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requests made to RAPID or any organisation party by third parties through the 

Freedom of Information Act 2000, the Environmental Information Regulations 2004, 

or any other applicable legislation requires prior consultation and consent by each of 

United Utilities, Severn Trent Water and Thames Water before information is 

released as per the requirements under the respective legislations. The content of 

this report is draft and relates to material or data which is still in the course of 

completion in travel to Gate 2 and should not be relied upon at this early stage of 

development.  We continue to develop our thinking and our approach to the issues 

raised in the document in preparation for Gate 2. 



Appendix 4.2 Severn Thames Transfer SRO - Habitat Regulations Assessment  
STT-S5-022 | 3 | For issue to RAPID |  Issue number 3 | Date 21/05/2021 
 

Ricardo Confidential 
ii 

 

Executive Summary ................................................................................................. 1 

1 Introduction ........................................................................................................ 4 

1.1 Background and purpose of report ......................................................................................... 4 

1.2 Requirements for Habitat Regulations Assessments ............................................................. 5 

1.3 Structure of the report ............................................................................................................. 6 

2 Severn to Thames Transfer System ................................................................. 8 

2.1 Introduction .............................................................................................................................. 8 

2.2 Pipeline conveyance, Deerhurst to Culham (300, 400 and 500 Ml/d) – element 7 a, b, and c 

  .............................................................................................................................................. 11 

2.3 Canal conveyance, including piping to Culham (300 Ml/d) – element 8 ............................... 11 

2.4 Mythe abstraction reduction (15 Ml/d) – element 4 ............................................................... 11 

2.5 Vyrnwy Reservoir release (75 Ml/d) – element 1b ................................................................ 12 

2.6 Netheridge WwTW discharge diversion ................................................................................ 12 

2.6.1 Deerhurst Pipeline (35 Ml/d) – element 5a ....................................................................... 12 

2.6.2 Netheridge WwTW discharge diversion, Cotswold Canals (35 Ml/d) – element 5b ......... 12 

2.7 River Vyrnwy Mitigation ......................................................................................................... 13 

2.7.1 Shrewsbury redeployment (25 Ml/d) – element 3 ............................................................. 13 

2.7.2 Middle River Vyrnwy Bypass (80 Ml/d) - element 2a ........................................................ 13 

2.7.3 Vyrnwy Bypass release (155 Ml/d) – Element 2b ............................................................. 13 

2.7.4 Vyrnwy Bypass release (180 Ml/d) – Element 2c ............................................................. 14 

2.8 Shrewsbury redeployment (25 Ml/d) – Element 3 ................................................................. 14 

2.9 Minworth WwTW discharge diversion (115 Ml/d) – Element 6 ............................................. 14 

3 Methodology .................................................................................................... 15 

3.1 Introduction ............................................................................................................................ 15 

3.1.1 Stage 1 Screening ............................................................................................................. 15 

3.1.2 Stage 2 Appropriate Assessment ...................................................................................... 18 

3.1.3 Integrity Test ...................................................................................................................... 20 

3.1.4 Mitigation measures and monitoring ................................................................................. 20 

3.1.5 Limitations ......................................................................................................................... 20 

4 HRA Screening of STT Elements .................................................................... 22 

4.1 Risk of Likely Significant Effects of Severn to Thames Transfer .......................................... 22 

4.2 HRA Screening conclusions .................................................................................................. 66 

5 Information to Inform Stage 2 Appropriate Assessment ............................. 71 

5.1 Baseline ................................................................................................................................. 71 

5.1.1 Severn Estuary SAC ......................................................................................................... 71 

5.1.2 Severn Estuary Ramsar Site ............................................................................................. 72 

5.1.3 River Clun SAC ................................................................................................................. 73 

5.1.4 River Usk SAC .................................................................................................................. 73 



Appendix 4.2 Severn Thames Transfer SRO - Habitat Regulations Assessment  
STT-S5-022 | 3 | For issue to RAPID |  Issue number 3 | Date 21/05/2021 
 

Ricardo Confidential 
iii 

5.1.5 River Wye SAC ................................................................................................................. 74 

5.2 Vyrnwy Reservoir release (75 Ml/d) ...................................................................................... 74 

5.2.1 Potentially Affected European Sites .................................................................................. 74 

5.3 River Vyrnwy Mitigation – Vyrnwy release (100 Ml/d) and Bypass (80 Ml/d) ....................... 83 

5.3.1 Potentially Affected European Sites .................................................................................. 83 

5.4 River Vyrnwy Mitigation, Vyrnwy Bypass release (155 Ml/d) ................................................ 93 

5.5 Minworth WwTW discharge diversion (115Ml/d) ................................................................... 94 

5.6 Pipeline conveyance, Deerhurst to Culham (300, 400 and 500 Ml/d) ................................ 106 

5.6.1 Potentially Affected European Sites ................................................................................ 106 

5.7 Canal conveyance, including piping to Culham (300 Ml/d) ................................................. 121 

5.7.1 Potentially Affected European Sites ................................................................................ 121 

6 In-combination assessment ......................................................................... 137 

6.1 Operation regime ................................................................................................................ 137 

6.2 Assessment of groupings .................................................................................................... 137 

6.3 Monitoring/assessment requirements to inform Gate 2 ...................................................... 139 

7 Conclusions and Recommendations ........................................................... 140 

 
 

Figures 
Figure 2.1: STT SRO key elements ........................................................................................................ 9 
 

Tables 
Table 2.1 Elements that from the STT SRO subject to assessment .................................................... 10 
Table 2.2: STT Source Support Element Groupings ............................................................................ 10 
Table 3.1: Potential impacts of scheme on European sites. ................................................................. 16 
Table 3.2: Definitions of impact duration ............................................................................................... 19 
Table 4.1 European designated sites potentially affected by Severn to Thames Transfer Elements .. 22 
Table 4.2: Screening assessments of identified European sites within 10km radius of the proposed 

