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Executive Summary 

Policy NA3 Wolborough of the Teignbridge Local Plan 2013-2033 (the Local Plan) identifies 120 ha of land 

on the southern outskirts of Newton Abbot for high quality, mixed use development.  Teignbridge District 

Council (TDC) is working in partnership with current landowners to bring forward development of this area 

and in doing so, to achieve the maximum possible benefits for the local community.   

 

The development area lies adjacent to Wolborough Fen SSSI, which comprises wet woodland and fenland 

habitats that are dependent on high groundwater levels and peat soils.  These are maintained by 

groundwater discharges (springs and seepages) that are fed by precipitation falling on the surrounding 

hillsides.  The NA3 allocation encroaches on the hydrological catchment area for the SSSI and therefore if 

developed, has potential to impact on its hydrology and ecology.  This is recognised within the Local Plan, 

which includes a specific criterion to protect and enhance the SSSI. 

 

Technical studies undertaken to-date indicate that it should be possible to proceed with the development 

without adversely impacting on the SSSI, provided that groundwater recharge across the western 

catchment slope is maintained at all topographic levels.   

 

It must be recognised that the Wolborough Fen groundwater catchment is not hydraulically isolated from 

the adjacent catchments to the north and south.  Any reduction in groundwater recharge in these areas 

(e.g. due to new impermeable surfaces) could reduce the volume of water emerging within the SSSI or 

affect its chemical character, which is fundamental to the health of the SSSI.  Given the sensitivity of the 

site, a precautionary approach should be adopted within the development drainage strategy, which should 

maximise the use of infiltration SuDS throughout the NA3 development area. 

 

Based on these findings and consultation with stakeholders, the primary aim of the NA3 development 

drainage design (within the Wolborough Fen catchment area) should be to: create an exemplar 

sustainable drainage system (SuDS) that would, as far as possible, replicate the existing hydrological 

regime supporting Wolborough Fen. The strategy should meet the following objectives.  

1 Maintain, within each sub-catchment affected by the development, the overall pre-development rate of 

infiltration to the Aller Gravel aquifer, so that impacts on the flow rate and chemical characteristics of 

groundwater seepages that support the designated features within Wolborough Fen SSSI are not 

significant. 

2 Integrate a range of appropriate SuDS components into the fabric of the development, to achieve 

distributed groundwater recharge and provide multiple water quality, bio-diversity and amenity benefits 

(in addition to meeting flood risk management objectives). 

3 The SuDS design should be of a high quality, reflect current best practice and, where opportunities 

arise, make use of appropriate, innovative techniques that can provide inspirationfor future 

development within Teignbridge and the surrounding area. 

 

The development and its associated drainage scheme would be permanent features; therefore it is critical 

that any measures to protect Wolborough Fen would be permanently effective.  It is therefore essential to 

set out a plan for the long-term ownership, management and maintenance of the proposed SuDS scheme.  

This is particularly important for any communal systems, which are susceptible over time to piecemeal 

householder developments that can impact on their effectiveness.   
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In addition, the strategy should:  

 consider the use of legal agreements (such as planning obligations set out in the Section 106 

agreement or planning conditions), stipulating how SuDS components should be maintained and / 

or protected by future landowners.   

 consider combining plot-level and development-scale SuDS components, to distribute recharge as 

evenly as possible and, avoid over-reliance on any single component;  

 mitigate uncertainty, by including fall-back options that would ensure the drainage strategy 

objectives could be met through alternative SuDS measures, in the event further data collection 

indicates the proposed design would not be feasible 

 

Above ground storage can also allow natural processes to break down pollutants, encourage plant and 

wildlife bio-diversity and, assist in the development of local amenity spaces.  Developers should therefore 

maximise the use of open green space that would be suitable for infiltration ponds and above ground 

attenuation features, to develop SuDS that fulfil the needs of the SSSI and provide multiple benefits for the 

community and local environment. 

 

Precautions would be necessary during construction to prevent adverse impacts on surface water quality 

and groundwater recharge. 

 

A Pre-construction Ground Investigation and Monitoring Strategy should be submitted with the outline 

planning application to ensure that adequate hydrological and water quality data are available to inform 

the environmental impact assessment and drainage strategy; and, future detailed planning applications. 

 

Should planning permission be granted, a Construction and Operational Phase Monitoring Plan, based on 

the findings of the EIA, should be submitted to the regulators (TDC and the Environment Agency) for 

approval.  The plan should detail proposals for gathering data and, assessment criteria that would alert the 

developer to potential impacts during construction or, as a result of the finished development.   

 

Following construction, a Construction Phase Interpretative Report should be submitted for regulatory 

approval.  Monitoring should continue for a minimum of 12 months post-construction, with Operational 

Phase Interpretative Reports being submitted annually until the regulators are satisfied that the any impact 

mitigation measures are working effectively.  
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1 Introduction 

1.1 Background 

1.1.1.1 Policy NA3 Wolborough of the Teignbridge Local Plan 2013-2033 (the Local Plan) identifies 120 ha of land 

on the southern outskirts of Newton Abbot for high quality, mixed use development.  Teignbridge District 

Council (TDC) is working in partnership with current landowners to bring forward development of this area 

and in doing so, to achieve the maximum possible benefits for the local community.   

1.1.1.2 The development area lies adjacent to Wolborough Fen SSSI, which comprises wet woodland and fenland 

habitats that are dependent on high groundwater levels and peat soils.  These are maintained by 

groundwater discharges (springs and seepages) that are fed by precipitation falling on the surrounding 

hillsides.  The NA3 allocation encroaches on the hydrological catchment area for the SSSI and therefore 

has potential to impact on its hydrology and ecology.  This is recognised within the Local Plan, which 

includes a specific criterion to protect and enhance the SSSI. 

1.1.1.3 An outline planning application from the current landowners is forthcoming.  If approved, the land could be 

sold to one or more developers who would then progress detailed planning applications.  This process is 

likely to take several years. 

1.1.1.4 The manner in which developer proposals should be planned and delivered to meet the objectives of the 

Local Plan will be set out by TDC in the Development Framework Plan (DFP) for NA3 Wolborough.    

Royal HaskoningDHV has been engaged by TDC to assist in the preparation of the DFP, by providing 

hydrogeological advice in relation to Wolborough Fen.    

1.2 Scope of Study 

1.2.1.1 Royal HaskoningDHV’s role is to provide the hydrogeological expertise necessary for TDC to understand 

the potential impacts of the NA3 development on Wolborough Fen SSSI and ensure these are mitigated 

through the planning system.  The overall objectives for the project are to: 

 Interpret existing studies on behalf of TDC and recommend baseline monitoring requirements for 

inclusion within the DFP. 

 Provide TDC with robust guidance for developers that will ensure, as far as possible, that the 

hydrological system supporting the SSSI is maintained and water quality is protected.   

1.2.1.2 To achieve this Royal HaskoningDHV has undertaken three elements of work: 

1 Stakeholder engagement: to identify stakeholder concerns, risks, opportunities, environmental 

sensitivities and sources of information. 

2 Technical review of available studies: to compile a summary report that will enable TDC to 

understand the hydrological regime supporting the SSSI and, the potential for impacts due to the 

NA3 development. 

3 Identification of mitigation measures and controls for inclusion within the DFP: to ensure that the 

development proceeds in a manner that will protect and enhance the SSSI, in accordance with the 

local plan. 

1.2.1.3 The assessment of any planning application is outside the current scope Royal HaskoningDHV’s 

commission.  However to enable us to advise TDC on whether development of the NA3 Wolborough site 

(in accordance with the Local Plan) is feasible, without adversely impacting on Wolborough Fen SSSI, we 

have considered whether sufficient information is available to assess an outline planning application and, 

what additional information would be required by TDC, should the development proceed.   
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1.2.1.4 This report has therefore referenced eco-hydrological investigation reports for Wolborough Fen and draft 

documents (including a ground investigation report and combined FRA and Drainage Strategy) prepared 

in support of a forthcoming outline planning application.  The final proposed development design will be 

considered by TDC in due course, following submission of the planning application 

1.3 Limitations 

1.3.1.1 The advice provided herein is based on the data available and reviewed at time of writing.  It should be 

recognised that as new information emerges, this advice may become outdated or subject to 

reinterpretation.   

1.4 Purpose and Structure of this Report 

1.4.1.1 This report aims to provide a reference point for the DFP and any future discussions regarding the 

hydrology of the site.  The report is structured as follows: 

 Section 1 - Introduction: Introduction, scope of study and purpose of report 

 Section 2 - Stakeholder Consultation: Summary of consultation activities and stakeholder interests 

 Section 3 - Study Area: Description of Wolborough Fen SSSI, its hydrological and hydrogeological 

setting, and, the proposed NA3 development 

 Section 4 - Technical Review: Approach to the review and overview of documents considered 

 Section 5 - Hydro-ecology: Summary of the baseline hydrogeological conditions, remaining 

uncertainties and potential impacts of the NA3 development   

 Section 6 - Drainage: Summary review of the draft outline drainage strategy (which has not been 

formally submitted) to determine whether sufficient information is available to enable TDC to any 

submitted planning application  

 Section 7 - Recommendations: Drainage strategy objectives;  SuDS design considerations and 

relevant case-studies; construction phase precautions; and, data collection requirements 

 Appendix A1 - Technical Review:  Detailed review of the technical documents, including 

consideration of data quality and availability and, residual uncertainties 
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2 Stakeholder Consultation 

2.1 Consultees 

2.1.1.1 Stakeholder consultation has comprised two meetings with the organisations identified in Table 2.1 below 

and, a visit to the SSSI and NA3 development area. This visit was in the company of the TDC countryside 

ranger responsible for Decoy Country Park and Wolborough Fen (Simon Cunningham) and the farmer and 

landowner of the Fen’s catchment area (Anthony Rew).   

2.1.1.2 Full details of the meetings and site visit are provided in the Stakeholder Consultation Record
1
. Key 

stakeholder interests are summarised below in Table 2.2. 

Table 2.1 Consultee List 

Organisation Function Consultee 

Anthony Rew NA3 

Wolborough Landowner 
NA3 Wolborough Landowner Anthony Rew (AR) 

Jones Lang LaSalle (JLL) 
Land agent for Norman Rew, NA3 Wolborough 

landowner  
Claire Boobier (CB)   

Natural England (NE) Statutorily responsible for condition of SSSI units John Grimes (JG) 

Devon Wildlife Trust 

(DWT) 
Leaseholder / landowner of Wolborough Fen Andrew Bakere (AB) 

Teignbridge District 

Council (TDC) 

Planning authority and manager of Decoy Country 

Park 

Tristan Peat (TP) - Principal Planning Officer 

Simon Cunningham (SC) - Countryside 

Ranger (Decoy & Wolborough Fen) 

Mark Fox (MF) - Coastal and Drainage 

Manager 

PCL Planning (PCL) 

Professional representatives for Anthony Rew – 

lead consultants for the outline planning 

application 

David Seaton (DS) 

GeoConsulting 

Engineering Ltd (GCEL) 

Professional representatives for Anthony Rew – 

supporting consultant (ground conditions) for the 

outline planning application 

David Jackson (DJ) 

                                                      
1
 Wolborough Barton (NA3) – Potential Impacts on Wolborough Fen SSSI: Review of Hydro-ecological Studies. Technical Note 

WAT/PB4806/N001/D01. Royal HaskoningDHV, 15 April 2016. 
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Table 2.2 Stakeholder key interests 

Organisation Key Interests 

Teignbridge District Council 

Investigations supporting the outline planning application should be sufficient to demonstrate 

that the development can proceed without adversely impacting on the SSSI. 

The development should use innovative SuDS that maximise the use of ‘soft’ solutions and 

represent a ‘show case’ example for future SuDS schemes across Teignbridge. 

Natural England / Devon 

Wildlife Trust 

Achieving enhancement of the SSSI post-development and in particular, of the primary interest 

feature (Saw Sedge).  Ongoing concern that current farming practice is causing nutrient 

enrichment at western end of SSSI.  NE has subsequently confirmed that this is a relatively 

minor factor compared to the influence of groundwater discharges therefore a change in land-

use away from agriculture (reducing the associated water quality impacts) should not be used 

as an argument in favour of the development. 

Anthony Rew / PCL Planning 

Gaining confidence of DWT and NE that a thorough investigation has been undertaken. 

Understanding the long-term objectives for the SSSI and what constitutes ‘enhancement’ so 

that the development can be designed accordingly.   

Norman Rew / Jones Lang 

LaSalle 
None raised 

 

2.1.1.3 In an effort to ensure that the recommendations of this report are aligned with the expectations of statutory 

planning consultees, comments on the draft version of this report were requested from technical 

specialists within NE and the Environment Agency.  The Environment Agency was unable to respond 

within the required timeframe.  Feedback from NE has been incorporated into Section 7 

Recommendations.   
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3 Study Area 

3.1.1 Wolborough Fen SSSI 

3.1.1.1 Wolborough Fen SSSI is located on the southern outskirts of Newton Abbot in Devon.  Land ownership is 

split between TDC and Anthony Rew but the SSSI is managed by Devon Wildlife Trust (DWT) in 

cooperation with Natural England (NE).  It was designated as a SSSI in 1990 due to the presence of 

wetland (open fen) plant communities that are rare in south west England.  According to the SSSI citation, 

it is the last remaining site in Devon where greater fen-sedge (Saw Sedge) is present and the peaty soils 

are also of interest due to their domed structure.   

