located within the site
folloWing development will be approximately 35% of the total site area, hence 0.249
Hectares.

It is proposed that this public sewer is diverted along the proposed line of the access road,
in order to maxi mise the developable area within the north part of the site.

Using the Wallingford Procedure, Modified Rational Method the volume to be attenuated
has been calculated for the 1 in 2 year, 30 year, 100 year and 100 year plus 30% climate
change events.

The peak discharge for all four return period events was set at 8.5l/s. Reference should be
made to Appendix E where the spreadsheets used to calculate the volumes to be stored for
each return period are provided.

The required attenuation volumes have been tabulated below.

Table 4: Indicative Volumes for Attenuation - Outfall to Combined Sewer

Return Period
Balance Volumes:

Total Development Area 1m3
)

1 in 2 year 8
1 in 30 year 48

1 in 100 year 75
1 in 100 year + 30% climate change 131

Outfall to 22Smm Diameter Public Surface Water Sewer

The proposed residential development will involve the construction of estate roads,
footpaths and driveways to access the residential units, the total impermeable area within
the site will be increased.

The development layout indicates that the impermeable area within the site, which is to be
discharged via an existing outfall to the public surface water located to the south of the site,
following development will be approximately 17% of the total site area, hence 0.121
Hectares.

Using the Wallingford Procedure, Modified Rational Method the volume to be attenuated
has been calculated for the 1 in 2 year, 30 year, 100 year and 100 year plus 30% climate
change events.
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The peak discharge for all four return period events was set at the 111/s. Reference should
be made to Appendix Ewhere the spreadsheets used to calculate the volumes to be stored
for each return period are provided.

The required attenuation volumes have been tabulated below.

Table 5: Indicative Volumes for Attenuation - Outfall to Surface Water Sewer

Return Period
Balance Volumes:

Total Development Area 1m3
)

1 in 2 year 0
1 in 30 year 15

1 in 100 year 25
1 in 100 year + 30% climate change 36

It is normal practice to ensure that the 1 in 30 year event is maintained below the ground in
the form of storage. Flows in excess of this are usually permitted to flood the surface as long
as it can be demonstrated that there is no flooding to buildings.

Any flood volume must not be allowed to migrate to adjacent property, hence contained
within the site boundary I.e. within the car park areas and access roads throughout the
proposed development area.

It is highlighted that the volume balance requirements should be established to a greater
accuracy during the detailed design stage to reflect the actual development proposal, the
extent of impermeable areas and associated runoff generated. Preliminary calculations have
made no allowance for any additional storage available in the storm water sewer network &
manholes, hence providing a 'worst case' scenario.

4.3 Domestic FoulFlows

It is proposed that foul flows from the new development are discharged to the existing
150mm diameter public foul sewer situated to the south of the proposed development, in
line with the recommendations prOVided by Yorkshire Water.

4.3 Groundwater

The Phase 1 Site Investigation report undertaken by PWA Geo identified potential soil and
groundwater contamination associated with the historical use of the site and the
surrounding area. No information has been provided to indicate whether or not remedial
works have been carried out on site.

It is understood that a more intrusive site investigation is being carried out, and as such
further information with regard to groundwater issues at the Ward Green development will
be available following this exercise.
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However there Is no historical evidence to suggest that groundwater flooding has been an
issue within the Worsbrough area of Barnsley, and therefore it is concluded that
groundwater presents a low flood risk to the proposed development.
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5.0 Material Consideration In Respect of PPS25

5.1 ClimaticChange

Annex A of PP525suggests that winters will become wetter over the whole of the UK, by as
much as 20% by the year 2050. In making an assessment of the impact of climatic change,
flooding from rivers and land will give a peak flow allowance of up to 20% increase in rainfall
for a given return period by 2050 and 30% by 2110. These considerations will provide an
appropriate precautionary assessment for climatic change impact on flood flows and rainfall
intensities.

5.2 Environment AgencyFloodMaps

The areas surrounding the site comprise existing development and therefore in terms of
climatic change, only rainfall falling within the site will be considered.

The latest identified figures in Annex B of PP525identifies that increases in rainfall of around
30% are anticipated for developments extending beyond the year 2050. It will be necessary,
therefore, to make allowance for this increased rainfall in any positive drainage system
assumed on the site.

The Environment Agency flood zone map indicates that the site lies within Flood Zone I, of
the Environment Agency Flood Map (version 2.8.2), being the zone with risk of less than 1in
1,000 year «0.1% AEP)for river flooding or tidal/coastal flooding.

An extract of the Environment Agency flood map at the development site is provided in
Figure 6 overleaf.
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Figure 6: Environment Agency Flood Map
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5.3 Proposed Finished Floor Levels

The proposed development located within the Worsbrough area, to the south of Barnsley.

The site is situated within Flood Zone 1 of the Environment Agency Map and as such it is
considered that land raising will not be required as a direct result of flood risk.

Due to the possibility of localised flooding caused by heavy rainfall, it is also recommended
that the internal ground floor level is elevated a minimum of lS0mm above the adjacent
external finished ground levels.

5.4 Emergency Access and Egress during TImes of Flood

It is a requirement under Planning Policy Statement PPS2Sthat occupants should be able to
gain access or egress to any building during times of flood, without being trapped by flood
conditions.