Severn to Thames Transfer Elements for potential effects. .................................................. 24 
Table 4.3: Summary of the outcomes of HRA Screening Assessment of the Elements for Severn to 

Thames Transfer, indicating which require Stage 2 Appropriate Assessment due to a risk of 

likely significant effects on European designated sites. ........................................................ 66 
Table 4.4: Summary of the outcome of the HRA Screening Assessment of the Elements for Severn to 

Thames Transfer, indicating individual qualifying features which require Stage 2 Appropriate 

Assessment due to potential likely significant effects on European designated sites. .......... 68 
Table 5.1: Assessment of adverse effects of the Vyrnwy Reservoir release (75 Ml/d) on the Severn 

Estuary SAC and Ramsar site ............................................................................................... 76 
Table 5.2: Assessment of adverse effects of the Vyrnwy mitigation, Lower Vyrnwy regulation release 

options on the Severn Estuary SAC and Ramsar Site. ......................................................... 84 
Table 5.3: Assessment of adverse effects of the Minworth WwTW discharge diversion element on the 

River Clun SAC. ..................................................................................................................... 95 
Table 5.4: Assessment of adverse effects of the Minworth WwTW discharge diversion element on the 

River Usk SAC. ...................................................................................................................... 97 
Table 5.5: Assessment of adverse effects of the Minworth WwTW discharge diversion element on the 

River Wye SAC ...................................................................................................................... 99 



Appendix 4.2 Severn Thames Transfer SRO - Habitat Regulations Assessment  
STT-S5-022 | 3 | For issue to RAPID |  Issue number 3 | Date 21/05/2021 
 

Ricardo Confidential 
iv 

Table 5.6: Assessment of adverse effects of the Minworth WwTW discharge diversion element on the 

Severn Estuary SAC and Ramsar site ................................................................................ 102 
Table 5.7: Assessment of adverse effects of the pipeline conveyance, Deerhurst to Culham (300, 400 

and 500 Ml/d) on the Severn Estuary SAC and Ramsar Site.............................................. 108 
Table 5.8: Assessment of adverse effects of the Canal conveyance, including piping to Culham (300 

Ml/d) on the Severn Estuary SAC and Ramsar Site ............................................................ 123 
Table 6.1: Assessed groupings: components and order of preference for operation ......................... 137 
 

 



Appendix 4.2 Severn Thames Transfer SRO - Habitat Regulations Assessment  
STT-S5-022 | 3 | For issue to RAPID |  Issue number 3 | Date 21/05/2021 
 

Ricardo Confidential 1 

Executive Summary 

Water companies in England and Wales are required to produce a Water Resources Management Plan 

(WRMP) every five years. The Plan sets out how the company intends to maintain the balance between 

supply and demand for water over the selected planning horizon (minimum 25 years) in order to ensure 

security of supply in each of the water resource zones making up its supply area.  

Following submission of WRMPs in 2019, Ofwat through the Price Review 2019 (PR19) Final 

Determination, has identified the potential for companies to jointly deliver strategic regional water 

resources. As part of the assessment of companies’ PR19 business plans, Ofwat introduced proposals 

to support the delivery of Strategic Regional Water Resource Options (SROs) over the next 5 to 15 

years. Ofwat’s Final Determination in December 2019 set out a gated process for the co-ordination and 

development of a consistent set of SROs.  

The Severn to Thames Transfer (STT) has been identified as an SRO in the PR19 Final Determination 

and includes eight key elements that may result in environmental impact. This Habitat Regulations 

Assessment (HRA) has been produced as part of the Gate 1, in accordance with the All Company 

Working Group (ACWG) current guidance for SRO Environmental Assessments. As the Gate 1 

submission does not form a statutory plan or project, the principles of the HRA process were applied to 

help identify risks to feasibility and deliverability of the elements.  

The ACWG guidance states that the HRA for each SRO should be undertaken in accordance with 

available guidance for England and Wales and should be based on a precautionary approach as 

required under the HRA process. The requirement for a HRA is established through the Conservation 

of Habitats and Species Regulations 2017 (as amended), commonly referred to as the Habitats 

Regulations. 

As the Gate 1 submission does not form a statutory plan or project, UU has undertaken an assessment 

of the implications of the individual elements of the STT by adopting the principles of the HRA process 

to help identify risks to feasibility and deliverability of the elements as well as the additional monitoring 

and assessment work required to inform the formal HRA at Gate 2. While an in-combination assessment 

has been undertaken of the individual elements, the in-combination assessments with other SROs, non-

SRO options and other plans and projects has not been undertaken. It is understood that such 

assessments will be undertaken as part of the relevant regional plan or WRMP24 assessment 

processes. 

As such, the assessment has identified where there is a risk of Likely Significant Effects (LSE) as a 

result of each element and the STT SRO and, where a risk has been identified, whether adverse effects 

on site integrity could are predicted.  

Screening concluded that the Vyrnwy Reservoir release (75 Ml/d), River Vyrnwy Mitigation release (80 

Ml/d), River Vyrnwy Mitigation release (155 Ml/d), Minworth discharge diversion (115Ml/d), Deerhurst 

to Culham pipeline conveyance (300, 400 and 500 Ml/d) and Cotswold Canal conveyance including 

piping to Culham (300 Ml/d) would result in a risk of LSE on European designated sites alone and they 

were taken through to Appropriate Assessment. This was due to a clear risk of LSE on qualifying 

habitats and species of the Severn Estuary SAC and Ramsar site or where mitigation measures would 

be required.  The 45Ml/d support release (Option 1a) refers to the current compensation releases from 

the Vyrnwy Reservoir and as this is the baseline, this option has not been considered for assessment 

in this report.  
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implementation of the Minworth discharge diversion (115Ml/d) This includes the implementation of 

tertiary treatment of effluent prior to release in the River Avon and operational rules to avoid the 

upstream migration period of anadromous fish. There remains some uncertainty with regards to the 

potential impacts on migratory cues (chemical) and passability of barriers as a result of this element. 