The site is divided into three units, as shown in Figure 3.1.  To achieve Favourable Condition for the whole 

site, it is necessary to restore and maintain the extent, and balance, of designated and supporting habitats 

to their baseline condition. It is anticipated that recent tree clearance work undertaken by DWT will result 

in Unit 2 being classified as Unfavourable Recovering at the next survey.  The distribution of vegetation 

within the SSSI is related to the hydrological regime.  A key management requirement is therefore to 

maintain the quantity and quality of groundwater reaching the site 

Figure 3.1 Wolborough Fen SSSI Units 

 
 

3.1.2 Hydrological Setting 

3.1.2.1 The special features of the SSSI exist due to the presence of peat soils and a high water table.  This 

report focuses on the hydrological catchment area that supports this environment.  The topographic 

catchment area, shown (approximately) by the blue line on Figure 3.2, comprises the arable / grazing 

slopes to the west and, the wooded slopes of Decoy Brake and Blackball Plantation to the south of the 

SSSI. 
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3.1.2.2 Runoff from the north does not enter the SSSI as it is collected by an eastward flowing stream that forms 

the northern boundary to the SSSI.  The stream by-passes Decoy Lake (a former ball clay pit) and 

continues to the Aller Brook, located approximately 500 m to the east of the SSSI. As it passes the SSSI, 

runoff and seepage enter the stream from the south. These are derived principally from groundwater 

emerging in the wet woodland area at the western end of the SSSI and springs breaking through the peat 

at the eastern end.   

3.1.2.3 The surface water catchments situated immediately to the north and south of the Wolborough Fen 

catchment drain via eastward flowing streams that discharge into the SSSI northern boundary stream and 

Ford Leat, a tributary of the Aller Brook. No watercourses discharge into Decoy Lake, which is believed to 

be fed solely by surface runoff or possibly, by groundwater at depth. 

Figure 3.2 Wolborough Fen SSSI location and hydrological features 

 

3.1.2.4 The geology of the Fen and its catchment is illustrated in Figure 3.3.  The sedimentary bedrock strata 

comprise:  

 the Upper Greensand formation (sandstone), which forms the high ground to the north, west and 

east of the SSSI; overlain by 

 the Aller Gravel formation (silt, sand and gravel), outcropping on the western and southern slopes of 

the catchment; overlain by 

 the Bovey formation (sands and clays) at the foot of the basin, in the eastern half of the SSSI.  

3.1.2.5 Across the eastern half of the SSSI the floor of the valley is lined with peat, of variable thickness, which 

straddles the geological boundary between the Bovey and Aller Gravel formations.  The catchment to the 

north is wholly underlain by the Aller Gravel Formation.  The catchment to the south is underlain by the 

Watcombe Breccia Formation, Upper Greensand Formation and Aller Gravel Formation. 

Decoy Lake 

Aller Brook 

Northern 

Boundary 

Stream 

Catchment 

Boundary 

Northern 

Catchment 

Stream 

Southern 

Catchment 

Stream 
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Figure 3.3  Wolborough Fen catchment geology (Rigare, 2015) 

 
 

3.1.2.6 The hydrogeology of SSSI can be described using the simple conceptual site model (CSM) outlined 

below:   

 Groundwater is present within the Aller Gravel and Upper Greensand, which are moderately 

permeable and allow groundwater flow.   

 Groundwater is present within the peat and the sandy horizons of the Bovey Formation; both units 

have a relatively low permeability, which prevents or inhibits groundwater flow.   

 Groundwater flow is driven by recharge derived from the infiltration of precipitation falling on the 

catchment slopes. 

 Groundwater emerges from the Aller Gravel within the wet woodland area at the western end of the 

SSSI. 

 Groundwater also emerges from springs where the peat covers the Aller Gravel in the central area 

of the SSSI, where the peat is thin enough. 
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 Within the eastern area of the SSSI, springs are unlikely to be present above the Bovey formation 

due to its relatively low permeability.   

 The generation and accumulation of peat at the site may have occurred due to the presence of a 

spring line which formed along the geological boundary between the Aller Gravel Formation and 

Bovey Formation, as a result of their contrasting permeabilities.  

3.1.3 NA3 Development Area 

3.1.3.1 The NA3 development area covers approximately 120 ha to the south of Newton Abbot, between the 

A380 and A381.  As shown in Figure 3.4, there are three principal land use categories (mixed use, 

employment and community facilities that would be buffered from adjacent settlements and agricultural 

land by green infrastructure and existing recreational areas.  By comparison to Figure 3.2, it can be seen 

that the central mixed use area would cover the western slope of the Wolborough Fen catchment area 

and, that the southern wooded slope would remain as recreational land.  

Figure 3.4 NA3 Wolborough development area map (Teignbridge Local Plan) 

 
Crown Copyright.  Licence number 100024292 
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Figure 3.5  Key to Figure 3.4 (Teignbridge Local Plan) 

 



 
P r o j e c t  r e l a t e d  

 

20 December 2016 NA3 WOLBOROUGH FEN HYDRO-ECOLOGICAL REVIEW WAT/PB4806/R001/F01 10  

 

4 Technical Review  

4.1 Approach 

4.1.1.1 A number of documents containing environmental baseline and preliminary drainage design information 

have been provided by stakeholders.  For each document, the detailed findings of the review are 

presented in Appendix 1 as follows: 

 Overview of content 

 Summary of findings 

 Data quality and availability 

 Assumptions and uncertainties 

4.1.1.2 These elements are brought together in the following sections, which aim to highlight the key hydro-

ecological and drainage issues that are relevant to TDC, with respect to preparation of the forthcoming 

NA3 Development Framework Plan (DFP). 

4.2 Overview of Source Documents  

4.2.1.1 The original scope of this project was to review the reports prepared for DWT in 2015 by Roger Meade 

Associates (RMA) and Rigare Ltd on the eco-hydrology of the SSSI.  The scope was extended following 

consultation with stakeholders to include draft documents prepared by Panscape Environmental 

Consultants, Geoconsulting Engineering Ltd and InfraDesign Ltd, in support of the forthcoming planning 

application for NA3 (led by PCL Planning) and, further studies by Rigare Ltd for DWT.  The content of 

these documents is summarised below.   

 Ecohydrological characterisation and assessment of Wolborough Fen SSSI, Newton Abbot, Devon 

(Rigare, 2015); 

 Eco-hydrological distribution of NVC plant communities and selected plant species. Wolborough 

Fen, Devon (RMA, 2015). 

4.2.1.2 Together, the studies described fieldwork undertaken to characterise the vegetation, soils and 

hydrogeology of the SSSI, and provide recommendations for maintaining and enhancing the 

characteristics for which the site is designated.   

 Review of water level and quality data collection from mid-2015 (Rigare, 2016); 

4.2.1.3 The note describes preliminary water level and quality data and the ongoing data collection programme 

arising from the recommendations of Rigare, 2015 and, makes further recommendations for monitoring 

that would be beneficial in light of the proposed NA3 development. 

 Phase 1 Desk Study & Phase 2 Preliminary Intrusive Investigation Report, Wolborough Barton, 

Newton Abbot. (GCEL, 2016); 

4.2.1.4 The report deals with geotechnical and geo-environmental risks from and to the development as a whole, 

(including the potential for sourcing construction aggregate from the Aller Gravel Formation) and deals 

specifically with risks to the SSSI.  This is achieved by building on the conceptual model presented in 

Rigare, 2015 and addressing some of the assumptions and uncertainties raised by that study, in relation 

to the proposed development. 

 Phase 1 Review of Potential Ecohydrological Impacts of development adjacent to Wolborough Fen 

on the Ecological Value of the Site (Panscape, 2015). 
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4.2.1.5 The Panscape report forms an appendix to GCEL, 2016 and comprises a review of the Rigare, 2015 

findings, focusing on risks posed by the development and how these might be mitigated.     

 Flood Risk Assessment and Drainage Strategy [DRAFT], Land at Wolborough Barton, Newton 

Abbot (InfraDesign, 2016)  

4.2.1.6 The flood risk assessment (FRA) provides a high level overview of the risk of flooding from different 

sources.  A preliminary surface water drainage strategy for the development is presented, based on the 

proposed masterplan.  The drainage strategy draws on the results of soakaway testing reported in GCEL, 

2016.  

4.2.1.7 The draft Environmental Statement chapters have also been made available by PCL but have not been 

included in this review, for the reasons given in Section 1.2. 

 



 
P r o j e c t  r e l a t e d  

 

20 December 2016 NA3 WOLBOROUGH FEN HYDRO-ECOLOGICAL REVIEW WAT/PB4806/R001/F01 12  

 

5 Hydro-ecology 

5.1.1.1 A detailed review of the available studies, including consideration of data quality and uncertainties, is 

presented in Appendix 1.  The findings of the review are summarised and discussed below.   

5.2 Literature Review 

5.2.1 Hydrogeological Interpretation 

5.2.1.1 Two key studies have been undertaken, which describe the hydrogeology and eco-hydrology of 

Wolborough Fen and, the potential impacts of the NA3 development.  A study for Devon Wildlife Trust 

(Rigare, 2015) utilises data obtained from within the SSSI itself.  A subsequent study (GCEL, 2016), 

undertaken on behalf of the landowner of the NA3 development area, utilises the earlier study and draws 

on further ground investigation data obtained from the hydrological catchment area, upstream of the SSSI.   

5.2.1.2 The studies present slightly different interpretations of the catchment hydrogeology but are broadly in 

agreement on the potential for impacts due to the NA3 development.  The following key points regarding 

the hydrogeological conceptual model are common to both studies 

 the SSSI is reliant on groundwater emerging from the Aller Gravel aquifer, which is recharged by 

precipitation falling on the western and southern slopes of the catchment; 

 water quality within the SSSI is likely to be dependent on the residence time of groundwater within 

the Aller Gravel formation therefore, should the NA3 development go ahead, it will be important to 

maintain recharge at all topographic levels within the catchment; 

 further hydrogeological investigations would be necessary to establish a robust baseline for the 

SSSI and its catchment and, to inform the SuDS design for the development;  

 surface water runoff entering the SSSI (as opposed to flowing directly into the northern boundary 

stream and bypassing the SSSI) is minimal and of little significance to its health; 

 although it is feasible (based on the observed vegetation) that the western area of the SSSI is 

currently suffering from the influence of nutrient enriched groundwater or surface water, the 

available water quality data do not support this hypothesis. 

5.2.1.3 The GCEL, 2016 study challenges some of the assumptions of Rigare, 2015, which is to be expected 

because field data from the catchment were not available to the earlier study.  The principal differences 

between the two studies relate to whether or not: 

 the bulk permeability of the Aller Gravel is high or low; 

 the hydraulic connectivity between the Aller Gravel and underlying Upper Greensand is good or 

poor; 

 laterally extensive clays are present within the Aller Gravel, causing hydraulic compartmentalisation 

of the aquifer over a wide area (Rigare, 2015), as opposed to local compartmentalisation, caused 

by laterally discontinuous clays (GCEL,2016).  

5.2.2 Potential Impacts 

5.2.2.1 Rigare, 2015 states that hydrology of the SSSI catchment would certainly be affected by the development 

but, whether or not any impacts on the SSSI would be detectable or significant, would need careful 

consideration.  Panscape, 2015 recognises that the proposed development could result in changes to the 
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volume, duration, location and quality of discharges within the SSSI.  The green infrastructure and access 

road proposals are not considered by either study to pose a threat to the SSSI.   

5.2.2.2 The potential adverse impacts identified by these studies can be summarised as follows: 

 reduced groundwater recharge due to hard surfacing, resulting in reduced groundwater discharge 

within the SSSI and degradation of the peat deposits; 

 reduced groundwater residence time within the Aller Gravel formation, resulting in a change in the 

chemical character of groundwater discharging within the SSSI, affecting vegetation community 

distribution; 

 chemical contamination of surface water and groundwater entering the site, due to construction 

activities or the change from agricultural to suburban land use, potentially affecting species health. 

5.2.2.3 GCEL, 2016 concludes that significant impacts could be mitigated by the development design and 

drainage strategy.  Key recommendations for mitigating impacts are to: 

 use a combination of infiltration and attenuation drainage to allow for the naturally variable ground 

conditions which, in some locations, are unsuitable for infiltration; 

 ensure that infiltration of surface runoff in the upper part of the catchment continues, and is 

enhanced if possible, so that the long aquifer residence time necessary for developing the chemical 

characteristics of groundwater emerging within the SSSI is maintained; 

 incorporate existing ponds located to the north of the SSSI so that additional water can be provided 

to the SSSI. 

5.2.3 Uncertainties 

5.2.3.1 Both studies are thorough in their examination of the SSSI (Rigare, 2015) and its catchment (GCEL, 

2016); but a number of uncertainties remain, concerning the different surface water and groundwater 

pathways by which water reaches the SSSI.  The balance between these inputs affects the chemical 

composition of water flowing into the SSSI at different locations, which controls habitat development and 

species diversity.  The significance of these uncertainties with respect to the potential NA3 development is 

outlined below. 

 If laterally extensive, low permeability clay and silt layers cause hydraulic compartmentalisation of 

the Aller Gravel aquifer over a wide area (as suggested by Rigare, 2015), water quality at different 

points within the SSSI may be sensitive to changes in the pattern of infiltration on the western 

catchment slope and hence, the location of infiltration features; whereas,  

 if the composition of the Aller Gravel is variable throughout its full depth, resulting in localised 

hydraulic compartmentalisation (as suggested by GCEL, 2016), water quality would not be sensitive 

to changes in the pattern of infiltration so long as the overall residence time for groundwater within 

the aquifer is maintained; for instance, by ensuring that recharge is distributed over the whole of the 

western catchment slope. 

 If there is a good hydraulic connection between the Upper Greensand and Aller Gravel aquifers (as 

suggested by Rigare, 2015) and the emergent groundwater chemistry proves to be significantly 

influenced by the Upper Greensand, it is possible that recharge to the Aller Gravel formation is less 

significant than currently assumed and that the contribution from the Upper Greensand is more 

important for water quality within the SSSI.  The Upper Greensand outcrop (within the catchment 

area) is earmarked in the Local Plan for green infrastructure, so potential impacts on the SSSI 

under this scenario would be limited.  
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 If the bulk permeability of the Aller Gravel is relatively low (as suggested by GCEL, 2016), surface 

runoff contributions could be more significant to the eco-hydrological conditions of the SSSI than is 

currently thought. 

 This may be particularly true for the southern edge of the wetland, which lies at the foot of the 

relatively steep, southern catchment slope.  Whilst water quality conditions in this area are 

attributed to groundwater recharge with a low residence time, it is acknowledged as a possibility (by 

Rigare, 2015) that vegetation in this area could be solely dependent on rainfall.   Currently, cattle 

are overwintered on the southern catchment slope, which is suspected to have resulted in soil 

compaction and increased surface water runoff. 