The development is shown to lie completely within Flood Zone 1. As such, it is considered
that safe access and egress from the site will be possible at all times.
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5.5 Surface Water

It is a requirement of any new development to ensure that surface water run-off from any
has a negligible consequence on downstream areas as a result of sewer capacity; discharge
to watercourse; or groundwater recharge via infiltration methods.

It is proposed that the drainage strategy for the development will incorporate a number of
different methods in order to reduce the volume of surface water leaving the site. The
suitability of such methods is investigated further in Section 5.6 below.

5.6 Sustainable Urban Drainage (SUDS)

The impermeable area within the site is shown to be increased following development. The
existing site is developed and is drained via a positive system to 2No outfalls into the public
sewer system. One outfall directs flow to the 225mm diameter combined public sewer
which traverses the site, with the second outfall allowing discharge to an existing 225mm
diameter surface water sewer located adjacent to the south boundary of the site.

Surface water outflow from the existing development to the existing combined sewer is
estimated to be 12.1I/s. Incorporating a 30% reduction to existing surface water flows in
accordance with the requirements of Yorkshire Water and Barnsley MBC, surface water
discharge from the new development to this outfall should be restricted to a maximum of
8.5I/s.

In addition surface water flows discharging to the existing surface water sewer should be
restricted to a maximum discharge rate of l1.5l/s.

Flows generated by the proposed development, which are in excess of the estimated
discharge rates should be attenuated within the site.

To reduce the impact of surface water runoff from the development in accordance with the
requirements of PPS25; Yorkshire Water and Barnsley MBC, the employment of SUDS
techniques to limit runoff volumes and rates from the site are recommended. SUDS
techniques can also be used to provide an appropriate level of treatment to the runoff.
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It is normal practice to ensure that the 1 in 30 year event is maintained within the drainage
system and the 1 in 100 year is permitted to flood the surface as long as there is no flooding
to buildings and the flood volume is contained within the site boundary in specific areas
proposed for this purpose.

The following section provides an indication of the possible SUDStechniques which could be
employed on the site to balance flows within the proposed development. SUDStechniques
are also able to provide treatment to the runoff to remove a proportion of the pollution and
protect the quality of the downstream watercourses. Following gUidance from CIRIA Report
C522 the following levels of treatment will be provided:

• Roofs - 1level
• Driveways - 1level
• Roadsand communal parking areas - 2 levels.

The level of treatment indicates the number of SUDStechniques that will be used to treat
pollution. For example if two levels are required the runoff may enter a filter drain that
leads to a basin or pond before outfall.

Yorkshire Water and Barnsley MBC recommend the use of source control techniques within
the drainage strategy for any development. In practice there will be little outflow from these
techniques for a 1in 2 year storm as most of the rainfall will be held within the system and
will disperse via evapotranspiration. Further detail of the potential to use SUDSwithin this
site it provided within Table 6. The precise combination of methods used will be dependent
upon the site constraints identified at the final design stage.

A Phase 1Site Investigation has been undertaken by PWA Geo. The underlying geology
within the site has been identified as:

o Made ground across the site associated with school and former farm buildings.
o Geological plans indicate that superficial drift deposits are absent beneath the site.
o Solid geology beneath the site comprises Pennine Middle Coal Measures, comprising

mudstone, siltstone, coal and sandstone.

Whilst the presence of sandstone may imply that the site is suitable for infiltration, the
presence of mudstone provides the opposite result, due to its impervious nature. The extent
and distribution of sandstone and mudstone within the site is currently unknown.

The preliminary risk assessment also identified potential soil and groundwater
contamination associated with the historical use of the site and the surrounding area.

Until further site investigation works are completed, it has therefore been assumed that
disposing of surface water via infiltration methods is unsuitable for inclusion within the
proposed drainage strategy.
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Utilising a suitability matrix derived from CtRIA Report C697 (see Appendix G) it is indicated
that

Table 6: SUDSTechniques and Suitability of Use

Method Description Potential for use at site
FILTRATION: Drainage trench filled with Unsuitable in terms of the SUDS
Filter drains & trenches gravel and provided with a matrix (Appendix G), due to the

perforated pipe. topographical characteristics if
the development. The average
gradient of the site is considered
to be in excess of 5%. Therefore
this method has not been
included within the drainage
strategy.

OPENCHANNEL: Shallow grass ditch Due to the lack of available space
Swales and topographical characteristics

of the site, conveyance swales
have not been utilised within the
proposed drainage strategy.

SOURCECONTROL: Pavement surfaces that May be considered suitable for
Permeable surfaces allow water to pass through use within car park and hard

into underlying storage in paved areas within the
sub base e.g. permeable development, in order to reduce
concrete block paving or the volume needed for on-line
porous asphalt attenuation. However, Yorkshire

Water has advised that shallow
storage such as Hydro-
International's Stormcell
arrangement within the
adoptable drainage system is
unacceptable.

DETENTION/RETENTION Open areas that are used to A pocket wetland appears to be
AND WETLAND: store and treat rainwater. suited to the site conditions
Ponds and basins Ponds are permanent within the development,

bodies of water and basins however the current
are generally dry and development proposals do not
occasionally store water provide enough space for such a

structure and owing to public
safety concerns associated with
open water; accompanied with a
lack of open space within the site
this method of attenuation is
considered unsuitable for this
development.
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SOURCE CONTROL: Roof system that is Suitable in terms of the matrix
Green roofs vegetated with plants (note (Appendix G); however, owing to

sedum plants rather than the limited area per roof and the
grass so no mowing is maintenance issues involved, this
required) method is considered more

suited to buildings with larger
roof areas, such as educational
establishments and commercial
bUildings.