The main concern relates to olfactory cues in species such as Atlantic salmon (Salmo salar), twait shad 

(Alosa fallax) sea lamprey (Petromyzon marinus), river lamprey (Lampetra fluviatilis) and European eel 

(Anguilla anguilla). European eel are also known to occur throughout the River Avon catchment and 

there is some uncertainty regarding the passability of barriers as a result of increased flow.  

The conclusion on the risk of LSE and predictions regarding adverse effects will need to be reviewed 

and updated (where required) as more information becomes available during completion of the Gate 2 

assessments. This includes consideration of any monitoring and modelling outputs made available 

between submission of this report and the end date if the Gate 2 assessments and any changes in the 

applicability and/or availability of mitigation measures.  
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1 Introduction 

1.1 Background and purpose of report 

Water companies in England and Wales are required to produce a Water Resources Management Plan 

(WRMP) every five years. The Plan sets out how the company intends to maintain the balance between 

supply and demand for water over the selected planning horizon (minimum 25 years) in order to ensure 

security of supply in each of the water resource zones making up its supply area. 

Following submission of WRMPs in 2019, Ofwat through the Price Review 2019 (PR19) Final 

Determination, has identified the potential for companies to jointly deliver strategic regional water 

resources solutions to secure long-term resilience on behalf of customers while protecting the 

environment and benefiting wider society. As part of the assessment of companies’ PR19 business 

plans, Ofwat introduced proposals to support the delivery of Strategic Regional Water Resource Options 

(SROs) over the next 5 to 15 years with solutions considered to be ‘construction ready’ for the 2025-

2030 period. Ofwat’s Final Determination2  in December 2019 set out a gated process for the co-

ordination and development of a consistent set of SROs. 

This gated process provides a mechanism for the industry, regulators, stakeholders and customers to 

input into the development and scheduling of these strategic solutions, through a combined set of 

statutory and regulatory processes. These include the National Framework, Drinking Water Safety 

Plans, Business Plans and WRMPs. The strategic regional working group (consisting of Affinity Water, 

Anglian Water, Severn Trent Water, Southern Water, South West Water, Thames Water, United Utilities 

and Wessex Water) published a joint company statement reiterating a commitment to continue working 

with the Regulators' Alliance for Progressing Infrastructure Development (RAPID), the Environment 

Agency (EA), Natural Resources Wales (NRW), Ofwat and the Drinking Water Inspectorate (DWI) to 

make all of the planning processes and statutory timetables a success. 

The Severn to Thames Transfer (STT) has been identified as an SRO in the PR19 Final Determination, 

with funding allocated equally between Thames Water (TW), United Utilities Water Limited (UU) and 

Severn Trent Water (ST). The STT SRO covers a wide geographical area that includes two regional 

plan areas across England, namely; Water Resources South East (WRSE) and Water Resources West 

(WRW). Whilst each regional plan area will develop their approach to environmental assessment and 

have their own timescales for development of these plans to meet statutory targets it is important that 

the environmental assessment of the STT SRO adopts a consistent approach. 

In October 2020, the group of Water Companies involved in developing SROs (known as the All 

Company Working Group - ACWG), published guidance3 for environmental assessment methods for 

SROs which is aligned to the draft Water Resources Planning Guideline (WRPG): Working Version for 

Water Resource Management Plan 2024 (WRMP24) to increase the consistency of environmental 

assessment and the evaluation of impacts on environmental water quality in particular. 

The ACWG guidance states that the Habitat Regulation Assessment (HRA) for each SRO should be 

undertaken in accordance with available guidance for England and Wales and should be based on a 

precautionary approach as required under the HRA process. The requirement for a Habitat Regulation 

Assessment (HRA) is established through the Conservation of Habitats and Species Regulations 2017 

(as amended), commonly referred to as the Habitats Regulations. Under Regulations 63 and 105, any 

plan or project which is likely to have a significant effect on a European site (either alone or in-

combination with other plans or projects) and is not directly connected with, or necessary for the 

management of the site, must be subject to a HRA to determine the implications for the site in view of 

its conservation objectives. 

As such, each SRO should meet the requirements of the Habitats Regulations before implementation.  

 

 

2 Ofwat (2019), PR19 Final Determinations, Strategic regional water resource solutions appendix 
3 Mott MacDonald Limited (2020). All Companies Working Group WRMP environmental assessment guidance and applicability 
with SROs. Published October 2020 
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The amended 2017 Habitats Regulations have created a national site network on land and at sea, 

including both the inshore and offshore marine areas in the UK. The national site network includes: 

• existing Special Areas of Conservation (SACs)4 and Special Protected Areas (SPAs) 5   

• new SACs and SPAs designated under these Regulations 

Designated Wetlands of International Importance (known as Ramsar sites) do not form part of the 

national site network. Many Ramsar sites overlap with SACs and SPAs, and may be designated for the 

same or different species and habitats. All Ramsar sites are protected in the same way as SACs and 

SPAs. 