 Although the vegetative succession suggests nutrient enrichment of the western part of the SSSI, 

no water samples from this area are available to confirm this.  Flow monitoring has not been 

undertaken but observed surface water inputs to this area are considered to be relatively minor.   

Groundwater discharges could be responsible; however, water samples obtained elsewhere on the 

site (including downstream) indicate low nutrient concentrations.  GCEL, 2016 suggest that a 

change in land-use away from agriculture would alleviate the nutrient enrichment, resulting in a 

beneficial impact on the SSSI.  However, there is currently little evidence to demonstrate that 

nutrient inputs to the SSSI are significant; therefore the any benefits from land-use change would be 

minimal. 

 Groundwater levels within the SSSI and its catchment have not been measured to a common 

datum and, rainfall and surface water flow rates have not been measured at all.  This means it is not 

possible to: estimate the amount of water required to sustain the SSSI; determine the relative 

importance of inputs from groundwater surface runoff and direct rainfall; or, understand the effects 

of seasonal variability.  

5.2.4 Data Availability 

5.2.4.1 A preliminary ground investigation has been undertaken within the development area however, the 

thickness of the Aller Gravel Formation and its hydraulic characteristics at depth have not been 

established within the SSSI groundwater catchment. 

5.2.4.2 Only limited ground investigation has been undertaken on the Aller Gravel Formation to the north-west 

and south of the SSSI.  Whilst these areas are outside the likely groundwater catchment boundary for the 

SSSI, recharge to the aquifer in these area will affect the position of this boundary and may contribute to 

the overall flow into the SSSI. 

5.2.4.3 Limited water level monitoring data are available for the SSSI and its catchment.  Water quality data are 

very limited, and confined to the SSSI.  This means it is not possible to examine the seasonal variability of 

either water level or discharge quality. 

5.2.4.4 The available groundwater level data have been measured from ground level rather than to a common 

datum, therefore it is not possible to determine groundwater flow direction or hydraulic gradient (i.e. the 

level and slope of the water table). 

5.3 Discussion 

5.3.1.1 In combination with Rigare, 2015, the information presented in GCEL, 2016 demonstrates a reasonable 

understanding of the hydrological processes that support the SSSI.  A number of uncertainties remain, 

which leave the conceptual model open to a degree of interpretation.  Further ground investigation and 

monitoring of groundwater and surface water quality, level and flow, would be required to reduce this 

uncertainty. 
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5.3.1.2 It would not be necessary to resolve all of the remaining uncertainties if a precautionary approach is taken 

within the site drainage strategy, that will maximise the use of infiltration SuDS throughout the 

development area, at all topographic levels.   

5.3.1.3 Nevertheless, to support the drainage strategy and eventual design, it would be necessary for developers 

to demonstrate an improved understanding of baseline groundwater levels throughout SSSI and its 

catchment; and, surface water flowing into and out of the SSSI. Baseline surface water and groundwater 

quality would need to be well understood and a robust risk assessment would be required to demonstrate 

that potential water quality impacts could be mitigated effectively.  The SuDS design would need to allow 

for variability of all these factors both seasonally and inter-annually (between different years).  

Further investigations should therefore focus on the information required to demonstrate that the proposed 

drainage strategy would be feasible and effective. To ensure that the right information is gathered in good 

time, a monitoring strategy should be submitted at the outline planning stage and TDC should ensure that 

this is followed through by future developers of the site.   

5.4 Conclusions 

5.4.1 Potential Impacts 

5.4.1.1 The studies undertaken to-date demonstrate that there are three principal sources of water feeding the 

SSSI: infiltration to the Aller Gravel aquifer, infiltration to the Upper Greensand aquifer and, surface runoff.  

The relative significance of these inputs is not fully understood but it is possible that they all contribute to 

the observed variations in water quality at different locations within the SSSI.   

5.4.1.2 The proposed development would not impact on groundwater recharge within areas designated for green 

infrastructure.  These are: the southern slope of the catchment, underlain by the Aller Gravel; and, the top 

of the western catchment slope (to the west of the current field boundary), underlain by the Upper 

Greensand and lower part of the Aller Gravel.  Neither would the proposed access road have significant 

effects (assuming standard infiltration and pollution measures are employed appropriately). 

5.4.1.3 At mid to lower elevations of the western catchment slope, the development would affect surface water 

runoff and groundwater recharge to the Aller Gravel.  A study undertaken on behalf of DWT (Rigare, 2015) 

has suggested that distinct recharge zones, defined by low permeability clay layers, may be hydrologically 

significant for the SSSI.  The available data suggest that these are absent from the upper (geologically 

younger) part of the Aller Gravel, which is present at ground level in the east of the development area (i.e. 

at lower elevations, adjacent to the western boundary of the SSSI.  Further investigations would be 

required to confirm whether or not low permeability clay layers are present in the lower part of the 

formation, which outcrops in the west of the development area, towards the top of the hill.  

5.4.1.4 Based on the available information, the worst case scenario for consideration by the EIA should assume 

that some hydraulic compartmentalisation (caused by low permeability clay layers) does occur towards the 

base of the Aller Gravel formation, which could make the SSSI sensitive to the location of infiltration 

drainage features at higher elevations within the development area. 

5.4.1.5 It is also important to recognise that Wolborough Fen groundwater catchment area (as shown in Figure 

3.2 and Figure 3.3) is not hydraulically isolated from the adjacent catchments to the north and south and 

that groundwater catchment boundaries are not fixed.  The bulk of groundwater recharge to these areas 

does not currently reach the SSSI. However, any reduction in recharge to these areas would potentially 

divert groundwater away from the SSSI catchment, reducing the size of the catchment area.  Whether or 

not this would be significant in terms of the volume and residence time of water emerging within the SSSI 

has not been investigated.   
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5.4.2 Mitigation 

5.4.2.1 To ensure protection for the SSSI, the development would need to incorporate a SuDS scheme that 

maintains or increases recharge over the whole of the western catchment slope, and maximises the use of 

infiltration drainage features within the neighbouring catchments.  This would ensure that:  

 the total volume of groundwater recharge to the Aller Gravel aquifer is not reduced by impermeable 

surfaces introduced by the development; and  

 any sensitivity of the SSSI to the location of recharge within the catchment (as a result of hydraulic 

compartmentalisation of the aquifer) is mitigated.   

5.4.2.2 Current farming practices result in periodic compaction of the ground surface on both the southern and 

western slopes of the catchment, which increases runoff.  It is therefore possible that the above approach 

could increase groundwater recharge compared to the baseline. Based on the available information, 

increased groundwater recharge would be beneficial to the SSSI but in any case, there would be no 

adverse impact as excessive recharge would be rejected by the aquifer and would flow into the surface 

water SuDS that should ultimately discharge to the western end of the SSSI, as surface runoff currently 

does at present.   

5.4.3 Protection and Enhancement 

5.4.3.1 Within the Teignbridge Local Plan there is a commitment to “protect and enhance” the SSSI.  The long 

term objective for the SSSI is to restore all units to Favourable Condition, which requires maintaining the 

balance between the different habitats that support the Saw Sedge. In eco-hydrological terms, protection 

could be seen as maintaining the existing hydrological regime, preventing pollution and if possible, 

reversing any negative trends.  The condition of the SSSI is not currently constrained by hydrological 

factors, therefore (hydrological) enhancement opportunities are limited. However, there may be potential 

for complementary habitat creation outside of the SSSI boundary.    

5.5 Key Points 

5.5.1.1 The ecology of Wolborough Fen is dependent on the quality and quantity of groundwater emerging from 

springs and seepages within. 

5.5.1.2 The key hydrological input to the SSSI appears to be groundwater recharge to the Aller Gravel Formation 

aquifer on the western slope of the catchment, which has the potential to be significantly impacted by the 

proposed development.   

5.5.1.3 Water quality is affected by the length of time groundwater takes to pass through the Aller Gravel 

formation, which is controlled by the location at which precipitation enters the ground.  The development 

should therefore maintain recharge at all topographic levels within the catchment. 

5.5.1.4 The Wolborough Fen groundwater catchment is not hydraulically isolated from the adjacent catchments to 

the north and south.  Any change away from pre-development recharge rates in these areas could alter 

the pattern of groundwater flow such that the volume and residence time of water emerging within the 

SSSI is altered. 

5.5.1.5 Given the sensitivity of the site, a precautionary approach should be adopted within the development 

drainage strategy.  Maximising the use of infiltration SuDS throughout the NA3 development area, at all 

topographic levels, would ensure that:  

 the total volume of groundwater recharge to the Aller Gravel aquifer is not reduced by impermeable 

surfaces introduced by the development; and  
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 any sensitivity of the SSSI to the location of recharge within the catchment (as a result of hydraulic 

compartmentalisation of the aquifer) is mitigated.   

5.5.1.6 Ground conditions at depth are uncertain and the level and slope of the groundwater table is unknown.  

There are no surface water flow data and water quality data are limited.  Further data collection would be 

required to inform the EIA baseline and outline drainage strategy, to ensure that the SuDS design would 

cope with seasonal and inter-annual variability.  A ground investigation and monitoring strategy should 

therefore be submitted with the outline planning application, outlining how this information would be 

gathered.   

5.5.1.7 A robust risk assessment would be required to demonstrate that potential water quality impacts could be 

mitigated effectively during and post-construction.   



 
P r o j e c t  r e l a t e d  

 

20 December 2016 NA3 WOLBOROUGH FEN HYDRO-ECOLOGICAL REVIEW WAT/PB4806/R001/F01 18  

 

6   Proposed Drainage Strategy 

6.1 Overview 

6.1.1.1 As stated in Section 1.2, Royal HaskoningDHV has reviewed the draft Flood Risk Assessment and 

Drainage Strategy (InfraDesign, 2016) to establish whether sufficient information has been collected to 

enable TDC to determine an outline planning application.  The review is presented in Appendix 1 and 

summarised below. 

6.1.1.2 The report (InfraDesign, 2016) considers flood risk from all sources at the development site and 

recognises the potential impacts on the SSSI currently (due to agricultural practices) and in the future, 

(from changes to the pattern of ground water recharge) should the development go ahead. The drainage 

strategy therefore includes objectives to infiltrate runoff as close as possible to its source and improve the 

quality of surface water discharges to the SSSI. 

6.1.1.3 The study divides the NA3 development into four topographic catchments:   

 Catchment C comprises the residential and access road development areas on the western slope of 

the Wolborough Fen groundwater catchment, and is underlain by the Aller Gravel Formation;   

 Catchment B lies on the Aller Gravel Formation to the north of Catchment C and drains towards a 

tributary of the SSSI northern boundary stream;   

 Catchment D lies to the south of the Wolborough Fen catchment area and is underlain by the Aller 

Gravel Formation, Upper Greensand Formation and (to the south) Watcombe Breccia Formation, 

draining east towards a tributary of the Aller Brook;   

 Catchment A lies to the west and is hydraulically isolated from the Wolborough Fen catchment.   

6.1.1.4 The drainage strategy includes pre- and post-development surface water runoff calculations and high level 

surface water attenuation calculations, which are used to inform an initial, outline drainage design that 

incorporates some SuDS features. 

6.1.1.5 The proposed Catchment C drainage system includes communal, geocellular infiltration crates within 

residential rear gardens, infiltration basins in areas of public open space and, a small number of French 

drains alongside the road connecting Catchment C to Catchment D. The strategy for Catchment B makes 

minimal use of geocellular infiltration.  No infiltration measures, other than attenuation basins, are 

proposed for Catchment D.  

6.2 Discussion 

6.2.1.1 An important aspect of the existing hydrological regime is the wide distribution of recharge across 

Catchment C, which is recognised in the ground investigation report (CGEL, 2016) as being fundamental 

to the chemical characteristics of groundwater emerging at the SSSI.  This is carried through into the 

drainage strategy (InfraDesign, 2016), which aims to maximise groundwater recharge through the use of 

infiltration SuDS. 

6.2.1.2 The strategy employs geocellular infiltration crates in preference to soakaways due to the steepness of the 

catchment, supplemented by infiltration detention basins located within the natural drainage pathways.  

The crates are reasonably well distributed across the catchment and are likely to provide greater recharge 

than soakaways.  However, given the importance of groundwater recharge at this location and the 

aspiration of TDC for a showcase SuDS scheme, the use of a wider range of infiltration SuDS 

components, such as permeable paving, swales and raingardens (see Section 7.2.2) would be expected.  

These could be integrated into the fabric of development to recharge groundwater over an even wider 

area and, would reduce the risk associated with failure or reduced efficiency of the proposed measures. 
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6.2.1.3 Communally owned and operated geocellular systems can present management and maintenance 

challenges, particularly when used in a residential setting where the properties are all under individual 

private ownership. The main issue arises from individual piecemeal household developments that either 

damage or exceed the design capacities of the structure and prevent it from operating as intended. These 

issues are more manageable on sites where a number of properties are served by a communal system 

owned or managed by a single organisation, such as a housing association.  This should be recognised 

and addressed within the drainage strategy.  

6.2.1.4 A further consideration is whether, given the relatively steep slope of the development area and, allowing 

for the recommended depth of cover, the recommended depth (1m) of unsaturated zone would be present 

beneath the geocellular crates.  The available data indicate groundwater levels in the order of 2.4 to 3.0 m 

below ground level however, these are sparsely distributed and the degree of seasonal variability is 

unknown.  It is not clear from the design information presented whether this is sufficient or, how the 

strategy might be adapted in the eventuality that it is not.    

6.2.1.5 The initial attenuation calculations for Catchment C have been based (in accordance with guidance) upon 

the lowest infiltration rates in Catchment C and therefore both the infiltration basin sizing and half empty 

time would need further consideration during detailed design.  

6.2.1.6 Infiltration tests have been undertaken in accordance with the BRE 365 methodology
2
.  To guarantee the 

validity of future infiltration tests, the BRE 365 method should continue to be followed. Where calculated 

infiltration rates of 10
-6 

m/s or greater are achieved, full consideration should be given to infiltration SuDS 

(SuDS Manual (C753)
3
).  Where rates are lower than this, other suitable SuDS should be considered. 