INFILTRATION: Methods that allow Current information obtained
Infiltration devices rainwater to soak into the from the Phase 1 site

ground, e.g. soakaways investigation for the site
indicates that the development
may have some contamination
issues. Therefore until further
investigation works are
undertaken, it has been taken
that ground conditions within the
site are not suited for soakaways.

RETENTION: Underground tanks that Online attenuation in the form of
Storage tanks temporarily store water in oversized sewer sections, is

the drainage system considered to be the most
suitable method for inclusion
within the proposed drainage
strategy.
Similarly shallow storage may be
considered suitable for the
attenuation of small surface
water volumes.
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6.0 Conclusions and Recommendations

6.1 The development known as Ward Green Primary School, in the Worsbrough area of
Barnsley is located within Flood Zone 1 of the Environment Agency's Flood Map.

6.2 Surface water runoff has been identified as the primary flood risk to the
development area.

6.3 Proposal for the development incorporates the construction of 19No residential
properties.

6.4 Following development the impermeable area within the site will be increased from
0.2S Hectares to 0.37 Hectares and hence the volume of surface water emanating
from the site will be increased as a result of the development.

6.5 Details obtained from the Phase 1 Site Investigation report, has revealed that the
ground conditions within the development are likely to discount the suitability for
the use of infiltration methods within the proposed drainage strategy for the
development.

6.6 Owing to the difficulties arising from the discharge of surface water from the
development to Snape Ske, as outlined within the report, it is considered that this is
not a viable solution for disposal of surface water from the proposed development.

6.7 Yorkshire Water and Barnsley MBC requires that allowable surface water discharge
rates from development proposals on Brownfield sites, are to be restricted to
existing rates with an additional 30% reduction to accommodate climate change over
the lifetime of the developmement.

6.8 The existing site is positively drained with surface water being discharged to 2No
outfalls; a combined sewer within the site; and surface water sewer adjacent to the
south boundary of the development.

6.9 It is calculated that discharge to the surface water sewer should be restricted to a
maximum rate of 111/s; with a maximum of 8.5l/s allowed to discharge to the
existing combined sewer.

6.10 The existing 22Smm diameter public combined sewer which is known to traverse the
site will be diverted along the route of the proposed access road, in order to
maximise the developable area within the north portion of the site.

6.11 It is estimated that the volume of attenuation required for the 1 in 30 year event for
the area of development discharging to the surface water sewer site is
approximately 15m3

•
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6.12 The volume of attenuation required for the development area discharging surface
water to the combined sewer during the 1 in 30 year event is estimated to be 48m3.

6.13 The drainage strategy involves the conveyance of surface water runoff via a piped
network to an oversized pipe situated within the estate road. This will then discharge
into the 225mm diameter combined sewer within the site boundary.

6.14 It is proposed that surface water from the residential plots located within the south
part of the site, will discharge via an existing connection to the existing 225 mm
diameter surface water sewer. Attenuation is to be provided by shallow geocellular
storage units such as Hydro-International's Stormcell.

6.15 It is proposed that surface water discharge rates from both the oversized pipes and
5tormcell storage units will be controlled using an orifice plate; hydrobrake or similar
arrangement.
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APPENDIX A

EXISTING SITE
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APPENDIX B

PROPOSED DEVELOPMENT
PLANS
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YORKSHIRE WATER CORRESPONDENCE
& SEWER RECORDS
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Western House
Halifax Road
PO Box SOD

Bradford
BOa 2SZ
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Tel: 0845 120 8482
Fex: (01274) 372 834

For the attoollon of Mr K lerums Emall:
Planning.SewerBge@yorkshlrewater.co.uk

For telephone enquiries ring:
Your Ref:
Our Ref: loo5635 Kashif Khan on (0845)1208482

25th August 2010

Dear Sir,

".glst.red Offke Yotk~. W.M~SftW:n Umittd Wtsttl'1l11oysf HMUx Ro.Jd BroJeHord906 2Sl
~ertd ...lnvYnd and Wale1 No.2366681 pkshirf'HiMH cOl'ri

I
I

Ward Green. Woraborough • Pre-Planning Sewerage Enquiry - Residential

Thank you for your enquiry received f3th August 2010. Our charge of £.60.00 (plus VAT) will be
added to your account with us, reference HAH044. You will receive an Invoice for your account In due
course.

Please find enclosed a complimentary extract from tha Statutory Sewer Map. This Indicates the
recorded position 01the public sewers. The following comments refiect our view, with regard to the
public sewer network only, based on a 'desk top' study of the site:

I
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I
I
I
I
I
I
I
I

There Is a 225 mm diameter public combined sewer recorded crossing the sileo No buildings are to be
erectad within 3 (three) metres, nor trees planted within 5 (live) metres of this public sewer. It may not
be acceptabla to raise or lower ground levels over the sewer, nor to rastrlct access to the manholes on
the sewer. If you wish to have this sewer diverted under Section 18501 the Water Industry Act 1991
an appllcallon should be made in wrfllng. To discuss this matter, please telephone 0845 120 84 82.

Development of the sile should take place with separate systems for foul and surlace water drainage.
The separete system should extend to the publIc sewer.-Foul water should discharge l!lthe 150 mm diameter public foul sewer recorded to the south of the
site, at a point adjacent to the sileo yO!' may re-ulilise the exlsllng connection.