For ease of reference through this HRA report, these designations are collectively referred to as 

“European sites”. As per Natural England (NE) guidance6, any HRA should also consider any European 

Marine Protected Areas (MPAs) within England’s inshore waters (out to 12 nautical miles) to support 

sites in achieving conservation objectives and to guide effective management. No MPAs of European 

importance or Marine Conservation Zones (MCZs) are associated with the study area and therefore, 

no further consideration is required to inform the Strategic Environmental Assessment (SEA).  

This HRA report aims to establish whether elements included in the STT SRO are likely to have a 

significant effect on European sites, either alone or in-combination. This is judged in terms of the 

implications of the plan for a site’s conservation objectives, which relate to its ‘qualifying features’ (i.e. 

those Annex I habitats, Annex II species, and Annex I bird populations for which it has been designated). 

Significantly, HRA is based on a rigorous application of the precautionary principle.  Where uncertainty 

or doubt remains, an impact should be assumed, triggering the requirement for Appropriate Assessment 

of that scheme.   

1.2 Requirements for Habitat Regulations Assessments 

As the Gate 1 submission does not form a statutory plan or project7, the principles of the HRA 

process have been applied to help identify risks to feasibility and deliverability of the elements 

(alone and in-combination). 

As such there is no competent authority undertaking the integrity test.   

HRA Guidance for the appraisal of Plans8, summarises the Habitats Regulations. Regulation 63 states 

that the Plan making authority (in this case the STT group comprising United Utilities, Thames Water 

and Severn Trent Water) shall adopt, or otherwise give effect to, the Plan only after having ascertained 

that it will not adversely affect the integrity of a European site, subject to Regulation 64 or 105 of the 

Habitats Regulations. 

Regulation 64 of the Habitats Regulations states: 

64. — (1) If the competent authority is satisfied that, there being no alternative solutions, the plan or 

project must be carried out for imperative reasons of overriding public interest (which, subject to 

paragraph (2), may be of a social or economic nature), they may agree to the plan or project 

notwithstanding a negative assessment of the implications for the European site or the European 

offshore marine site (as the case may be). 

(2) Where the site concerned hosts a priority natural habitat type or a priority species, the reasons 

referred to in paragraph (1) must be either — 

 

4 SACs were designated under the Habitats Directive (92/43/EEC) and target particular habitats (Annex 1) and/or species 
(Annex II) identified as being of European importance. 
5 SPAs were classified under the European Council Directive 'on the conservation of wild birds' (2009/147/EC; 'Birds Directive') 
for the protection of wild birds and their habitats (including particularly rare and vulnerable species listed in Annex 1 of the Birds 
Directive, and migratory species). 
6 Help Note: Tips and advice on how to assess potential impacts of water company statutory plans on the marine environment1 
– Focussing on Marine Conservation Zones (MCZ) 
7 Ofwat 3 April 2020 Strategic Regional Water Resource Solutions: Gate one assessment.  Letter issued via email to 

Regulatory Directors of companies with strategic regional water resource solutions. 

8 Tyldesley, D. & Chapman, C. (2013) The Habitats Regulations Assessment Handbook, November 2020 edition UK: DTA 
Publications Limited. 
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(a) reasons relating to human health, public safety or beneficial consequences of primary 

importance to the environment; or 

(b) (b) any other reasons which the competent authority, having due regard to the opinion of 

the Appropriate Authority, consider to be imperative reasons of overriding public interest. 

Regulation 105 of the Habitats Regulations states: 

105. — (1) Where a land use plan — 

(a) is likely to have a significant effect on a European site or a European offshore marine site 
(either alone or in combination with other plans or projects), and 

(b) (b) is not directly connected with or necessary to the management of the site, the plan-
making authority for that plan must, before the plan is given effect, make an appropriate 
assessment of the implications for the site in view of that site’s conservation objectives. 

(2) The plan-making authority must for the purposes of the assessment consult the appropriate 

nature conservation body and have regard to any representations made by that body within 

such reasonable time as the authority specify. 

(3) They must also, if they consider it appropriate, take the opinion of the general public, and if 

they do so, they must take such steps for that purpose as they consider appropriate. 

(4) In the light of the conclusions of the assessment, and subject to regulation 103 

(considerations of overriding public interest), the plan-making authority or, in the case of a 

regional strategy, the Secretary of State must give effect to the land use plan only after having 

ascertained that it will not adversely affect the integrity of the European site or the European 

offshore marine site (as the case may be). 

(5) A plan-making authority must provide such information as the appropriate authority may 

reasonably require for the purposes of the discharge of the obligations of the appropriate 

authority under this Chapter. 

(6) This regulation does not apply in relation to a site which is — 

(a) a European site by reason of regulation 8(1)(c), or 

(b) a European offshore marine site by reason of regulation 15(c) of the 2007 Regulations (site 

protected in accordance with Article 5(4) of the Habitats Directive).  

Best practice guidance9 recommends that if there are no alternative solutions and if, in exceptional 

circumstances, it is proposed that a Plan be adopted despite the fact that it may adversely affect the 

integrity of a European site, the HRA will need to address and explain the Imperative Reasons of 

Overriding Public Interest (IROPI) which the Plan making authority considers to be sufficient to outweigh 

the potentially adverse effects on the European site(s). As noted above, the HRA process will be applied 

to help identify risks to feasibility and deliverability of the element. As such, it is expected that elements 

that are likely to result in adverse effects on site integrity will either be amended or will not be taken 

forward for consideration in Gate 2.  