6.2.1.7 The proposed infiltration basins have a half emptying time longer than the industry standard 24 hours.  

During periods of stormy weather this could reduce on the available attenuation storage volume and 

increase the rate of discharge overflowing from the basins at an uncontrolled rate. Therefore it would be 

necessary prior to detailed design, to undertake an analysis of the duration, frequency and intensity of 

local rainfall events to determine a safe and suitable half empty time should the half empty time remain 

greater than 24 hours.  

6.2.1.8 The use of large infiltration basins on this site would require further consideration of ground stability, due 

to the relatively steep slopes and the potential need for raised embankments to contain water in the basin. 

This design consideration is supported in Chapter 8 of the SuDS Manual.  The use of large basins also 

has the potential for creating a small reservoir that would require management under the revised 

Reservoirs Act (1975), as amended by the Flood and Water Management Act (2010)
4
. This applies to 

impoundments storing greater than 10,000 m
3
 of water above ground level but has not yet been 

implemented in England, so currently the threshold still stands at 25,000 m
3
.  To mitigate this risk basins 

could be excavated below ground level or a system comprising smaller basins could be used. 

6.2.1.9 As per Section 5.4, the SSSI groundwater catchment (Catchment C) is not hydraulically isolated from the 

adjacent catchments to the north and south (Catchments B and D).  Therefore any change away from pre-

development recharge rates in these areas could alter the pattern of groundwater flow such that the 

volume and residence time of water emerging within the SSSI is reduced.  This is a possibility with the 

proposed design, which includes only limited infiltration features in the neighbouring catchments. 

6.3 Key Points 

6.3.1.1 The FRA and Drainage Strategy (InfraDesign, 2016) divides the NA3 development into four topographic 

catchments; three of which provide groundwater recharge to the Aller Gravel aquifer. The area covering 

the western slope of the Wolborough Fen hydrological catchment is referred to as Catchment C.  

                                                      
2
 BRE Digest 365 ‘Soakaway design’.  Building Research Establishment, 2016. 

3
 SuDS Manual (C753).  CIRIA, 2015. 

4
 http://nationalfloodforum.org.uk/wp-content/uploads/Reservoir-FAQs-Sept-2013.pdf 
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6.3.1.2 The proposed drainage strategy relies primarily on infiltration basins to manage surface runoff, which are 

coupled with communal geocellular infiltration crates within Catchment C to maximise groundwater 

recharge to the SSSI. 

6.3.1.3 The proposed strategy could make use of a wider range of infiltration features to ensure that recharge to 

the Aller Gravel aquifer is more evenly distributed across the western slope of the SSSI catchment and, 

throughout the NA3 development are as a whole.  This would also reduce the risk associated with reliance 

on a limited number of systems. 

6.3.1.4 The proposed strategy does not make provision for the long-term maintenance and management of the 

communal systems, which are susceptible over time to piecemeal householder developments that can 

impact on their effectiveness. 

6.3.1.5 There is insufficient design information and groundwater level data to demonstrate that the proposed 

geocellular infiltration crates would drain effectively, and no alternative measures are presented. 

6.3.1.6 The proposed infiltration basins have a half emptying time longer than the industry standard 24 hours.  

Prior to detailed design it would be necessary to undertake an analysis of the duration, frequency and 

intensity of local rainfall events to determine a safe and suitable half empty time.  

6.3.1.7 The proposed drainage systems for Catchments C and D include only limited infiltration features, so 

development in these area may have some impact on groundwater recharge and hence also, on the local 

groundwater flow regime.  Whether or not this would affect Wolborough Fen is uncertain.  
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7 Recommendations  

7.1 Drainage Strategy Objectives 

7.1.1.1 Based on stakeholder consultation and the findings of technical studies undertaken to-date, the primary 

aim of the NA3 development drainage design should be to:  

 create a high quality design sustainable drainage system (SuDS) that would, as far as possible, 

replicate the existing hydrological regime supporting Wolborough Fen so that any impacts on the 

SSSI that are not significant in EIA terms.   

7.1.1.2 That is to say, the integrity of the site should not be affected and any impacts on designated features 

would at worst, be minor and temporary. 

7.1.1.3 The strategy should aim to meet the following objectives.  

1 Maintain, within each sub-catchment affected by the development, the overall pre-development rate 

of infiltration to the Aller Gravel aquifer, so that impacts on the flow rate and chemical 

characteristics of groundwater seepages that support the designated features within Wolborough 

Fen SSSI are not significant. 

2 Integrate a range of appropriate SuDS components into the fabric of the development, to achieve 

distributed groundwater recharge and provide multiple water quality, bio-diversity and amenity 

benefits (in addition to meeting flood risk management objectives). 

3 The SuDS design should be of a high quality, reflect current best practice and, where opportunities 

arise, make use of appropriate, innovative techniques that can provide inspiration for future 

development within Teignbridge and the surrounding area. 

7.1.1.4 The development and its associated drainage scheme would be permanent features; therefore it is critical 

that any measures to protect Wolborough Fen would be permanently effective.  Under the National 

Planning Policy Framework, SuDS should be provided for major developments
5
 unless demonstrated to 

be inappropriate.  Furthermore, “developers need to ensure their design takes account of the construction, 

operation and maintenance requirements of both surface and subsurface components, allowing for any 

personnel, vehicle or machinery access required to undertake this work. Any sustainable drainage system 

should be designed so that the capacity takes account of the likely impacts of climate change and likely 

changes in impermeable area within the development over its lifetime and continues to provide effective 

drainage for properties”
6
. 

7.1.1.5 The planning authority must “ensure through the use of planning conditions or planning obligations that 

there are clear arrangements in place for ongoing maintenance over the lifetime of the development. The 

sustainable drainage system should be designed to ensure that the maintenance and operation 

requirements are economically proportionate”
7
. 

7.1.1.6 The drainage strategy should: 

 ensure that throughout the NA3 development, but particularly across the western slope of the 

Wolborough Fen catchment, groundwater recharge to the Aller Gravel aquifer is maximised and 

evenly distributed; 

 maintain existing discharges to surface water features;  

                                                      
5
 As defined in the Town and Country Planning (Development Management Procedure) (England) Order 2015 

6
 Planning Practice Guidance paragraphs 79 and 85 http://planningguidance.communities.gov.uk/blog/guidance/flood-risk-and-

coastal-change/reducing-the-causes-and-impacts-of-flooding/why-are-sustainable-drainage-systems-important/ 
7
 House of Commons: Written Statement (HCWS161) http://www.parliament.uk/documents/commons-vote-

office/December%202014/18%20December/6.%20DCLG-sustainable-drainage-systems.pdf 
 

http://planningguidance.communities.gov.uk/blog/guidance/flood-risk-and-coastal-change/reducing-the-causes-and-impacts-of-flooding/why-are-sustainable-drainage-systems-important/
http://planningguidance.communities.gov.uk/blog/guidance/flood-risk-and-coastal-change/reducing-the-causes-and-impacts-of-flooding/why-are-sustainable-drainage-systems-important/
http://www.parliament.uk/documents/commons-vote-office/December%202014/18%20December/6.%20DCLG-sustainable-drainage-systems.pdf
http://www.parliament.uk/documents/commons-vote-office/December%202014/18%20December/6.%20DCLG-sustainable-drainage-systems.pdf
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 set out a plan for the long-term ownership, management and maintenance of the proposed scheme, 

that will ensure permanent protection for Wolborough Fen; 

 consider the use of legal agreements (such as planning obligations set out in the Section 106 

agreement or planning conditions), stipulating how SuDS components should be maintained and / 

or protected by future landowners; 

 be supported by ground investigation data and calculations demonstrating that the proposed 

drainage measures would be feasible to construct on the site (which lies on a fairly steep slope); 

and, would drain the site effectively; 

 mitigate uncertainty, by including fall-back options that would ensure the drainage strategy 

objectives could be met through alternative SuDS measures, in the event that further data collection 

(see Section 7.5) indicates the proposed design would not be feasible (e.g. due to high winter 

groundwater levels or steep gradients); 

 consider combining plot-level and development-scale SuDS components, to distribute recharge as 

evenly as possible and, avoid over-reliance on any single component;  

 consider the use of multiple small attenuation basins to minimise the potential for ground stability 

issues or creation of reservoirs that require management under the Reservoirs Act; 

 include a robust assessment of catchment hydrology and surface water runoff using industry 

accepted approaches; and: 

 analysis of the intensity, duration and frequency of rainfall events that would assist in determining 

an acceptable half emptying time for the infiltration basins on the development site.    

7.2 SuDS Design Considerations 

7.2.1 SuDS Design Requirements 

7.2.1.1 SuDS are designed to replicate pre-development discharge rates, volumes and conveyance methods as 

far as practical by capturing, storing and releasing surface runoff. A key element of the proposed NA3 

development will be the use of SuDS schemes with multiple components, as part of an interconnected 

system that is designed to manage, treat and make best use of the water, to enhance the development 

and the local environment. 

7.2.1.2 The sensitive environment downstream of the site at Wolborough Fen SSSI requires a precautious 

approach that ensures the development does not impede groundwater recharge once the site is 

developed. The use of SuDS should also aim to improve the quality of the surface water runoff to be 

received by Wolborough Fen.  Infiltration systems, that allow groundwater recharge to be distributed 

evenly across the site, with potentially a small number of surface water discharge connections to the local 

drainage network, would be most appropriate for this development.      

7.2.1.3 The SuDS scheme would need to meet the requirements of NPPF
8
 (2012), the associated guidance

9
 and 

the Climate Change Guidance
10

 (2016). Therefore attenuation of the additional surface water flow 

generated from the proposed development for the 1 in 100 year plus climate change allowance would be 

required.  The outflow from these storage systems should be restricted to the existing greenfield Qbar 

rate.  

                                                      
8
 National Planning Policy Framework, (Department for Communities and Local Government, 2012) 

http://planningguidance.communities.gov.uk/blog/policy/ 
9
 Planning Practice Guidance (PPG) for Flood Risk and Coastal Change (Department for Communities and Local Government, 

updated 15 April 2015) http://planningguidance.communities.gov.uk/blog/guidance/flood-risk-and-coastal-change/ 
10

 Flood risk assessments: climate change allowances – www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 

http://planningguidance.communities.gov.uk/blog/policy/
http://planningguidance.communities.gov.uk/blog/guidance/flood-risk-and-coastal-change/
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7.2.1.4 Section 7.2.2 below identifies some available techniques that could be used within the NA3 development 

and case studies demonstrating what can be achieved are provided in Section 7.3.Research and 

innovation is ongoing within the industry therefore additional new techniques may be available, that could 

place the Wolborough development at the forefront of SuDS design.   

7.2.1.5 There is further SuDS design information available in the CIRIA Suds Manual 2015 (C753)
11

, which 

contains a section concerning the application of SuDS to sloping sites in chapter 8 (on page 134). 

7.2.2 SuDS Suitability 

7.2.2.1 The selection of appropriate SuDS on any site is influenced by the ground conditions. Ground 

investigations have demonstrated that it would be feasible to use infiltration features within the NA3 

development area.  Infiltration SuDS allow precipitation to infiltrate through the surface and into underlying 

layers. The flow of water is attenuated before infiltration to the ground, reuse or discharge to a 

watercourse or other drainage system.    

7.2.2.2 Maximising groundwater recharge across the development area is considered to be essential for the 

protection of the SSSI, therefore the use of infiltration SuDS that achieve this should be prioritised within 

the development drainage strategy.   

7.2.2.3 Above ground storage can also allow natural processes to break down pollutants, encourage plant and 

wildlife bio-diversity and, assist in the development of local amenity spaces.  Developers should therefore 

maximise the use of open green space that would be suitable for infiltration ponds and above ground 

attenuation features, to develop SuDS that fulfil the needs of the SSSI and provide multiple benefits for the 

community and local environment.  

7.2.2.4 SuDS approaches that are unlikely to be suitable for use within Catchment C are those: 

 which encourage loss of water through evapotranspiration; 

 with minimal potential for groundwater recharge distributed evenly across the site; or  

 that discharge at either a single point or to only one area of the proposed development.      

7.2.2.5 SuDS that could contribute to groundwater recharge on the site as part of an integrated system (i.e. not in 

isolation) are identified in Table 7.1, along with measures that are likely to be compatible and incompatible 

with the identified drainage objectives (note this list is not exhaustive).  

Table 7.1 SuDS components potentially suitable for use within NA3 Wolborough Catchment C 

SuDS with Infiltration Potential Compatible SuDS Incompatible SuDS 

 Infiltration basins 

 Soakaways 

 Geocellular infiltration crates 

 Infiltration blankets and trenches 

 Swales 

 Permeable Paving 

 Infiltration detention Basins 

 Filter strips and drains 

 Bioretention systems 

 Ponds and Wetlands 

 Rainwater harvesting systems 

 Green Roofs 

 Trees planted within infiltration 

SuDS 

 Sub-surface solid attenuation 

storage tanks 

 

 

7.2.3 SuDS Maintenance and Management Responsibilities  

7.2.3.1 The maintenance and management of SuDS will be an ongoing issue throughout the lifetime of any 

development. Maintenance and management arrangements need to be agreed in advance of their 

construction and the responsible organisations need to recognise and accept of their role.  

                                                      
11

 The CIRIA SUDS Manual 2015 C753 (CIRIA 2015) 
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7.2.3.2 Under in Article 2(1) of the Town and Country Planning (Development Management Procedure) (England) 

Order 2010), major developments comprising more than ten residential properties (or equivalent non-

residential or mixed development) must submit a SuDS design for approval alongside the planning 

application.  This must demonstrate that the proposed system meets technical standards and, make it 

clear how the system would be maintained over its lifetime. 

7.2.3.3 The responsibility for property level SuDS maintenance rests with the owner and occupier of the property. 

Traditional surface water sewers and lateral drains can be adopted (subject to design requirements being 

met and agreement) by the local water and sewerage company.  Further information can be found in 

Sewers for Adoption
12

.  