The develope(s attention Is drawn to Requirement H3 of the Buliding RegulatIons 2000. This
establishes a preferred hierarchy lor surface water disposal. Conslderallon should firslly be given to
discharge to soakaway, Infiltration system and watercourse In that priority order.

Sustainable Drainage Systems (SUDS), for example the use of soakaways and/or parmeable
hard standing elc., may be e suitable solullon for surface water disposal appropriate In this sltuallon.
You are advised to seek comments on the suitability of SUDS In this Instance from the appropriate
authorities.

Where approprlete, soakaways, swales and Infiltration trenches (SUDS) may be adopted as part 01the
public sewer network. For general condlllons for the adoption of SUDS please see the attached sheel
Further Informallon may be seen In the DEFRA publication 'Interim Code of Practice for Sustainable
Drainage Systems' (ISBN 0-86017-904-4). If the developer is considering adoption of SUDS they
should contact our Developer Services Team on 0845 1208482.

mailto:Planning.SewerBge@yorkshlrewater.co.uk
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I The local public sewer nelwork does nol have capacity to accepl any addJtlonal discharge 01 sur/ace

waler from the proposal site. The developer is advised to contect the Envlronmenl Agencynocalland
Drainage Authority with a view to establishing e suitable watercourse (if any nearby) for discharge.

Alternatively, curtilage surface water discharges 10 the public sewer will be raslrlcled \0 the level of
run-ofl· i.e. same rale of discharge - io thellrom the existing use of the site. To malnlaln the "status
quo" In Ihe public sewer network, any discharge of surface water from the site should taka place with
similar rates 01 flow and/or measured areas discharging to similar points of connecdon \0 thai of the
existing use of the site. You will need 10 demonstrate positive drainage 10 the public sewer to
Yorkshire Water by means of investlgetlon and calculation carried out at your expense. Discharges to
the public sewer must take Into account e 30% reduction in existing discharge and climate change.

To do this, Yorkshira Water requires to saa existing and proposad dralnaga layouts with plpa sizes,
gradients and connection points, measured Impermeable areas of the present and proposed use of the
site, along wilh the calculations that show the existing and proposed discharge rate from the site to
the public sewer.
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I
I Please note further restrictions on surface water disposal from the site may be Imposed by other

parties. You are strongly advised to seek advice/comments from the Environment Agency/land
Drainage Authorltyllnternal Drainage Board, with regard to surface water disposal from the site.

Prospectively adoptable sewers and pumping stations must be designed and construcled In
accordance wilh the WRc publication "Sewers for Adoption - a design and construction guide for
developers" 6th Edition as supplemented by Yorkshire Water's requirements, pursuant to an
agreement under Section 104 of the Water Industry Act 1991. An application to enter into a Section
104 agreement must be made In writing prior to any works commencing on site. Please contact our
Developer Services Team (telephone 0845120 84 82) for further Information.

The public sewer network Is for domestic sewage purposes. This ganerally means foul waler for
domestic purposes and, where a suitable surface water or combined sewer Is available, surfaca water
from the roofs of bUildings logether with surface water from paved areas of land appurtenant to those
bulldlnga. land and highway drainage have no right of connection 10 the public sewer nalwork.
Highway drelnage, however, may be accepled under certain circumstances; for Instance, If SUDS are
not a viable option and there Is no highway drain available and If capacity is available within the public
sewer nelwork. In this event, the developer will be required to enter into a formal agreement with
Yorkshire Waler Services under Section 115 Waler Industry Act 1991 \0 discharge non-domestlc lIows
Into the public sewer network.
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I
I

No lend drainage to be connected/discharged to public sewer.

Any new connection 10 an existing public sewer will reqUire Ihe approval of Yorkshire Water. You may
obtain an application form from our website (www.yorkshlrewater.com) or by telephoning 0845 120 84
82. . -I

I
I

Alltha above comments are based upon the Informalion and records available al the present lime.
The Information contained In this leiter together with that shown on any extract from the Slatulory
Sewer Map that may be enclosed Is believed 10 be correct and is supplied in good faith. Please note
Ihal capacity In the public sewer network Is not reserved for specific fulure development. It is used up
on a 'first come, first served' basis. You should visit the site and establish Ihe line and level of eny
pUblic sewers affecting your proposals before Ihe commencement of any design work.I
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APPENDIX D

MODIFIED RATIONAL METHOD:
EXISTING SURFACE WATER RUNOFF
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Modified Rational Method

Length (m) 21

Area (ha) 0.103
Max Height 114.0
Mln Height 112.5
Del1aH 1.5
Slope (%) 7.14
Te (mlna) 6.51
ARF _O.l!9!l_
SAAR 673.000
UCWI 67
PIMP 100.0
SOIL 0.21
Percentage Runoff PR 72.68
DEEPSTOR 0.28

Cv 1.."0.7267.6
Cr I 1.3

m

Ha
mAOD
mAOD

mins

mm
mm
%

;";;;__ ;",;;,;..... ,;,,,,;;;= ... --I~ 12.1 IVSIpeak 1 in 2 yr n.mofI

Return PerIod flood 2 years ~ r;:1", I
PoatDevelopmenl Rainfall 2 ~years

R8bnIt ~ ..., Allhar.ll .mr:t:w:e. ~,
~OW~) II> FloW...DuratIon DUmIon !<,DeplIl Deplh I~~