 

 

 

 

1.3 Structure of the report 

The report is divided into the following sections:  

Section 1: This introduction  

 

9 Tyldesley, D. & Chapman, C. (2013). The Habitats Regulations Assessment Handbook, February 2021 edition UK: DTA 
Publications Limited.. 
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Section 2: Provides a background to the STT SRO  

Section 3: Provides the methodology adopted for the HRA 

Section 4: Provides the results of the screening of the individual STT elements  

Section 5: Provides the Information to Inform the Appropriate Assessment of the individual STT 

elements 

Section 7: Provides an assessment screening of the STT SRO (combined elements)  

Section 7: Conclusions and Recommendations  
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2 Severn to Thames Transfer System 

2.1 Introduction 

A STT conveying raw water from the lower River Severn into the upper or middle River Thames via an 

interconnector would increase the catchment area from which water resources can be drawn to the 

south-east of England. In addition to any flows that may be available to be abstracted under licence 

from the River Severn, a range of raw water transfer supporting source options for the STT are under 

consideration to provide additional resource.  

The STT SRO comprises 2 principal aspects: 

1. Severn to Thames Conveyance – Deerhurst to Culham pipeline or canal conveyance, including 

piping to Culham. 

2. Source rivers used to transport water associated with supported abstractions (rivers Vyrnwy, 

Severn, Avon and Thames). 

In terms of the Interconnector there are two alternative options available. Firstly, a pipeline with a 

capacity of 300 Ml/d, 400 Ml/d and 500 Ml/d. This involves the abstraction of water from the lower River 

Severn at Deerhurst, its treatment at a new water treatment plant and then the transferring of the water 

for discharge to the middle River Thames at Culham.  The alternative option to the pipeline conveyance 

is for the transfer of raw water to be undertaken via the Cotswold canals. This option would require the 

restoration of the canals and the transfer of raw water from the River Severn into the Gloucester & 

Sharpness Canal at Gloucester Docks, the transfer of raw water from the Gloucester & Sharpness 

Canal to the restored Cotswold canals, the transfer of water from the restored Cotswold canals near 

Lechlade to a water treatment works and then a pipeline for conveyance to the River Thames near 

Culham. 

In order for all of the STT Source Support Elements to be able to deliver the water into the STT System 

there is a requirement for these water supplies to be replaced with other water sources (aspect 2 above). 

The provision of this additional water is covered under separate SROs that provide the facilities to 

enable supporting flows for the STT. These SROs are STW Sources SRO, STW Minworth SRO, UU 

Sources SRO and UU Lake Vyrnwy SRO.  

The STT System comprises the STT SRO and the source SROs which would be required to work as a 

combined system to deliver the required outputs into the River Thames.   

 illustrates the scope of the STT system and the related UU and STW individual company, source-

related elements. 

The individual sources identified to date with indicative outputs under the separate SROs comprise: 

1. Mythe abstraction reduction (15 Ml/d) 

2. Minworth WwTW discharge diversion (115 Ml/d) 

3. Netheridge WwTW discharge diversion, Deerhurst pipeline (35 Ml/d) 

4. Netheridge WwTW discharge diversion, Cotswold canals (35 Ml/d)  

5. Vyrnwy Reservoir release (75 Ml/d) 

The two UU SROs provide additional capacity and facilities within the UU network to then enable 

Vyrnwy Reservoir support releases into the River Severn.  

This HRA report considers the elements associated with the STT SRO only and separate 

assessments are being undertaken to inform the HRA of the other sources. In-combination 

assessments of the various SROs that form the STT System is not subject to this report and 

will be considered in the relevant regional plans. 
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Figure 2.1: STT SRO key elements 

 

Sustained releases from the Vyrnwy Reservoir into the River Vyrnwy in support of the STT has been 

identified as being of particular concern by NRW. These concerns relate to the potential unacceptable 

environmental impacts which may need to be mitigated. One such mitigation option to the  Vyrnwy 

Reservoir source is the option to suspend the abstraction licence at Shrewsbury, which would have a 

commensurate reduction of up to 25Ml/d in supply from  Vyrnwy Reservoir, as Shrewsbury would then 

be supplied from the Vyrnwy Reservoir.  A further mitigation option to the  Vyrnwy Reservoir source is 

the development of a River Vyrnwy Bypass pipeline that will be capable of transferring part of the Lake 

Vyrnwy Reservoir raw water releases from the Vyrnwy Aqueduct into the lower reaches of the River 

Vyrnwy or after its confluence with the River Severn. 

As part of the Lake Vyrnwy Reservoir source, there are four potential mitigation options that could be 

used as environmental mitigation for Lake Vyrnwy Reservoir regulation releases directly into the River 

Vyrnwy. These being: 

1. River Vyrnwy Mitigation - Shrewsbury redeployment (25 Ml/d) 

2. River Vyrnwy Mitigation – Middle River Vyrnwy Bypass (80 Ml/d)  

3. River Vyrnwy Mitigation – Middle River Vyrnwy Bypass (155 Ml/d)  

4. River Vyrnwy Mitigation – River Vyrnwy Bypass (180 Ml/d)  

In addition to the above sources the STT SRO also comprises two potential pipeline and canal 

conveyance options these being: 

1. Pipeline conveyance, Deerhurst to Culham - 300, 400 and 500 Ml/d variants 

2. Canal conveyance, including piping to Culham - 300 Ml/d 
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would include the additional water being made available / provided by the: Mythe (15 Ml/d); Vrynwy 

release (75 Ml/d); and Netheridge (35 Ml/d) source support elements.  

A more detailed description of each element is provided in the sections below. 

2.2 Pipeline conveyance, Deerhurst to Culham (300, 400 and 500 

Ml/d) – element 7 a, b, and c 

An unsupported or supported conveyance pipeline option from Deerhurst on the River Severn to 

Culham on the River Thames with a 300, 400 or 500Ml/d capacity Ml/d capacity and a total length 

The element includes all engineering works required to transfer the flow to the River Thames. 