7.2.3.4 For SuDS serving one or more properties, and particularly those that are visible on the surface and 

integrated into the wider landscape, there are a variety of management options available. Some local 

authorities may want to take on responsibility for the maintenance of SuDS as part of their wider public 

open space and amenity management function and/or where SuDS provides advantages for the wider 

community. These options are summarised in Table 7.2.  

Table 7.2 Extract from ‘Sustainable Drainage Systems (SuDS) Maintenance and Adoption Options (England)’ 2015 

(www.susdrain.org) 

Management 

Option 
Summary Possible Risks 

Local Authority 

Section 106 

Agreement 

Simple approach with maintainer funding certainty.  

Contributions can require commuted sums to be paid towards matters which are 

directly related to the development involved.  

 

This is a frequently used approach 

 

The finite commuted sum is agreed for a defined period, typically calculated over a 

duration shorter than the lifetime of the development, and so risks creating a future 

unfunded liability unless revenue allowances are made from elsewhere in the Local 

Authority.  

Unspent Section 106 funds may be required to be returned to the developer after the 

specified time period.   

Medium risk  

 

Public authority 

adopter but finite 

funding.  

 

Local Authority 

Occupier 

charging  

 

Local Authorities can provide and charge occupiers for non-statutory services such as 

SuDS maintenance. Charging avoids developers incurring a one-off significant cost 

and passes the cost of maintenance to those property occupiers benefiting over time 

however there is a risk of non-payment.  

 

A Local Authority has used Section 123 of the Local Government Act 1972 to enter 

into contract with the developers for shared-SuDS on Local Authority retained land. 

The Local Authority then relied on its powers under Section 111 of the Local 

Government Act 1972 for the ongoing maintenance liability. They have also employed 

the Property Act 1925 which provides for the situation whereby a estate rent charge is 

placed on defined properties and costs recouped for defined activities with an 

agreement defining that costs can be reviewed after a defined period.  

 

Other occupier charging approaches are available such as utilising the Localism Act 

and a Local Authority could form a SuDS management company. 

Low risk  

 

Public authority 

adopter but ongoing 

funding (provided 

suitable legal 

agreement).  

 

                                                      
12

 Sewers for Adoption 7th Edition - A Design & Construction Guide for Developer.  WRc, 2012. 
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Local 

Highways 

Authority  

Section 38 

(and / or 

Section 278) 

Highways Act 

SuDS are also appropriate to drain the publicly maintained highway – the adoption of 

highway constructed by others is dealt with by agreement under Section 38 of the 

Highways Act 1980 (and Section 278 as necessary). In terms of drains, there is no 

clear definition on what can be adopted other than guidance from Section 264 of the 

Highways Act which provides that on the adoption of a road then the drains belonging 

to that road vest in the highway authority. Section 115 of the WIA provisions allow a 

Highway Authority to adopt a highway drain if it was also intended to convey survey 

water generally into the sewerage system. Land outside the highway can be adopted 

if it benefits the highway i.e. drainage channels.  

 

Some Local Authorities have entertained developers seeking the adoption SuDS 

serving the highway, within the highway boundary, or forming an integral part of a 

road being offered for adoption by voluntarily entering into agreement under Section 

38 of the Highways Act 1980, financed by a commuted sum. Section 38 agreements 

can include provision for the construction to be monitored and inspected.  

Medium risk  

 

Public authority but 

finite funding.  

Private 

Maintenance 

Company or 

Holding 

Company 

Householders pay annual service charge or commuted sum paid by the developer to 

the Maintenance Company  

 

Maintenance Companies are often set up to manage public spaces on new 

developments and maintenance of sustainable drainage systems could be added to 

their remit. Under this option householders and premises occupiers would pay for 

sustainable drainage systems maintenance as part of the annual service charge or 

equivalent outdoor space service charges that they pay to cover a range of activities.  

 

Management company funded by annual payment by way of service charge/rent in a 

sum to be agreed which may be reviewed each year. Collected by or on behalf of the 

management company from each occupier.  

 

The buyer of a dwelling becomes a member or shareholder of the management 

company. Management company appoints third party company  

to be responsible for maintenance of SuDS in accordance with a management 

company.  

 

Some Local Authorities prefer to not undertake the maintenance themselves and will 

require a third party management company to be employed.  

Medium risk  

 

Private company with 

risk of financial 

insolvency.  

 

No public authority 

safeguard that SuDS 

to be maintained as 

designed for lifetime 

of development.  

Water and 

Sewerage 

Companies 

(WaSC) 

Section 104 

Water Industry 

Act  

 

By agreement, developer build (or contribute to) SuDS that WaSC subsequently 

owns. Included within ordinary charging.  

 

WaSC have powers under the Water Industry Act Section 104 to adopt sewers 

through a vesting declaration, normally carried out upon the completion of works in 

accordance with the terms of an adoption agreement.  

 

Some SuDS components may not be considered as adoptable sewerage assets. 

WaSCs have concern about their ability to adopt some types of SuDS as a ‘sewer’ 

under the WIA.  

 

Many SuDS components require comparable maintenance activities to the WaSC 

regulated asset base.  

Some WaSCs have a mature policy and guidance for SuDS adoption.  

Low risk  

 

Adopted by 

organisation with 

regulated charging 

regime.  

 

 

7.3 Exemplar SuDS Scheme Case Studies  

7.3.1.1 The key drainage objectives relating to the development of NA3 (Catchment C) should be achieved 

through the innovative use of available SuDS components that would sustainably enhance both the 

natural and urban environment.   
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7.3.1.2 Selected case studies are presented below for high quality SuDS schemes that demonstrate how a variety 

of components can be integrated into the fabric of the site, to provide multiple water treatment and 

amenity benefits.  The NA3 development SuDS should be designed and constructed to similarly high 

standards.   

 Lamb Drove, Cambridgeshire
13

 

 Elvetham Heath, Hampshire
14

 

 Nottingham Greening Streets, Nottingham 
15

 

7.3.1.3 More details and many further examples are available on the Susdrain website (www.susdrain.org).  

7.3.2 Lamb Drove, Cambourne, Cambridgeshire (2006) 

7.3.2.1 Lamb Drove is a residential development of 35 affordable homes (developed and owned by Cambridge 

Housing Society) on a one hectare site. The aim of the Lamb Drove SuDS scheme was to showcase 

practical and innovative sustainable water management techniques (incorporating SuDS and property 

flood resilience and resistance) within new residential developments. The project intended to demonstrate 

that SuDS are a viable and attractive alternative to more traditional forms of drainage and to deliver 

practical solutions for new housing areas. A range of SuDS components were used which included water 

butts, permeable paving, a green roof, swales, filter strips, detention and wetland basins and a retention 

pond. Whist the clayey soils beneath the site are not sufficiently permeable for soakaways, soft and open 

SuDS have been used to maximise infiltration. The scheme is illustrated in Figure 7.1. 

7.3.2.2 At Lamb Drove components and features have been kept simple, natural and visible. The aim is to control 

runoff by starting as close as possible to its source. The use of source control features within the housing 

development areas manages most pollution and, deals with the day-to-day runoff storage requirements.  

 Roofwater is collected in water butts, for use in gardens, or flows directly or through filter strips to 

grass swales or underdrained swales.  

 Rain falling on the residential roads or paths will pass through the permeable block paving, where it 

is filtered and stored in the permeable layer of crushed rock below, or flows into under-drained 

swales where water is treated and conveyed.  

 Water then travels downstream through a series of swales (incorporating check dams), detention 

basins and wetlands till it reaches a final retention pond.  

 Here it is stored before being released to a local drainage ditch outside the development site.  

 

                                                      
13

 http://www.susdrain.org/case-studies/case_studies/lamb_drove_residential_suds_scheme_cambourne.html 
14

 http://www.susdrain.org/case-studies/case_studies/elvetham_heath_residential_hampshire.html 
15

 http://www.susdrain.org/case-studies/case_studies/nottingham_greening_streets_retrofit_rain_garden_project.html 

file:///C:/Users/304391/Box%20Sync/PB4806%20WolboroughHA/PB4806%20WolboroughHA%20Team/PB4806%20Technical%20Data/T3_Report_Preparation/Technical%20Report/www.susdrain.org
http://www.susdrain.org/case-studies/case_studies/lamb_drove_residential_suds_scheme_cambourne.html
http://www.susdrain.org/case-studies/case_studies/elvetham_heath_residential_hampshire.html
http://www.susdrain.org/case-studies/case_studies/nottingham_greening_streets_retrofit_rain_garden_project.html
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Figure 7.1 Lamb Drove SuDS Plan (Cambridge SUDS Design and Adoption Guide www.cambridge.gov.uk) 

 

7.3.2.3 When the capacity of source control components are exceeded the excess water is safely stored and 

treated in larger SuDS components integrated within public open space until the flood risk has passed. 

Such components also contribute to the provision of green space, green infrastructure, visual amenity and 

promoting wildlife. Throughout the site, blockage free and simple flow control structures as well as 

overland flow paths were provided to cater for more extreme flood events.  

7.3.2.4 Whilst Lamb Grove is a relatively flat residential site, it demonstrates very effectively, how a diverse range 

of SuDS components can be integrated to form a SuDS that is built into the fabric of a development.  

7.3.2.5 For steeper sloping sites such as Wolborough, it is still possible to design an integrated SuDS scheme, 

subject to ground stability checks for infiltration components. Check dams and staged storage can be 

used to slow the run off. Alternatively, designing a system that contains bioretention, rain gardens and 

wetlands that are terraced could be considered.    
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7.3.3 Elvetham Heath, Fleet, Hampshire (1999) 

7.3.3.1 Elvetham Heath comprises a 63 ha residential development with 1868 dwellings with a school, village 

centre, large retail outlet, park and ride and sports pitches. The SUDS scheme is designed to operate 

within the boundaries of the development with two stages of treatment. The scheme includes a final 

retention pond which is surrounded by a park area to 

form the village pond and will be used for amenity 

purposes. The SuDS system discharges into a 

sensitive watercourse in a nature reserve. 

7.3.3.2 The drainage strategy employs soakaway systems to 

drain the areas of high ground and uses swales/linear 

ponds (Figure 7.2) for conveyance in the flattest 

areas, with small detention basins scattered through 

the site to provide attenuation storage and encourage 

infiltration, to reduce the volume of runoff (approx. two 

thirds of the site). Standard stormwater pipework was 

used to drain most of the residential and commercial 

areas into a retention pond built immediately upstream 

of the nature reserve. Unlike the basins, the pond was 

lined. The detention basins were designed to be 

relatively shallow to encourage infiltration. 

7.3.4 Nottingham Greening Streets (2013) 

7.3.4.1 Nottingham Greening Streets is a retrofit rain garden installed in a residential street, located adjacent to a 

watercourse suffering from diffuse urban pollution.  The project demonstrates some of the principles and 

concepts of a street level rain garden that could be considered in a high quality greenfield residential 

development scenario, such as Wolborough.  

7.3.4.2 Linear rain gardens (Figure 7.3) with a total volume of 148m
2
 were constructed within the grass verge. 

The rain gardens use a combination of clean stone aggregate and proprietary units to create void space 

beneath a planted topsoil layer. The scheme was designed to manage surface water runoff from a 1:30 

year event and to always intercept and treat the, often more polluted, first flush of highway runoff. Existing 

highway gullies were retained to allow for overflow when the rain gardens reach capacity. 

7.3.4.3 Proprietary water attenuation cells 

were a key part of the initial design as 

they provide significantly higher void 

space capacity than clean stone. 

However, budget constrains meant 

that the actual use of proprietary cells 

was reduced in favour of stone fill in a 

number of gardens. The cost of 

maintaining the vegetation is offset by 

the reduction in mowing of the former 

grass verges. 

Figure 7.3 Completed Raingarden in Nottingham Greening Street Scheme 

(www.susdrain.org) 

 

Figure 7.2 Detention basin at Elvetham Heath 

Development (Susdrain Website www.susdrain.org) 
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7.4 Construction Phase Precautions  

7.4.1.1 Should the development go ahead, ground works and construction activities would disturb the existing 

drainage regime and are likely, if unmitigated, to lead to a minor increase in the amount of siltation and 

sediment transport occurring within the catchment.   

7.4.1.2 Surface water drainage and attenuation would be needed from the start of construction, to manage the 

surface water runoff volume and quality to maintain and protect Wolborough Fen during construction. The 

phasing of the site works should be undertaken in a manner that ensures the current hydrological regime 

is maintained during construction. Once the site is operational, an improvement in the surface water 

quality would be expected.  

7.4.1.3 Steps also should be taken to ensure that groundwater recharge and quality are maintained throughout 

construction, until the infiltration drainage systems are commissioned.   

7.4.1.4 Groundwater and surface water monitoring would be required to alert the developer to any potential 

adverse impacts and to demonstrate that these have been adequately mitigated. 

7.5 Data Collection and Assessment  

7.5.1.1 It has been established (in Sections 5 and 6) that additional data (over and above that which has been 

reviewed) would be required at the outline planning stage, to enable a robust environmental impact 

assessment and demonstrate that the submitted drainage strategy would be effective.  This information 

would also be needed at reserved matters stage, to verify the findings of the impact assessment and 

inform the detailed drainage design.   

7.5.1.2 A Pre-construction Ground Investigation and Monitoring Strategy should therefore be submitted with the 

outline planning application, detailing the proposed scope of monitoring and explaining the rationale 

behind specific proposals.   

7.5.1.3 It is envisaged that (as a minimum) the following datasets would be needed.   

 A coordinated programme of groundwater level monitoring, incorporating boreholes within the SSSI 

and wider catchment (note that the installation of additional deep boreholes, proving the depth of 

the Upper Greensand and allowing groundwater level measurement at the top of the catchment 

may be necessary). 

 Surface water and groundwater quality sampling and analysis, to enable characterisation 

groundwater within the catchment and discharges within the SSSI, and establish a baseline for 

nutrient (phosphate and nitrate) and potential contaminant inputs. 