(hoon) >'(__ ) 's (mm) . (mm) . .(rnrtIIIw)!~. . ;,; J~)
0.11 0.005 4.9 4.6 44.5 12.1 117.0
0.25 0.010 6.76 6.4 27.0 7.3 71.0
0.50 0.021 6.63 8.3 17.7 4.8 46.4
0.75 0.031 10.31 9.7 13.7 3.7 36.1
1.00 0.042 11.5 10.9 11.5 3.1 30.2
1.25 0.052 12.51 11.8 10.0 2.7 26.3
1.50 0.063 13.41 12.7 8.9 2.4 23.5
1.75 0.073 14.21 13.4 8.1 2.2 21.3
2.00 0.063 14.94 14.1 7.5 2.0 19.6
2.25 0.094 15.62 14.8 6.9 1.9 18.2
2.50 0.104 16.25 15.4 6.5 1.8 17.1
2.75 0.115 16.84 15.9 6.1 1.7 16.1
3.00 0.125 17.4 16.4 5.8 1.6 15.2

I



---------------------
Modified Rational Method Return Period

Post Development
ftood

RIllnfall
2
2

years
years

~. - .." 2~iVJG

Length (m) 37

Area (ha) 0.147 H
Max Height 111.0
Mln Height 109.1
DeltlH 1.9
Slope ("!o) 5.09
Te (mins) 7.70
ARF 0.998
SAAR 673.000
UCWI 67
PIMP 100.0
SOIL 0.21
Percentage Runoff PR 72.68
OEEPSTOR 0.33

Cv L 0.1267,6"'1
Cr I 1.3

m Rais.,. RIlii.,..· ~ EJJeclIw RIlii.,.. " FLOW
DumIon DlnIIon ~: Deplh ." . FLOW(IIa).......,

(IIsN)
(houra) (~) (mm) (mm) (mm'hr) ~ ~

0.13 0.005 5.2 4.9 40.0 15.4 105.1
0.25 o.oto 6.76 6.4 27.0 10.4 71.0
0.50 0.021 8.63 8.3 17.7 6.8 46.4
0.75 0.031 10.31 9.7 13.7 5.3 36.1
1.00 0.042 11.5 10.9 11.5 4.4 30.2
1.25 0.052 12.51 11.8 10.0 3.9 26.3
1.50 0.063 13.41 12.7 8.9 3.5 23.5
1.75 0.073 14.21 13.4 8.1 3.1 21.3
2.00 0.063 14.94 14.1 7.5 2.9 19.6
2.25 0.094 15.62 14.8 6.9 2.7 18.2
2.50 0.104 16.25 15.4 6.5 2.5 17.1
2.75 0.115 16.84 15.9 6.1 2.4 16.1
3.00 0.125 17.4 16.4 5.8 2.2 15.2

a
mAOO
mAOO

mins

mm
mm
%

IPeak 1 In 2 yr runoff ~ 15.4 Ivs I
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APPENDIX E

MODIFIED RATIONAL METHOD:
INDICATIVE ATTENUATION VOLUMES
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SUDS SUITABIUTY MATRIX ADAPTED FROM CIRIA REPORT C697 'THE MANUAL FOR SUDS'
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Report No. 10225/1101 Revision A p III~·
Project Details. Flood Risk Assessment- Redevelopment of Ward Green Primary School aul alte
Date. March 11 Assoclales
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PROPOSED DRAINAGE STRATEGY
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Accommodation
Type Name

Bamburgh
Lydford
Tiverton
Canterbury
Salcombe
Porlchesler
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Description Area Total

3 bed 900ft2 3no
4 bed 1220 lno
4 bed 1206 2nD
4 bed 1377 5no
4 bed 1530 5no
4/5bed 1579 3no

19no
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Type Name
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PaulWaileAssociates
SummitHouse PWTS9-/8TO
RiparianWay OUTFAlL I
Kei Ie BD207BW lVERTED 225COMB
Date23DECEMBER 2010 DesignedBy DM
FileOUTFAlL ISTORAGE.SRC CheckedB
lnfrasoft So= ControlW.11.4

SummaryofResultsfor30year ReturnPeriod(+30%)

Storm lIaxill\Wllllaximum llaximum llaximum IlaxiIlllDll
DIlration Control ou.tflow Water Level Depth VolUJll8 Statua

(mins) (lis) (l(s) (m OD) (m) (m> )

15 Summer 7.8 7.8 110.8392 0.4392 35.9 o K
30 Summer 7.9 7.9 110.9212 0.5212 44.2 o K
60 Sununer 8.1 8.1 110.9638 0.5637 48.4 OK

120 Summer 8.1 8.1 110.9642 0.5642 48.5 o K
180 Summer 8.0 8.0 110.9408 0.5407 46.1 OK
240 Sununer 7.9 7.9 110.9112 0.5112 43.1 o K
360 Summer 7.8 7.8 110.8503 0.4502 37.0 OK
480 Summer 7.8 7.8 110.7933 0.3932 31.3 o K
600 Summer 7.8 7.8 110.7412 0.3412 26.1 OK
720 Sununer 7.7 7.7 110.6982 0.2982 21.7 o K
960 Sununer 7.5 7.5 110.6353 0.2352 15.4 o K