This includes: a river intake structure at Deerhurst including inlet screens and a twin pipeline to a low 

lift pump station, a raw water low lift pump station and a twin pipeline to the water treatment works, 

treatment works, a treated water high lift pump station, a rising main; a break pressure tank at the high 

point, a gravity main to discharge, an outfall at Culham with an actuated valve and an aeration cascade, 

washouts along the route provided with permanent discharge pipework to adjacent watercourses and 

a tee off the main pipeline for SWOX supply. 

2.3 Canal conveyance, including piping to Culham (300 Ml/d) – 

element 8 

The concept of canal conveyance is to utilise the historic infrastructure of the Cotswold Canals 

(Stroudwater Navigation and Thames and Severn Canals), in conjunction with the Gloucester and 

Sharpness Ship Canal and new pipeline transfer (either supported on unsupported) 300 Ml/d water 

from the River Severn to the River Thames. The engineering concept can be split into four broad 

segments: 

1. River Severn (at Gloucester) to Summit Pound. The water will be abstracted from the River 

Severn at Gloucester via a low head pumping station and discharged into the Gloucester and 

Sharpness Ship Canal at the Gloucester Docks basin. Water will transfer by gravity along the 

operational Gloucester and Sharpness Ship Canal for abstraction at Saul Junction. At Saul 

Junction, water will be transferred by a series of  

 to Newtown Pound and via open channel transfer 

abstracted and transferred to  . Long 

pounds in the existing canal will be used for flow transfer between the discharge structure of 

one rising main and the intake to the next. The pipe which constitutes each rising main will be 

laid in the towpath or canal bed or along adjacent roads. 

2. Summit Pound. In this section water will be transferred through the existing but currently 

damaged Sapperton Tunnel, then along the remainder of the summit pound. This will be 

rehabilitated, both for the water transfer and to allow navigation. 

3. Summit Pound to Lechlade. In this section water will be transferred downhill along the canal 

by gravity, until it meets the River Thames at or near Inglesham. Locks are by-passed by 

abstracting the transfer water uphill of the lock and transferring it in a short length of pipe to a 

discharge point just downhill of the lock. This bypass arrangement is required to enable the 

locks to be used for navigation during the transfer. 

4. Lechlade to Culham/ River Thames: Water will be processed at a new water treatment works 

and a pipeline will convey transfer flows to a discharge location at Culham. Pipeline diameters 

will be chosen to keep flow velocities below 2.5m/s, as required by Thames Water Asset 

Standard.  

2.4 Mythe abstraction reduction (15 Ml/d) – element 4  

This element provides support to STT abstraction from the Severn catchment by redeploying the 15 

Ml/d infrequently used part of the existing STW abstraction licence at its Mythe intake in the lower River 

Severn.  The currently infrequently used licensed volume would remain in the River Severn for 

abstraction downstream at Deerhurst by TW. The Mythe intake is located on the River Severn near 

Tewkesbury, northeast of Deerhurst. STW has advised that only minor works would be required 

at Mythe and elsewhere to redeploy the spare licence volume for abstraction by TW.  
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To provide sufficient water to support the STT System from the Mythe intake, additional resource may 

be required. It is understood from STW that no specific additional resource to replace this current 

abstraction licence volume has been determined to date and would require consideration at Gate 2.  

This assessment would be undertaken as part of the STW Sources SRO. 

2.5 Vyrnwy Reservoir release (75 Ml/d) – element 1b 

Release of 75 Ml/d water from Lake Vyrnwy Reservoir, an existing reservoir in Mid Wales, into the River 

Vyrnwy (a tributary of the River Severn) for supporting flow in the River Severn for downstream re-

abstraction from the River Severn at Deerhurst (and subsequent transfer into the River Thames to 

supply TW as well as potential other Water Companies). The reservoir is owned and operated by STW 

but predominately supplies water to UU who hold the abstraction rights for the reservoir and who have 

offered the water to TW when required. 

This option would only become operational after the 15 Ml/d of the licensed River Severn abstraction 

at Mythe has been made available. In consequence, this assessment has had regard to the water 

environment that includes for this additional water being made available for abstraction. Furthermore, 

to provide for this release of water to support the STT System from the Vyrnwy Reservoir, additional 

resource will be required within the UU operational area. This additional resource is subject to separate 

assessments under the UU Sources SRO and UU Lake Vyrnwy SRO. 

2.6 Netheridge WwTW discharge diversion 

2.6.1 Deerhurst Pipeline (35 Ml/d) – element 5a 

Currently water from STW’s Netheridge WwTW is discharged into the upper Severn Estuary.  It is 

proposed to divert a 35 Ml/d portion to a new outfall on the freshwater River Severn to support STT 

abstraction from the River Severn at Deerhurst. The optimal outfall location to the River Severn is being 

designed during Gate 1 through review of environmental constraints. The outfall study area is locally 

downstream of the proposed intake from the River Severn at Deerhurst. The diversion from Netheridge 

WwTW would be pumped by a new pumping station, located at the WwTW land via a 700mm diameter 

pipeline approximately long.  

The transfer of WwTW discharge for STT support would not be continuous, only discharging to the 

freshwater river outfall according to an operating regime when support is required to enable abstraction 

from the River Severn. The discharge would be a flow replacement for river water abstracted locally 

upstream. The element will result in a relocation of up to 35 Ml/d. 

This option would only become operational after the both the Mythe abstraction reduction (15 Ml/d) 

support element and the Vyrnwy Reservoir Release (75 Ml/d) support element have been made 

available.  In consequence, this assessment has had regard to the water environment that includes for 

this additional water being made available for abstraction. 