 Groundwater monitoring in the proposed locations for infiltration devices for at least twelve months 

to confirm that groundwater does not rise to within 1m of their base levels.  

 Flow monitoring in the northern boundary stream.  

 Rainfall measurement at or close to the catchment. 

 Soakage testing (using BRE 365 method) at locations where significant infiltration features are 

proposed. 

7.5.1.4 All of the above should take account of seasonal and longer-term, inter-annual variability, so monitoring 

must be conducted at an appropriate frequency, over a suitable timescale.  Pre-construction baseline 

datasets should therefore extend over at least 12 months but preferably, several years.     

7.5.1.5 Should planning permission be granted, a Construction and Operational Phase Monitoring Plan should be 

submitted to the regulators (TDC and the Environment Agency) for approval.  The plan should detail 

proposals for gathering data and, assessment criteria that would alert the developer to potential impacts 
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during construction or, as a result of the finished development.  The plan should be based on the findings 

of the EIA and associated monitoring, but is likely to include measurement of surface water quality and 

flow and, groundwater quality and level.   

7.5.1.6 During construction the regulators should be advised of any breach of impact assessment criteria and the 

investigative or remedial measures undertaken in response to the breach.  Following construction, a 

Construction Phase Interpretative Report should be submitted for regulatory approval.   

7.5.1.7 Monitoring should continue for a minimum of 12 months post-construction, with Operational Phase 

Interpretative Reports being submitted annually until the regulators are satisfied that the any impact 

mitigation measures are working effectively.  

7.5.2 Key Points 

7.5.2.1 The NA3 development drainage strategy should aim to create an exemplar sustainable drainage system 

(SuDS) that would, as far as possible, replicate the existing hydrological regime supporting Wolborough 

Fen, by adhering to the objectives and requirements set out in Section 7.1. 

7.5.2.2 Developers should maximise the use of open green space that would be suitable for infiltration ponds and 

above ground attenuation features, to develop SuDS that fulfil the needs of the SSSI and provide multiple 

benefits for the community and local environment. Case-study examples are provided in Section 7.3 

7.5.2.3 SuDS approaches that are unlikely to be suitable for use within Catchment C are those: 

 which encourage loss of water through evapotranspiration; 

 with minimal potential for groundwater recharge distributed evenly across the site; or,  

 that discharge at either a single point or to only one area of the proposed development.      

7.5.2.4 The drainage strategy must set out the long-term maintenance and management arrangements for SuDS.  

This is particularly important for any communal systems, which are susceptible over time to piecemeal 

householder developments that can impact on their effectiveness. 

7.5.2.5 Precautions and monitoring would be necessary during construction to prevent adverse impacts on 

surface water quality and groundwater recharge (see Section 7.4). 

7.5.2.6 A Pre-construction Ground Investigation and Monitoring Strategy should be submitted with the outline 

planning application to ensure that adequate hydrological and water quality data are available to inform 

the environmental impact assessment and drainage strategy; and, future detailed planning applications 

(See Section 7.5). 

7.5.2.7 Should planning permission be granted, a Construction and Operational Phase Monitoring Plan, based on 

the findings of the EIA, should be submitted to the regulators for approval.  The plan should detail 

proposals for gathering data and, assessment criteria that would alert the developer to potential impacts 

during construction or, as a result of the finished development.   

7.5.2.1 Following construction, a Construction Phase Interpretative Report should be submitted for regulatory 

approval.  Monitoring should continue for a minimum of 12 months post-construction, with Operational 

Phase Interpretative Reports being submitted annually until the regulators are satisfied that the any impact 

mitigation measures are working effectively. 
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Appendix 1 Technical Review 

A1.1 Wolborough Fen Eco-Hydrological Studies  

A1.1.1 Overview 

A1.1.1.1 The following two reports were prepared for DWT jointly by Roger Meade Associates (RMA) and Rigare 

Ltd (Rob Low): 

 Ecohydrological characterisation and assessment of Wolborough Fen SSSI, Newton Abbot, Devon 

(Rigare, 2015); 

A1.1.1.2 Eco-hydrological distribution of NVC plant communities and selected plant species. Wolborough Fen, 

Devon (RMA, 2015). 

A1.1.1.3 Together, the studies characterise the vegetation, soils and hydrogeology of the SSSI, and provide 

recommendations for maintaining and enhancing the characteristics for which the site is designated.   

A1.1.1.4 The studies incorporate a review of previous investigations at the site and fieldwork comprising a 

vegetation survey, soil / groundwater level monitoring; and, water quality monitoring.  The results of the 

vegetation survey are used (in Meade, 2015) to characterise the soils and hydrological mechanisms at the 

site in accordance with the WETMECS classification system for assessing impacts at statutory wetland 

site in England and Wales.  This understanding is combined with hydrological field data and geological 

information from the surrounding area to develop a conceptual site model (CSM) (presented in Rigare, 

2015) to describe the hydrogeological functioning of the site. 

A1.1.2 Summary of Findings 

A1.1.2.1 The hydrogeological conceptual model assumes that the Aller Gravel Formation and Upper Greensand 

Formation are hydraulically connected and, that the groundwater catchment for the SSSI is likely to be 

very similar to the topographic surface water catchment.  The groundwater recharge area for the SSSI 

would therefore include the western arable and, southern wooded slopes of the basin.   

A1.1.2.2 The exact locations and quality of groundwater discharges within the SSSI are thought to be controlled by 

the presence of clay bands within the Aller Gravel and the thickness of the peat deposits, which varies 

across the SSSI.  Both the clay bands and the peat (except where it is thin) are thought to restrict vertical 

groundwater flow.  Evidence for this is found in historical borehole records which include observations of 

artesian groundwater conditions at the Decoy Brake borehole, located at the western end of the SSSI. 

A1.1.2.3 Locally, soil water levels within the peat may be controlled by drainage ditches that traverse the SSSI 

towards the north east, draining into the stream which flows from west to east along the northern boundary 

of the SSSI.  The conceptual model is summarised in Figure A 1. 
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Figure A 1 Rigare conceptual site model (Rigare, 2015) 

 
 

A1.1.2.4 The site is divided into three eco-hydrological zones, as shown in Figure A 2: 

 Central and south-eastern seepage face  

A1.1.2.5 The Aller Gravel is overlain by peat deposits and the Bovey formation, both of which are poorly 

permeable. It is likely that a spring line originally formed at the boundary between the Aller Gravel and 

Bovey formations and migrated upslope as peat developed through the Holocene.  The lower and mid 

sections of the seepage slope are considered to be analogous to WETMECs 10 and 11 respectively.  

Water tables may be locally lowered by ditches cut into the peat. 

 Western rheotopogenous area 

A1.1.2.6 Underlain wholly by the Aller Gravel, groundwater discharges occur throughout this area but 

predominantly at the western, up-slope end. Although crossed by several watercourses, these do not 

appear to be impacting on groundwater levels. 

 Northern dry area 

A1.1.2.7 There are no groundwater discharges in this area due to it being underlain by the Bovey Formation and 

because any lateral seepage through the soil is being collected by up-slope ditches. 
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Figure A 2  Eco-hydrological zones (Rigare, 2015) 

 
 

A1.1.2.8 Field measurements of water quality were taken during June 2014 and samples were collected for 

laboratory analysis during August 2014.  It is stated that the August 2014 samples were of limited value 

because heavy rainfall during the sampling resulted in their containing a high proportion of surface runoff 

compared to groundwater.  Despite this, the authors note that one sample collected at the north-western 

site boundary contained nitrate at a concentration very close to the 5 mg/l threshold recommended for 

sites of this type. It is suggested that the arable fields to the west may be the source of the nitrate.  It is 

also noted that because this watercourse is channelled along the site boundary it has little influence on 

vegetation (i.e. it lies downstream of the SSSI). 

A1.1.2.9 Water quality data from previous studies and field measurements taken in June 2014 indicate higher 

values of pH and electrical conductivity (EC) at the lower elevation, western and northern margins of the 

SSSI than along the higher elevation, southern margin.   This is explained by the following hypothesis. 

 Groundwater discharging at the lower elevations has become more chemically altered (exhibiting 

higher pH and EC) due to a longer residence time within the aquifer, compared with discharges at 

higher elevations, which have chemical characteristics closer to those of rainwater (which, as a 

weak acid has a lower pH).  

 The clay bands within the Aller Gravel are laterally extensive and constrain groundwater flow, 

resulting in hydraulic compartmentalisation of the aquifer. 

 Peat deposits limit groundwater discharge in the centre of the site except where they are thin or 

incised by drainage ditches. 

 Lower elevation discharges may also be influenced by the geochemistry of the Upper Greensand 

formation, if this is in hydraulic continuity with the lower part of the Aller Gravel formation.  

 

A1.1.2.10 It is acknowledged that the higher elevation peat deposits could be dependent solely on rainfall but this is 

considered to be unlikely, due to the water samples having been collected from perennial seepages, 

which are “almost certainly” fed by groundwater from the Aller Gravel.  

A1.1.2.11 The implication of this finding for the development is that maintaining the spatial variably of discharge 

water quality could be dependent on maintaining recharge at all levels within the catchment. 
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A1.1.2.12 It is noted that historical mapping suggests an increase in woodland cover on the catchment’s southern 

slopes may have occurred since the development of peat environment, which would have impacted on the 

volume of groundwater discharge at the SSSI (due to increased interception and evapotranspiration 

compared to arable land or pasture). 

A1.1.2.13 The studies conclude that groundwater within the Aller Gravel (possibly supported by flow from the 

underlying Upper Greensand) is the most important source of water for the SSSI.  Surface runoff and 

incident precipitation are considered to be less important for maintaining the features of the site, which rely 

on groundwater seepage and water-logged soils.   

A1.1.2.14 There is some ecological evidence for nutrient enrichment of the western wet woodland area, which may 

be due to runoff from the arable land to the west.  However, no runoff from this area was observed during 

site visits undertaken when runoff was evident at other locations.  The main concern with respect to runoff 

is the deposition of sediment eroded from forest tracks at the foot of the valley.   

A1.1.2.15 With regard to the NA3 development, a number of risks are identified, associated with changes to the 

recharge / runoff characteristics and the potential for surface water and groundwater pollution due to 

development of the western slope of the catchment.  The access road and green infrastructure proposals 

are not considered to pose a threat to the SSSI.   

A1.1.2.16 The authors conclude that “whilst it would theoretically be possible to design the developments to have a 

minimal effect on near-surface hydrological processes…. the fact that it is proposed to cover a large 

majority of the water catchment to the western part of the SSSI with urban and suburban development 

makes it difficult to see how the character of water supply to this part of the site would not be changed.  

Whether any such changes would be eco-hydrologically significant to the valued habitats within the SSSI 

would be a further consideration”. 

A1.1.2.17 The studies identify a number of uncertainties relating to the availability of data and recommend (amongst 

other possible measures to enhance the condition of the site) that further water level and quality 

monitoring be undertaken so that a baseline may be established to inform the NA3 environmental impact 

assessments.  Other relevant management options are to reduce surface runoff entering the SSSI and the 

removal of woodland from the groundwater catchment, to increase infiltration and groundwater recharge. 

A1.1.3 Data Quality and Availability 

A1.1.3.1 The studies did not attempt to measure flow in any of the surface watercourses.  Although some flow 

estimates are given for June 2014, since the method of measurement is not described it is suspected 

these are visual estimates. 

A1.1.3.2  Water quality data for the samples collected in August 2014 were influenced by surface runoff and have 

not been relied upon in the report.  Instead the authors comment on field measurements of pH and 

conductivity taken during June 2014; and data reported by Rosser, 1987.  

A1.1.3.3 The report assumes that sediment deposited in the foot of the valley comprises natural soils and 

represents erosion of the catchment.  However, during the site visit undertaken by Royal HaskoningDHV 

in February 2016 it was evident that the deposited sediment comprised fill material emplaced to harden 

the tracks.  

A1.1.4 Assumptions and Uncertainties 

A1.1.4.1 The hydrogeological conceptual model is based on a reasonable amount of data obtained from the SSSI 

itself but very little from the catchment area (comprising published geological mapping and a single 

historical borehole log).  A number of assumptions have therefore been made to support the theory put 

forward to explain the spatial variability in water quality.  Key assumptions relevant to this review are as 

follows. 
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Table A 1 Key assumptions – Rigare, 2015 

Assumption Evidence 

Aller Gravel and Upper Greensand are in hydraulic continuity but 

hydrogeological characteristics of Upper Greensand will have 

little influence on SSSI 

Based on stratigraphic proximity of units and artesian 

conditions at Decoy Brake borehole, unsupported by  field 

data or literature 

Aller Gravel is highly permeable with high storage coefficient 

and high drainable porosity 

Based on lithological descriptions, unsupported by 

permeability test data or literature 

Lateral continuity of 0.3 m thick sandy clay horizons within the 

Aller Gravel (observed in the Decoy Brake borehole log) 

Based on a single historical borehole log (Decoy Brake), 

unsupported by field data or literature 

Hydraulic compartmentalisation of the Aller Gravel occurs due to 

laterally persistent sandy clay horizons, resulting in discrete 

groundwater discharge zones with specific water quality 

characteristics.  

Based on spatial variation in water quality and lateral 

continuity assumption.  There is no geological data to support 

the stratigraphic model and rainfall dependency is ruled out 

as an explanation for water quality variations, based on the 

assumption that seepages are all fed by groundwater from 

the Aller Gravel.  

Bovey Formation has poor permeability, low storage coefficient 

and low drainable porosity and therefore acts to confine 

groundwater in the underlying Aller Gravel formation. 

Based on lithological descriptions, unsupported by 

permeability test data or literature. 

Groundwater catchment is coincident with surface water 

catchment 

Based on geological outcrop pattern and topography, 

unsupported by groundwater level data. 

Afforestation of the SSSI has occurred over the course of the 

twentieth century, prior to which the land was open. 

Based on OS maps dating back to 1890, an anonymous 

pollen chart and peat cores.  The evidence for conditions 

which gave rise to peat generation and subsequent habitat 

development is scant and therefore open to interpretation. 