1440 Summer 6.5 6.5 110.5742 0.1742 9.3 o K
2160 Summer 5.2 5.2 110.5308 0.1308 5.2 o K
2880 Summer 4.3 4.3 110.5033 0.1033 3.3 OK
4320 Summer 3.2 3.2 110.4762 0.0763 1.8 OK
5760 Summer 2.6 2.6 110.4613 0.0613 1.2 o K
7200 Summer 2.2 2.2 110.4518 0.0517 0.8 o K
8640 Swnmer 1.9 1.9 110.4447 0.0447 0.6 OK

10080 Summer 1.7 1.7 110.4398 0.03.97 0.5 o K
15 Winter 7.8 7.8 110.8882 0.4882 40.9 o K
30 Winter 8.2 8.2 110.9857 0.5857 50.7 OK
60 Winter 8.5 8.5 111.0468 0.6468 56.1 o K

120 Winter 8.4 8.4 111.0408 0.6408 55.7 o K
180 Winter 8.2 8.2 110.9987 0.5988 52.0 OK

Storm Rain 7ims-l'eakDuration (lI1IIIJhr) (mins)(mins)
15 Summer 90.09 17
30 sununer 59.78 31
60 Summer 38.01 52

120 Summer 23.47 86
180 Summer 17.50 120
240 Summer 14.15 156
360 Summer 10.45 222
480 Summer 8.43 286
600 Summer 7.13 346
720 Summer 6.21 404
960 Summer 5.00 520

1440 Summer 3.67 750
2160 Sununer 2.70 1104
2880 Sununer 2.16 1468
4320 Summer 1.58 2196
5760 summer 1.27 2888
7200 Summer 1.07 3616
8640 Summer 0.93 4296

10080 Summer 0.82 5032
15 Winter 90.09 17
30 Winter 59.78 31
60 Winter 38.01 58

120 Winter 23.47 92
180 Winter 17.50 130

© 1982-2009MicroDrain.e
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PaulWaite Associates P""" 2
Summit House PLOTS 9·18 TO -:.,~.;.,w> :li'~~.:f~:'::{:>i.~f\1J_.~ .RiparianWay OUTFALL 1
KeiRhley BD20 7B W (DIVERTED 225 COMB) V lllc;)~i~~~

~ ··,>;~(';•.':.,:r?i,,)'r,~1!~.. ' '~. _.:.j;,~!"ii\1
Date 23 DECEMBER 2010 Designed By DM O,h I';t: U U 0 If: to (oJ6FileOUTFALL I STORAGE.SRC Checked By
Infrasoft SourceControlW.II.4

Summary ofResullsfor30 yearReturnPeriod(+309b)

StOZ1l\ Maximum lIaximum Maximum lI&ximum llaximum
Duration Control Outflow Water Level llepth Volume Status

(mins) (lIs) (lIs) 1m 0») 1m) (m' )

240 Winter 8.0 8.0 110.9522 0.5522 47.3 o K
360 Winter 7.8 7.8 110.8567 0.4567 37.7 OK
480 Winter 7.8 7.8 110.7682 0.3682 28.8 OK
600 Winter 7.7 7.7 110.6947 0.2947 21.4 o K
720 Winter 7.5 7.5 110.6407 0.2407 16.0 OK
960 Winter 6.8 6.8 110.5833 0.1832 10.2 o K

1440 Winter 5.3 5.3 110.5328 0.1328 5.4 OK
2160 Winter 3.9 3.9 110.4933 0.0933 2.7 o K
2880 Winter 3.2 3.2 110.4753 0.0753 1.8 OK
4320 Winter 2.3 2.3 110.4553 0.0552 1.0 o K
5760 Winter 1.9 1.9 110.4443 0.0442 0.6 o K
7200 Winter 1.6 1.6 110.4372 0.0372 0.5 o K
8640 Winter 1.4 1.4 110.4323 0.0322 0.3 o K

10080 Winter 1.2 1.2 110.4287 0.0287 0.3 o K

Storm Rain i~-p ..akDuration (mm/hr) (mins)
(mins)

240 Winter 14.15 168
360 Winter 10.45 238
480 Winter 8.43 302
600 Winter 7.13 360
720 Winter 6.21 414
960 Winter 5.00 520

1440 Winter 3.67 752
2160 Winter 2.70 1100
2880 Winter 2.16 1468
4320 Winter 1. 58 2200
5760 Winter 1.27 2928
7200 Winter 1.07 3648
8640 Winter 0.93 4288

10080 Winter 0.82 5064

101982·2009 Micro Draina.e
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Paul Waite Associates Page 3
Summit House
Riparian Way
Kei~ley BD207BW
Date 23 DECEMBER 2010
File OUTFALL I STORAGE.SRC

PLOTS 9-18 TO
OUTFALL I
(DIVERTED 225 COMB)
Designed By DM
Checked By

lnfrasofl Source Control W.II.4

Rainfall Details

Region ENG+WAL Shortest Storm (mins) 15
Return Period (years) 30 Longest Storm (mins) 10080
MS-60 (mm) 19.000 Summer Storms Yes
Ratio-R 0.357 Winter Storms Yes
Cv (Summer) 0.750 Climate Change % +30
cv (Winter) 0.840

Time I Area Diagram

Total Area (ha) = 0.249

Time
fr,m"

(min.)
tOI

Area
(ha)