2.6.2 Netheridge WwTW discharge diversion, Cotswold Canals (35 Ml/d) – element 5b 

Currently water from STW’s Netheridge WwTW is discharged into the upper Severn Estuary.  It is 

proposed to divert a 35 Ml/d portion to a new outfall on the freshwater River Severn to support STT 

abstraction from the River Severn at Gloucester and Sharpness Canal. The optimal outfall location to 

the River Severn is being designed during Gate 1 through review of environmental constraints. The 

outfall study area is located downstream of the proposed abstraction discharging to Gloucester and 

Sharpness Canal. The discharge diversion from Netheridge WwTW would be pumped by a new 

pumping station, located at the WwTW land via a 700mm diameter pipeline approximately  long.  

The transfer of WwTW discharge for STT support would not be continuous, only discharging to the 

freshwater river outfall according to an operating regime when support is required to enable abstraction 

from the River Severn. The discharge would be a flow replacement for river water abstracted locally 

upstream. The element will result in a relocation of up to 35 Ml/d. 

This option would only become operational after the Mythe abstraction reduction (15 Ml/d) support 

element has been made available.  In consequence, this assessment has had regard to the water 

environment that includes for this additional water being made available for abstraction. 
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2.7 River Vyrnwy Mitigation 

Sustained releases from the Vyrnwy Reservoir into the River Vyrnwy in support of the STT has been 

identified as being of particular concern by NRW. These concerns relate to the potential unacceptable 

environmental impacts which may need to be mitigated. One such mitigation option to the Vyrnwy 

Reservoir source is the option to suspend the abstraction licence at Shrewsbury, which would have a 

commensurate reduction of up to 25Ml/d in supply from Vyrnwy Reservoir, as Shrewsbury would then 

be supplied from the Vyrnwy Reservoir.  This will require construction of additional infrastructure, 

including a new pipeline. A further mitigation option to the  Vyrnwy Reservoir source is the development 

of a River Vyrnwy Bypass pipeline that will be capable of transferring part of the Lake Vyrnwy Reservoir 

raw water releases from the Vyrnwy Aqueduct into the lower reaches of the River Vyrnwy or after its 

confluence with the River Severn. The transfer of water from the aqueduct to the lower River Vyrnwy or 

the River Severn will require the construction of a new pipeline.  

As part of the Lake Vyrnwy Reservoir source, there are four potential mitigation options that could be 

used as environmental mitigation for Lake Vyrnwy Reservoir regulation releases directly into the River 

Vyrnwy. These being: 

1. River Vyrnwy Mitigation - Shrewsbury redeployment (25 Ml/d) 
2. River Vyrnwy Mitigation – Middle River Vyrnwy Bypass (80 Ml/d)  
3. River Vyrnwy Mitigation – Middle River Vyrnwy Bypass (155 Ml/d)  
4. River Vyrnwy Mitigation – River Vyrnwy Bypass (180 Ml/d)  

To provide sufficient water to support the STT System from these mitigation options, additional resource 

will be required within the UU operational area. This additional resource is subject to separate 

assessments under the UU Sources SRO and UU Lake Vyrnwy SRO.  

2.7.1 Shrewsbury redeployment (25 Ml/d) – element 3 

This element comprises additional redeployment of the existing River Severn abstraction at 

Shrewsbury, which will require the construction of a number of booster and pumping stations and 

process enhancements at Shelton water treatment works (WTW). Abstraction at Shrewsbury currently 

serves STW customers in Shrewsbury and Oswestry.  UU and WwTW have offered to provide a supply 

to both Shrewsbury and Oswestry from Lake Vyrnwy Reservoir using the existing aqueduct and a new 

pipeline to Shrewsbury. This would reduce abstraction from the upper River Severn by 25 Ml/d at 

Shrewsbury and leave water in the river for abstraction at Deerhurst or Gloucester Docks (and 

subsequent transfer into the River Thames to supply TW as well as potential other Water Companies).  

This option would only become operational after the 75 Ml/d Vyrnwy Reservoir Release support 

element, the 35Ml/d Netheridge WwTW discharge diversion support element and the 15 Ml/d Mythe 

support element have been made available for abstraction at Deerhurst, or Gloucester Docks.  In 

consequence, this assessment has had regard to the water environment that includes for this additional 

water being in the River Severn. 

2.7.2 Middle River Vyrnwy Bypass (80 Ml/d) - element 2a  

This element comprises a raw water pipeline which will transport 80 Ml/d from the Vyrnwy Aqueduct, 

(which feeds Oswestry WTW) to the River Vyrnwy. The pipeline is a mitigation measure for the impact 

of a support release the Vyrnwy Reservoir element on the reaches of the River Vyrnwy between the 

Reservoir and the confluence with the River Banwy.  

Operationally, this element also includes a contribution of 25 Ml/d from the abstraction reduction at 

Shrewsbury (element 3) and 75 Ml/d from the Vyrnwy Reservoir release (element 1a), to contribute a 

total of 180 Ml/d to the STT scheme. In addition to the above support elements this option would only 

become operational after the 35Ml/d Netheridge WwTW discharge diversion support element and the 

15 Ml/d Mythe support element have been made available for abstraction at Deerhurst, or Gloucester 

Docks.  In consequence, this assessment has had regard to the water environment that includes for all 

this additional water being in the River Severn. 

2.7.3 Vyrnwy Bypass release (155 Ml/d) – Element 2b 

This element comprises a raw water pipeline which will transport 155 Ml/d from the Vyrnwy Aqueduct, 

(which feeds Oswestry WTW) to the River Vyrnwy. The pipeline is a mitigation measure for the impact 
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of a support release the Vyrnwy Reservoir element on the reaches of the River Vyrnwy between the 

Reservoir and the confluence with the River Banwy.  