The western part of the SSSI may have been affected by 

nutrient enrichment caused by runoff or infiltration of fertilisers 

from the adjacent farmland.  

Based on observed species and conjecture, insufficient water 

quality data to verify this assertion. 

 

A1.2 Review of Water Level and Quality Data Collection from mid-2015 

A1.2.1 Overview 

A1.2.1.1 The following technical memorandum was prepared for DWT by Rigare Ltd: 

 Review of water level and quality data collection from mid-2015 (Rigare, 2016); 

A1.2.1.2 Recommendations from Rigare, 2015 included additional water quality sampling and installation of new 

piezometers at locations more suited to monitoring hydrological conditions within the key wetland habitat 

areas of the SSSI, than the existing dipwells, which were positioned close to the site boundaries. The note 

describes preliminary water level and quality data and the ongoing data collection programme, and makes 

further recommendations for monitoring that would be beneficial in light of the proposed NA3 

development. 

A1.2.2 Summary of Findings 

A1.2.2.1 Replacement dipwells (measuring the shallow soil water table) and piezometers (measuring groundwater 

pressure at depth) have been installed to monitor groundwater levels on a within the soil (peat) and Aller 

Gravel formation.  Measurements were taken on a monthly basis by the TDC ranger (Simon Cunningham) 

and monitoring of the existing installations has continued for a crossover period of six months, to allow 

correlation of the datasets. 
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A1.2.2.2 Water quality samples were collected in July 2015 (when the new dipwells were installed) and in January 

and March 2016.  Samples were analysed for major ions and nutrients.  

A1.2.2.3 The new dipwells all show an increase in soil water levels throughout the winter and the upward hydraulic 

gradient (higher pressure in the within the Aller Gravel than the overlying peat) has been maintained.  This 

continues to demonstrate that hydrological conditions are dominated by groundwater discharge fed by 

recharge higher in the catchment. 

A1.2.2.4 The report states that total major ion concentrations for the post-2014 samples are consistent with the 

high contribution of groundwater (as opposed to surface water) feeding the site and that differences in 

these concentrations between the western/northern and southern/eastern parts of the site are consistent 

with the theory presented in Meade and Low, 2016.  However, it is acknowledged that with only three 

reliable samples from each location, the data are difficult to interpret. 

A1.2.2.5 It is noted that surface water nitrate concentrations are generally very low (<1 mg/l NO3 as N) in post-2014 

samples and in all cases, are below the recommended (5 mg/l) threshold for mesotrophic fens. 

A1.2.2.6 Several recommendations are made to improve the quality and long-term usefulness of the data.  

Potential enhancements to the monitoring programme are also identified, that could contribute to 

establishing baseline conditions prior to commencement of the NA3 development.  These include: 

 Accurately surveying the elevation and location of all monitoring points  

 Continuation of monthly water level monitoring  

 high frequency monitoring of water levels and rainfall, to enable characterisation of the groundwater 

recharge and discharge dynamics;  

 continuous gauging of channelled flows within the site, to enable water balance calculations; and, 

 chemical analysis of water samples for potential pollutants. 

A1.2.2.7 It is suggested that some of the more expensive recommendations could be required by NE and DWT (as 

statutory consultees) as planning conditions for the NA3 development. 

A1.2.3 Data Quality and Availability 

A1.2.3.1 The rationale for positioning the dipwells and piezometers is not explained. However, it is stated that the 

locations are intended to provide coverage within the special interest areas and improve the usefulness of 

data collected from the old monitoring points.   

A1.2.3.2 It is assumed that surface water sample collection point 2 is incorrectly located on the plan as it is shown 

in the same position as point 1, on the north western boundary, but is meant to be representative of flows 

from the central part of the site. 

A1.2.3.3 The two dipwell-piezometer pairs are located in the western open fen, where the Aller Gravel is overlain 

directly by peat and, in the eastern fen close to the leat, where the Aller Gravel is overlain by the Bovey 

formation and peat.  This is presumably intended to enable comparison of the changes in upward 

hydraulic gradient between the two areas of the SSSI.  

A1.2.3.4 Three dipwells are located on a transect of the north-east flow ditch, presumably to examine whether this 

is causing local drawdown of groundwater levels. 

A1.2.3.5 Detailed water quality data are presented in a spreadsheet that was not provided with the report.  The 

major ion concentrations given in the report do appear to show some consistency between locations (as 

suggested) but significantly more data would be required to draw any firm conclusions regarding the 

provenance of the water. 
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A1.2.3.6 Continuation of the monitoring programme for at least 12 months should enable a reasonable 

understanding of the baseline groundwater flow conditions to be developed. However, this would be 

significantly improved if data collection were to be coordinated with water level measurements taken from 

the shallow boreholes installed in the surrounding area by GCEL.  The elevation of all water level 

monitoring locations should be established to enable determination of the hydraulic gradient and direction 

of groundwater flow. 

A1.2.4 Assumptions and Uncertainties 

A1.2.4.1 The monitoring programme is based on the conceptual model presented in Rigare, 2015 and does not 

take into account the findings of GCEL, 2016, which were not available at the time of writing. 

A1.3 NA3 Development Ground Investigation Report  

A1.3.1 Overview 

A1.3.1.1 The following documents were prepared by Geoconsulting Engineering Ltd and Panscape Environmental 

Consultants in support of the NA3 outline planning application: 

 Phase 1 Desk Study & Phase 2 Preliminary Intrusive Investigation Report, Wolborough Barton, 

Newton Abbot. (GCEL, 2016); 

 Phase 1 Review of Potential Ecohydrological Impacts of development adjacent to Wolborough Fen 

on the Ecological Value of the Site (Panscape, 2015). 

A1.3.1.2 The report deals with geotechnical and geo-environmental risks from and to the development as a whole, 

including the potential for sourcing construction aggregate from the Aller Gravel formation, and deals 

specifically with risks to the SSSI.  This is achieved by building on the conceptual model presented in 

Rigare, 2015 and addressing some of the assumptions and uncertainties raised by that study, in relation 

to the proposed development. 

A1.3.1.3 The report by Panscape forms an appendix to GCEL, 2015 and comprises a review of the Rigare, 2015 

findings, focusing on risks posed by the development and how these might be mitigated.     

A1.3.2 Summary of Findings 

Phase 1 Review of Potential Ecohydrological Impacts of development adjacent to Wolborough Fen 

on the Ecological Value of the Site  

A1.3.2.1 Key findings with respect to the eco-hydrological functioning of the site were similar to those of Rigare, 

2015 in that: 

 changing the recharge conditions and disrupting groundwater flow pathways within the catchment 

could affect the quality of water reaching the fen and hence, its nature conservation value; and 

 wetland nutrient dynamics are known to be complex and that to refine the current understanding 

would require long-term monitoring (as recommended by Rigare, 2015); however,  

 although the current impacts on the SSSI identified by Rigare, 2015 (i.e. sediment deposition due to 

runoff; ditches causing local drawdown; reduction of recharge due to afforestation of the catchment; 

and, nutrient enrichment due to farming practices) are often associated with wetland sites in 

general, there is little direct evidence for these affecting the fen, other than succession (changes in 

vegetation). 
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A1.3.2.2 With respect to development of the catchment area Panscape makes the following recommendations: 

 “large-scale change in land use on the upper catchment will produce changes to discharge 

volumes, their locations, duration, and chemical composition of the waters received within the SSSI. 

The appreciation of this can be useful in addressing suitable mitigation measures to ensure that 

existing conditions are retained with regard to the key drivers to enable the conservation of the fen.”  

 “The proposed change away from agriculture in the upper catchment will overcome the previously 

expressed concerns of nutrient enriched water entering the fen.” 

 in terms of SuDS design: “retention or enhancement of groundwater penetration within the higher 

levels of the development site to ensure recharge of groundwater within the upper catchment to 

ensure a long travel time within the Aller Gravels.” 

 with respect to existing drainage arrangements for the area of farm buildings located to the north of 

the development area: “The sub-catchment transfer of surface water run off currently draining from 

the Wolborough Barton area to holding ponds on the western boundary of the fen outside of the 

existing SSSI boundary. These ponds should also link to the storm runoff and lower elevation 

drainage network from the western fields and be in continuity with the groundwater. Ponds will need 

to be of a size to enable retention of storm flow run off to allow particle settlement and biological 

treatment of overland flows prior to percolation into the fen.”  

 “Suitable buffer vegetation strips will need to be developed outside the boundary of the SSSI 

between the holding ponds and the fen.” 

 “Opportunities to develop new wetland fen conditions within Decoy Brake should be explored to 

allow seepages from the Wolborough Barton area to be retained within the open wooded areas 

currently within the ownership of the developer but not identified as being scheduled for 

development.” 

 “Tree clearance to reduce succession within the fen is ongoing but will need to continue on a long-

term basis.” 

 “Works within the fen should include forming obstructions to reduce downslope drainage within the 

fen ditch system and raising the leat levels to elevate water levels within the SSSI.” 

 

Phase 1 Desk Study & Phase 2 Preliminary Intrusive Investigation Report 

A1.3.2.3 The ground investigation report (GCEL, 2016) describes, in detail, the geology and ground conditions of 

the proposed development area, which includes the Wolborough Fen catchment area.   

A1.3.2.4 The desk study draws on a range of data sources including the two eco-hydrological studies (Rigare, 2015 

and Panscape, 2016) and observations of the Aller Gravel formation made at Zig Zag and Royal Aller Vale 

quarries during April 2016.   

A1.3.2.5 The ground investigation was undertaken in two phases during October and December 2015 and 

comprised shallow (window sampler) boreholes, trial pits, trial pit soakage tests and three rounds of 

groundwater level monitoring (during October and November).  The investigation was confined to the NA3 

development area so did not include the southern slope of the SSSI catchment, which would remain as 

woodland. 

A1.3.2.6 Key findings regarding the ground conditions are: 

 Soakaway tests demonstrate variable permeability within the Aller Gravel, with results being either 

very low (test failed) or low.  However, the majority of tests undertaken on the western slope of the 

catchment were successful. 
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 Surface runoff infiltrated readily to the Aller Gravel following rainfall during the site investigation, 

suggesting that surface water inputs to the SSSI may be minimal. 

 Groundwater was encountered at 2-3 m depth during the investigation, within trial pits and 

boreholes situated at lower elevations, adjacent to the western and northern margins of the SSSI.  

Subsequent monitoring identified groundwater in higher elevation boreholes on the western slope. 

 The composition and fines content of the Aller Gravel varied spatially and with depth, with little 

evidence for lateral continuity of clay layers.  

 Water level information from the historical Decoy Brake borehole log indicates artesian groundwater 

conditions caused by the presence of clay layers (also identified by Rigare, 2015) which is 

interpreted, alongside evidence from the ground investigation, to be consistent with locally variable 

permeability.  

 Thick silt units observed (in quarry exposures) at the base of Aller Gravel formation may restrict 

hydraulic connectivity with the underlying Upper Greensand.  

A1.3.2.7 The geology of the Aller Gravel was found to be more complex than previously assumed (by Rigare, 

2015), comprising sands and gravels with varying clay and silt content, interspersed by discontinuous 

layers and lenses of silt and clay (as observed in quarry exposures – see Figure A 3).  As a result, the 

permeability of the formation varies spatially and vertically, which is demonstrated by the mixed results 

obtained from soakage tests.  

A1.3.2.8 The report concludes by addressing three of the three key assumptions of Rigare, 2015, identified in 

Table A 1: 

 the sandy clay layers assumed to be causing hydraulic compartmentalisation of the Aller Gravel are 

not likely to be laterally extensive so, whilst the aquifer does appear to by hydraulically 

compartmentalised, this is likely to be occurring locally rather than throughout the whole catchment 

area; 

 whilst there may be horizons or lenses of sand or gravel that are locally highly permeable, as a 

whole, the formation has a relatively low permeability due to the high silt and clay content; 

 due to the variable composition of the Aller Gravel and thick silt unit at its base, hydraulic 

connectivity between it and underlying Upper Greensand will be variable and complex, therefore it 

cannot be assumed that groundwater flows freely between the two formations.  

7.5.2.2 The hydrogeological conceptual model presented by GCEL therefore broadly reflects the findings of 

Rigare, 2015, in that the groundwater supply to the fen is reliant on infiltration to the Aller Gravel formation 

and, that water quality within the fen is likely to be dependent on its residence time within the aquifer prior 

to discharge.   The GCEL conceptual site model is illustrated in Figure A 4. 
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Figure A 3  Aller Gravel formation quarry exposures (GCEL, 2016) 

 

A1.1.1.1 Key recommendations for the development SuDS are to: 

 use a combination of infiltration and attenuation drainage to allow for the naturally variable ground 

conditions which, in some locations, are unsuitable for infiltration; 

 ensure that infiltration of surface runoff in the upper part of the catchment continues, and is 

enhanced if possible, so that the long aquifer residence time necessary for developing the chemical 

characteristics of groundwater emerging within the SSSI is maintained; 

 incorporate existing ponds located to the north of the SSSI so that additional water can be provided 

to the SSSI. 

A1.1.1.2 Further ground investigation is recommended, including infiltration testing to demonstrate the 

effectiveness of proposed soakaways once their locations have been determined.   

A1.1.1.3 Whilst the Aller Gravel is considered to be a potentially useful aggregate resource it is recommended that 

as much of this material as possible should be left in-situ, so as to minimise impacts on hydrology.  
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Figure A 4  GeoConsulting Engineering conceptual site model (GCEL, 2016) 
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A1.1.2 Data quality and availability 

A1.1.2.1 The desk study provides a thorough investigation of all available resources and is used to inform two 

phases of ground investigation, which have targeted in particular, the agricultural land on the western 

slope of the SSSI catchment.  The report makes use of existing studies and presents a credible 

hydrogeological conceptual model supported by field data.   

A1.1.2.2 The investigation did not include any deep boreholes to prove the thickness of the Aller Gravel or allow 

correlation of any deeper laterally extensive horizons.  However, considering that the base of the Aller 

Gravel lies at the top of the western catchment slope and that the ground investigation covered as much 

of this area as possible (given its steep gradient), it is considered that sufficient data are presented to 

support the conclusions drawn.   