4 0.249o

© 1982-2009 Micro Drainaae
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Paul Waile Associates PaRC4
Summit House PLOTS 9-18 TO

.~ ... ,...Riparian Way OUTFALL I o '~";')'l.:rB\ '",',
Keiohlev BD207BW (DIVERTED 225 COMB) rDj:;'b~!~~~C~mDate 23 DECEMBER 2010 Designed By DM
File OUTFALL I STORAGE.SRC Checked By
Infrasoft Source Control W.ll.4

Box Culvert Details

Height (m) 0.600 width (m) 1.200 Invert Level (m) 110.400
Length (m) 83.000 Slope (l:x) 500.0 Cover Level (m) 111.200

Hydro-Brake Outnow Control

Design Head (m) 0.650 Diameter (rom) 131
Design Flow (115) 8.5 Invert Level (m) 110.400
Hydro-Brake Type MD5

Depth Flow Depth Flow Depth Flow Depth Flow Depth Flow
(m) (lIs) (m) (lis) (m) (lis) (m) (lis) (m) (lis)

0.10 4.2 0.80 9.3 2.00 14.6 4.00 20.6 7.00 27.2
0.20 7.3 1. 00 10.3 2.20 15.3 4.50 21. 8 7.50 28.2
0.30 7.8 1. 20 11. 3 2.40 16.0 5.00 23.0 8.00 29.1
0.40 7.7 1.40 12.2 2.60 16.6 5.50 24.1 8.50 30.0
0.50 7.8 1. 60 13.0 3.00 17 .8 6.00 25.2 9.00 30.9
0.60 8.2 1. 80 13 .8 3.50 19.3 6.50 26.2 9.50 31. 7

©1982-2009.Micro Draina~e

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I,
I
I
I
I
I
I
I
I

I,
I
I
I

I
I

Paul Waite Associates

Designed By DM
CheckedB

Summit House
Riparian Way
Kei Ie BOlO 7BW

Pwrs 1-8TO
OUTFAll. 2

X 225 SW SEWER
Dale 23 DECEMBER 2010
File
(nfrasofl Source Control W.lI.4

Summary of Results for 30 year Return Period (+30%)

Half Drain Time 21 minutes
StO:nD. lIaxilllWD lIaxilllWD lIaxiIIIWD lIaxiIIIWD llaxiIIIWD llaxiIIIWD

Duration Control Filtration OUtflow Water Level Depth Vo11l1llflStatuB
(minB) (lis) (liB) (lis) (m OD) (m) 1m' )

15 Swnrner 9.6 0.0 9.6 109.3942 0.3942 15.5 o K
30 Summer 10.3 0.0 10.3 109.4537 0.4537 17.8 o K
60 Swnrner 10.5 0.0 10.5 109.4687 0.4687 18.4 o K

120 Summer 10.0 0.0 10.0 109.4232 0.4232 16.6 o K
180 Summer 9.2 0.0 9.2 109.3697 0.3697 14.5 o K
240 Summer 8.6 0.0 8.6 109.3242 0.3242 12.7 o K
360 Summer 7.5 0.0 7.5 109.2568 0.2567 10.1 o K
480 Summer 6.6 0.0 6.6 109.2117 0.2117 8.3 o K
600 Summer 6.0 0.0 6.0 109.1803 0.1802 7.1 OK
720 Summer 5.5 0.0 5.5 109.1578 0.1578 6.2 OK
960 Summer 4.7 0.0 4.7 109.1288 0.1288 5.0 o K

1440 Summer 3.6 0.0 3.6 109.1048 0.1048 4.1 OK
2160 Summer 2.7 0.0 2.7 109.0868 0.0868 3.4 o K
2880 Summer 2.1 0.0 2.1 109.0758 0.0757 3.0 o K
4320 Summer 1.6 0.0 1.6 109.0618 0.0617 2.4 o K
5760 Summer 1.3 0.0 1.3 109.0533 0.0532 2.1 o K
7200 Summer 1.1 0.0 1.1 109.0488 0.0487 1.9. o K
8640 Summer 0.9 0.0 0.9 109.0458 0.0457 1.8 o K

10080 Summer 0.8 0.0 0.8 109.0437 0.0437 1.7 OK
15 Winter 10.2 0.0 10.2 109.4457 0.4457 17.5 o K
30 Winter 11.0 0.0 ·11.0 109.5067 0.5067 19.9 o K
60 Winter 11. 0 0.0 11.0 109.5062 0.5062 19.9 o K

120 Winter 10.0 0.0 10.0 109.4267 0.4267 16.7 o K

Stozm. Rain 'l'ims-PeakDuration
(Iml/hr) (minB)(mins)

15 Summer 90.09 15
30 Summer 59,78 23
60 Summer 38.01 40

120 Summer 23.47 74
180 Summer 17.50 106
240 Summer 14 .15 136
360 Summer 10.45 198
480 Summer 8.43 256
600 Sununer 7.13 316
720 Summer 6.21 376
960 Summer 5.00 492

1440 Summer 3.67 736
2160 Summer 2.70 1100
2880 Summer 2.16 1468
4320 Summer 1. 58 2200
5760 Summer 1.27 2896
7200 Summer 1. 07 3584
8640 Summer 0.93 4344

10080 Summer 0.82 5120
15 Winter 90.09 15
30 Winter 59.78 25
60 Winter 38.01 44

120 Winter 23.47 78

@1982-2009MicroDrain. e
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PaulWaiteAssociates
Summit House
RiparianWay
Kei Ie BD207BW

PLOTS I-STO
OUTFALL 2

225 SW SEWER
Dale23 DECEMBER 2010
File

DesisnedBy OM
Checked B

Infrasofl SourceControlW. I1.4

Summary ofResultsfor30 yearReturnPeriod(+30%)

Storm Maximum lIaximum Maximum lIaximum Maximum llaximum
Duration Control Filtration Outflow Water Level Depth Volume StatuB

(mins) (lIs) (lIs) (lIs) (Ill OD) (Ill) (Ill' )

180 Winter 8,9 0.0 8.9 109.3503 0.3502 13.7 0 K
240 Winter 8.0 0.0 8.0 109.2902 0.2902 11.4 0 K
360 Winter 6.6 0.0 6.6 109.2117 0.2117 8.3 0 K
480 Winter 5.6 0.0 5.6 109.1653 0.1652 6.5 0 K
600 Winter 4.9 0.0 4.9 109.1363 0.1363 5.3 0 K
720 Winter 4.4 0.0 4.4 109.1208 0.1208 4.7 0 K
960 Winter 3.5 0.0 3.5 109.1042 0.1043 4.1 0 K

1440 Winter 2.6 0.0 2.6 109.0858 0.0858 3.4 0 K
2160 Winter 1.9 0.0 1.9 109.0717 0.0718 2.8 0 K
2880 Winter 1.5 0.0 1.5 109.0612 0.0612 2.4 o K
4320 Winter 1.1 0.0 1.1 109.0502 0.0502 2.0 OK
5760 Winter 0.9 0.0 0.9 109.0452 0.0452 1.8 o K
7200 Winter 0.8 0.0 0.8 109.0423 0.0422 1.7 o K
8640 Winter 0.7 0.0 0.7 109.0397 0.0397 1.6 o K

10080 Winter 0.6 0.0 0.6 109.0372 0.0372 1.5 OK

Storm Rain TiIlIs-llsal<Duration
(llII1l/hr) (minB)(minB)

180 Winter 17.50 110
240 Winter 14.15 142
360 Winter 10.45 202
480 Winter 8.43 260
600 Winter 7.13 318
720 Winter 6.21 374
960 Winter 5.00 492

1440 Winter 3.67 736
2160 Winter 2.70 1092
2880 Winter 2_16 1468
4320 Winter 1. 58 2168
5760 Winter 1.27 2936
7200 Winter 1. 07 3576
8640 Winter 0.93 4392

10080 Wint.er 0_82 5136

©19S2-2009 Micro Draina e
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I Paul Waite Associales Pa.e 3

Summil House
Riparian Way
K~i.hlevBD207BW
Dale23 DECEMBER 2010
File

PLOTS I-STO
OUTFALL2
rEX 225 SW SEWER)
Designed By DM
Checked BvI

Infrasofl Source Control W.II.4

I Rainfall Details

I
Region ENG+WAL Shortest Storm (mins) 15
Return Period (years) 30 Longest Storm (mins) 10080
M5-60 (mm) 19.000 Summer Storms Yes
Ratio-R 0.357 Winter Storms Yes
Cv (Summer) 0.750 Climate Change i +30
Cv (Winter) 0.840I

I
Time I Area Diagram

Total Area (hal = 0.121

I
Time (mine)
from: to:

Area
(ha)

o 4 0.121

I
I
I
I
I

1
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I
I
I
I

I

©1982-2009 Micro Draina«

I



I
I
I
I
I
I
I
I,

I

I
I
I
I
I
I
I

•

I,
I
I

I
I

I

I
I
I
I

I

I

PaRe 4Paul Waite Associates
Summit House PLOTS 1-8 TO
Riparian Way
Keildlley BD207BW
Dale 23 DECEMBER 2010
File

OUTFALL 2
lEX 225 SW SEWER)
Designed By OM
Checked Bv

Infrasoft Source Control W.ll.4

Cellular Stora.e Details

Infil Coef - Base Im/hr) 0.000000 Porosity 0.95
Infil Coef - Sides Im/hr) 0.000000 Invert Level (m) 109.000
Safety Factor 2.0 Ground Level (m) 111. 000

Depth zofil. Depth Area Zofil. Depth Area Zofi1.Area Area Area
(10) (m' ) (10) (10' )

Area
(m) (m' )

(m' ) (10' ) (m' )

0.00 41. 3 41. 3 0.90 0.0 55.4 1. 80 0.0 55.4
0.10 41.3 43.9 1. 00 0.0 55.4 1. 90 0.0 55.4
0.20 41. 3 46.4 1.10 0.0 55.4 2.00 0.0 55.4
0.30 41.3 49.0 1. 20 0.0 55.4 2.10 0.0 55.4
0.40 41.3 51.6 1. 30 0.0 55.4 2.20 0.0 55.4
0.50 41. 3 54.2 1. 40 0.0 55.4 2.30 0.0 55.4
0.60 0.0 55.4 1. 50 6. a 55.4 2.40 0.0 55.4
0.70 0.0 55.4 1. 60 0.0 55.4 2.50 0.0 55.4
0.80 0.0 55.4 1. 70 0.0 55.4

Orifice Outflow Control

Diameter (m) 0.088 Invert Level Iml 109.000
Discharge Coefficient 0.600

© 1982-2009 Micro Draina.e