A1.1.2.3 Limited groundwater level monitoring has been undertaken but since the boreholes have not been levelled 

to ordnance datum it is not possible to determine groundwater flow direction or hydraulic gradient (i.e. the 

level and slope of the water table). 

A1.1.2.4 There is no attempt to estimate a water budget for the SSSI, which would require significantly more data 

collection than has been undertaken. 

A1.1.2.5 Only limited ground investigation has been undertaken on the Aller Gravel Formation to the north-west of 

the SSSI.  Similarly, no boreholes have been installed in the development area to the south of the SSSI. 

Whilst these areas are outside the likely groundwater catchment boundary, recharge to the aquifer in 

these areas will affect the position of this boundary and may contribute to the overall flow into the SSSI.   

A1.1.3 Assumptions and uncertainties 

A1.1.3.1 The study addresses many of the uncertainties and assumptions arising from the work of Rigare, 2015; 

nevertheless, there are instances where data is open to interpretation and therefore conclusions are 

necessarily based on professional judgement.  Key assumptions are outlined in Table A 2. 

Table A 2 Key assumptions – GCEL, 2016 

Assumption Evidence 

Absence of laterally extensive clay 

horizons within the Aller Gravel. 

Trial pits and quarry exposures demonstrate variable fines content and laterally 

impersistent clay / silt lenses; however, the lack of deep boreholes proving the Upper 

Greensand means that laterally extensive aquitards could be present at depth, within the 

catchment.  It is noted that from anecdotal evidence, that silt beds at the base of Aller 

Gravel may be laterally persistent within the quarry, suggesting this could also be the case 

for other deposits low down in the formation.  

Artesian groundwater conditions 

observed at Decoy Brake 

borehole occurred due to local 

confinement of groundwater. 

The historical borehole log is open to interpretation.  Evidence is consistent with variable 

permeability model for the Aller Gravel but could also be explained by laterally extensive 

clay horizons, as suggested by Rigare, 2015 and (particularly for deeper groundwater), 

good hydraulic connectivity with the Upper Greensand. 

Poor or variable (as opposed to 

good) hydraulic continuity 

between Upper Greensand and 

Aller Gravel. 

Assumption is based primarily on the further assumption that silt deposits observed in 

quarry exposures are laterally persistent.  As above, evidence to characterise ground 

conditions at the base of the Aller Gravel Formation is scant and artesian water pressures 

observed in Decoy Brake borehole could represent good connectivity in the vicinity of the 

SSSI. 

Aller Gravel has low overall 

permeability. 

The evidence for low permeability comprises permeability tests in the upper part of the 

formation and quarry face observations suggesting that sands and gravels form a relatively 

small proportion of the overall rock mass.  It is recognised that highly permeable sand or 

gravel units may exist but these were not identified near the surface within the development 

area. 

Surface water inputs to the SSSI Anecdotal evidence from rainfall events that occurred during the ground investigation, no 
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are minimal (due to infiltration). flow measurement undertaken. 

 

 

A1.2 NA3 Development Flood Risk Assessment and Drainage Strategy  

A1.2.1 Overview 

A1.2.1.1 A combined flood risk assessment (FRA) and drainage strategy was prepared by InfraDesign Civil 

Infrastructure Engineers in July 2016 in support of the NA3 outline planning application: 

 Flood Risk Assessment and Drainage Strategy [DRAFT], Land at Wolborough Barton, Newton 

Abbot (InfraDesign, 2016)  

A1.2.1.2 The report provides a high level overview of the risk of flooding from different sources and a preliminary 

surface water drainage strategy for the development, based on the draft proposed masterplan produced 

by PCL Planning.   

A1.2.1.3 The InfraDesign, 2016 report has been reviewed in conjunction with GCEL, 2016, which contains 

important information relating to the drainage and flood risk characteristics of the development site. The 

drainage strategy draws on the results of soakaway testing carried out by GCEL at eighteen trial pits 

situated within the NA3 development area. The results have been reviewed in relation to the potential for 

using infiltration drainage across the western slope of the Wolborough Fen catchment.  

A1.2.2 Summary of Findings 

A1.2.2.1 The FRA and drainage strategy considers the overall development as four distinct catchments: 

(Catchments A to C).  Catchment C comprises those areas of the NA3 development located to the west of 

Wolborough Fen and includes both the proposed residential area and access road. It is acknowledged 

that this area was identified by Rigare, 2015 as being hydraulically connected and most hydrologically 

significant to Wolborough Fen. 

A1.2.2.2 The infiltration testing results are discussed and reported in the FRA and used to inform the outline 

drainage strategy.  Eight tests were undertaken within Catchment C at trial pits TP7, TP8, TP16, TP17, 

TP18, TP19, TP20 and TP21, within the Aller Gravel Formation.  Infiltration testing was carried out in 

accordance with BRE 365 Digest methodology
16

, which is the standard accepted methodology for 

calculating the soil infiltration rate for the design of soakaways. 

A1.2.2.3 The outcome of the infiltration testing is reported in GCEL, 2016 and summarised below. 

 Of the eight trial pits within Catchment C, TP7 and TP17 failed the infiltration testing.  

 Infiltration rates for the remaining six trial pits (TP8, TP16, TP18 to TP21) within Catchment C 

ranged between 9.85 x 10
-6

 and 2.37 x 10
-5

. The (GCEL, 2016) report states that infiltration via 

soakaway drainage is likely to be achievable at these locations. 

 The (GCEL, 2016) report advises that further infiltration testing would be required if development 

plans are progressed. 

A1.2.2.4 The main findings of the combined FRA and Preliminary Drainage Strategy (InfraDesign, 2016) can be 

summarised as follows. 

 The entire NA3 development area is within Flood Zone 1 and considered to have little to no risk of 

fluvial or tidal flooding. Therefore the Sequential and Exception Tests were not required in 

accordance with the National Planning Policy Framework (2012). 
                                                      
16

 BRE (1991) Soakaway Design, BRE Digest 365, Building Research Establishment, Bracknell, UK (ISN:0-85125-502-7) 
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 Across the whole site, there is also a low risk of flooding from sewers, reservoir dam failures and 

from artificial sources (e.g. canals). 

 The risk of surface water flooding was observed to be greatest along the corridors of existing 

streams and drainage channels. Following appropriate mitigation, this surface water flooding is not 

considered to pose significant implications to the proposed development. 

 The risk of flooding from groundwater depends on the underlying geology. Further consideration of 

this source of flooding would be required at detailed design phase.  

 The Catchment C development area currently drains naturally. Overland flow is observed in some 

locations, although the majority of rainfall is considered to drain via infiltration. 

 Catchment C is recognised for its importance for groundwater recharge to Wolborough Fen. The 

FRA recommends that infiltration Sustainable Drainage Systems (SuDS) are used where possible 

across Catchment C to maximise groundwater recharge.  

 The outline surface water drainage strategy suggests that a combination of attenuation and 

infiltration techniques are likely to be the most suitable surface  water mitigation techniques, based 

on the results of the infiltration tests (GCEL, 2016). 

 As development plans are progressed for Catchment C further infiltration testing should be 

undertaken to ascertain the viability of soakaways and / or other infiltration devices (e.g. infiltration 

basins) in the likely locations that they will be required. 

 Groundwater monitoring should be undertaken in the proposed locations for infiltration devices for 

at least twelve months to confirm that groundwater does not rise to within 1m of their base levels. 

 The use of soakaways in Catchment C would need to be reviewed during the detailed design phase 

due to the steep slopes.  

 Where soakaways are not viable, infiltration basins and communal underground geocelluar 

infiltration crates are recommended to assist in the recharge of groundwater. 

 The proposed outline design places infiltration basins on significant slopes within the valley crossing 

the northern part of Catchment C. The proposed underground geocelluar infiltration crates would be 

located within the rear gardens residential properties, providing shared storage for adjacent plots 

that back onto each other. 

 The infiltration basins proposed in Catchment C have a half drain time of over 7 days and form a 

cascading system would eventually overflow into Wolborough Fen. 

 French drains are identified for use along the road through Decoy Brake and the small development 

to the east of the road. 

 All proposed SuDS are designed to allow for the 1 in 100 year plus 40% allowance for climate 

change and, with a safety factor of 10. 

A1.2.3 Data Quality and Availability 

A1.2.3.1 Infiltration tests have been undertaken in accordance with the best practice BRE 365 Digest methodology 

(GCEL, 2016). Eight trial pit infiltration tests were attempted within Catchment C. These eight trial pits are 

reasonably distributed across the catchment and focus in the proportion of the catchment where 

Sustainable Drainage Systems (SuDS) are likely to be required to manage surface water from the 

development.  

A1.2.3.2 The infiltration testing undertaken by GCEL is considered sufficient to capture an initial realistic 

representation of the drainage characteristics of the soils across Catchment C. This is in accordance with 
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the SuDS Manual (C753) (CIRIA, 2015), which recommends that infiltration testing should be as extensive 

as possible, supportive of the wider soil characteristics in order to avoid misrepresentation of relevant soil 

properties. Where infiltration testing has been undertaken and has a limited number of results, the SuDS 

Manual recommends using the worst case infiltration rate value rather than the mean or average unless 

justification for the approach can be demonstrated.  This approach has been adopted in the strategy. 

A1.2.3.3 Typical infiltration coefficients based on soil texture are discussed in the SUDS Manual C753 (2015). 

‘Good’ infiltration media such as sand (slightly silty, slightly clayey SAND) has a typical infiltration 

coefficients 1 x 10
-5

 m/s to 5 x 10
-5

 m/s, while ‘Poor’ infiltration media like silt loam (very sandy, very clayey 

SILT) has a typical infiltration coefficients 1 x 10
-7

 m/s to 1 x 10
-5 

m/s.  The infiltration tests yielded rates in 

the order of 1 x 10
-5

 to 2.4 x10
-5 

m/s, suggesting that infiltration drainage would indeed be possible.  

A1.2.3.4 The infiltration basins in Catchment C have a half drain time of over 7 days with an overflow into 

connected infiltration basins finally discharging in to Wolborough Fen. The half drain time is in excess of 

the recommended 24 hours half drain time in the SuDS Manual (2015). A half drain time that is 

substantially greater that the recommended 24 hours increases the likelihood that the attenuation capacity 

would not be available for the next storm event. This would lead to the basin discharging to the overflow 

as a normal situation and the site discharging flow in an uncontrolled manner.  The effectiveness of the 

basin for managing downstream flood risk and recharging the Aller Gravel aquifer would therefore be 

limited. 

A1.2.3.5 Surface water catchments are defined topographically at 0.5m intervals and greenfield runoff rates are 

assessed using industry standard WinDes software, assuming a soil coefficient of 0.3 for all catchments.   

A1.2.3.6 Proposed discharge rates, compared with greenfield runoff rates, are presented for Catchments A, B and 

D but not for Catchment C.  There is no discussion on the calculated baseline or post-development rates 

of discharge to the fen or, the proposed means of restricting discharge to the greenfield rate of runoff.  

A1.2.3.7 There is no discussion of how the long-term maintenance of the proposed drainage system would be 

managed or, identification of organisations that could potentially take on this responsibility. 

A1.2.3.8 The drainage strategy proposes the use of communal underground geocelluar infiltration crates and 

infiltration basins. These are used heavily across the whole NA3 development area but especially within 

Catchment C. Whilst these features are intended to infiltrate runoff, further consideration of other 

infiltration SuDS components (such as swales, bioretention systems or ponds) that would enhance other 

aspects of the development is not evident.     

A1.2.4 Assumptions and Uncertainties 

A1.2.4.1 The FRA assumes that the soil coefficient
17

 0.3 is representative of the soil conditions at the site.  

However the assumption of a mid-range value across all the catchments on the site is unlikely to 

represent the conditions accurately and would need further consideration to confirm that this reflects the 

infiltration testing results both within Catchment C and in other areas of the NA3 development.  

A1.2.4.2 The proposed drainage strategy comprises a limited range of SuDS features that use the worst case 

infiltration rate. Although in accordance with best practice, this has generated an associated half drain 

time for the infiltration basin of approximately 7 days, which is significantly higher than the industry 

accepted 24 hours half drain time. An analysis of the frequency, duration and intensity of storm events in 

the local area would be required to demonstrate whether this half drain time is appropriate.  

                                                      
17

 The soil coefficient is derived from the Flood Studies Report (FSR) 1975 WRAP parameter and relates to the water-holding 
capacity of the soil. The 0.3 soil coefficient represents: “relatively impermeable soils in boulder and sedimentary clays, and in 
alluvium, especially in eastern England; either i) permeable soils with shallow ground-water in low lying areas or ii) Mixed areas of 
permeable and impermeable sol, in approximately equal proportions”. 
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A1.2.4.3 As development plans are progressed for Catchment C, it is recommended (in agreement with the FRA) 

that further infiltration testing is undertaken. This is to ascertain the viability of soakaways and / or other 

infiltration devices (e.g. infiltration basins) in the likely locations that they will be required. To guarantee the 

validity of future infiltration tests, the BRE 365 method should continue to be followed. Where calculated 

infiltration rates of 10
-6 

m/s or greater are achieved, full consideration should be given to infiltration SuDS 

(SuDS Manual C753).  Where rates are lower than this, other suitable SuDS should be used. 

A1.2.4.4 The balance between surface water and groundwater inputs to the SSSI is currently unknown but is 

important with respect to the potential flux of nutrients into the SSSI and for estimating the required 

infiltration volumes. 

A1.2.4.5 It is uncertain whether the outline design will be revised (prior to submission of the outline planning 

application) to further consider the site constraints and design limitations of the currently identified SuDS 

components and their limited integration into the site.    

A1.2.4.6 The report (InfraDesign, 2016) does not identify which organisations would be responsible for managing 

and maintaining the various SuDS feature identified in the drainage strategy. Whilst the maintenance 

requirements of the proposed structures would initially be minimal, the (potentially more complex) 

management arrangements for structures such as the communal geocellular crates could become more 

onerous in the medium to long term.     
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