Operationally, this element also includes a contribution of 25 Ml/d from the abstraction reduction at 

Shrewsbury (element 3) to contribute a total of 180 Ml/d to the STT scheme. In addition to the above 

support elements this option would only become operational after the 35Ml/d Netheridge WwTW 

discharge diversion support element and the 15 Ml/d Mythe support element have been made available 

for abstraction at Deerhurst, or Gloucester Docks.  In consequence, this assessment has had regard to 

the water environment that includes for all this additional water being in the River Severn. 

2.7.4 Vyrnwy Bypass release (180 Ml/d) – Element 2c 

This element comprises a raw water pipeline which will transport 180 Ml/d from the Vyrnwy Aqueduct, 

(which feeds Oswestry WTW) to the River Severn. The pipeline is a mitigation measure for the impact 

of a support release the Vyrnwy Reservoir element on the reaches of the River Vyrnwy between the 

Reservoir and the confluence with the River Banwy. 

This option would only become operational after the 35Ml/d Netheridge WwTW discharge diversion 

support element and the 15 Ml/d Mythe support element have been made available for abstraction at 

Deerhurst, or Gloucester Docks.  In consequence, this assessment has had regard to the water 

environment that includes for all this additional water being in the River Severn. 

2.8 Shrewsbury redeployment (25 Ml/d) – Element 3 

This element comprises additional redeployment of the existing River Severn abstraction at 

Shrewsbury, which will require the construction of a number of booster and pumping stations and 

process enhancements at Shelton water treatment works (WTW). Abstraction at Shrewsbury currently 

serves STW customers in Shrewsbury and Oswestry.  UU and WwTW have offered to provide a supply 

to both Shrewsbury and Oswestry from Lake Vyrnwy Reservoir using the existing aqueduct and a new 

pipeline to Shrewsbury. This would reduce abstraction from the upper River Severn by 25 Ml/d at 

Shrewsbury and leave water in the river for abstraction at Deerhurst.  

To provide sufficient water to support the STT from the Shrewsbury WTW, additional resource will be 

required within the UU operational area. This additional resource is subject to separate assessments 

under the UU Sources SRO and UU Lake Vyrnwy SRO UU Sources SRO and UU Lake Vyrnwy SRO. 

2.9 Minworth WwTW discharge diversion (115 Ml/d) – Element 6 

Currently, water from STW’s Minworth WwTW is discharged into the River Tame, a tributary of the River 

Trent.  It is proposed to divert a 115 Ml/d portion to a new outfall on the River Avon and hence into the 

River Severn catchment to support STT abstraction from the River Severn at Deerhurst.    

There would be a new extended treatment facility and pumping station at Minworth WwTW. The pipeline 

from Minworth WwTW to the River Avon outfall would involve construction of a  rising main and 

gravity main of up to  The optimal outfall location on the River Avon locally around Warwick is 

being designed during Gate 1 through review of environmental constraints.  The pipeline route from 

Minworth WwTW is in a south-east direction and will include several river, highway and other road 

crossings. 

The transfer of WwTW discharge for STT support would not be continuous – only discharging to the 

River Avon according to an operating regime when support is required to enable abstraction from the 

River Severn.  The discharge would be a regulating release augmenting flows in the downstream Rivers 

Avon and Severn to the STT abstraction location at Deerhurst. 

The element will have result in a transfer of up to 115 Ml/d into the River Avon and is also subject of a 

separate assessment under the STW Minworth SRO. 
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3 Methodology  

3.1 Introduction 

The ACWG guidelines indicate that a HRA should be undertaken in accordance with available 

guidance1011121314151617 and should be based on a precautionary approach as required under the 

Conservation of Habitats and Species Regulations 2017 (as amended).  

The HRA required for Gate 1 has been carried out in line with the ACWG current guidance for SRO 

Environmental Assessment. The requirements and outputs of the assessment are consistent with those 

in the WRSE Regional Plan Environmental Assessment Methodology Guidance, as well as the WRPG 

guidance for WRMP24. 

The objective of this HRA is to establish whether any of the elements for the STT SRO is likely to have 

a significant effect on European sites (alone and in combination with each other when forming the STT 

SRO). In-combination assessments with other SROs, non-SRO options and other plans and projects in 

regional plans and WRMP24 will be undertaken as part of the relevant regional plan or WRMP24 

assessment processes. 

As the Gate 1 submission does not form a statutory plan or project, the principles of the HRA 

process were applied to help identify risks to feasibility and deliverability of the elements.  A 

Stage 1 (screening) assessment was undertaken as part of the initial screening exercise for each 

of the elements, and the risk of failing the integrity test was reviewed for each element, using 

the principles of the Stage 2 (Appropriate Assessment) assessment. 

3.1.1 Stage 1 Screening  

For Gate 1, each element (either alone or in-combination) was considered to determine whether there 

were any LSE arising from construction or implementation activities and/or operation of the element on 

one or more European sites. 

GIS data was used to map the locations and boundaries of European sites in relation to the different 

elements; within 10km of construction and operation works and 500m of rivers transferring excess 

water. The attributes of the European sites, which contribute to and define their integrity, current 

conservation status and the specific sensitivities of the site were considered with reference to: 

• Standard Data forms for SACs and SPAs and Information Sheets for Ramsar sites. An analysis 

of these information sources has enabled the identification of the site's qualifying features.   

• Article 12 and 17 reporting,  

• Site conservation objectives, 

• Supplementary advice to the conservation objectives (SACO) where available 

• Site Improvement Plans  

• Core Management Plans (Wales), and  

• the supporting Site of Special Scientific Interest’s favourable condition tables where relevant 

and no SACOs applicable to the features were available. 

 

10 Court of Justice for the European Union’s ruling on People Over Wind and Sweetman (‘Sweetman II’) vs Coillte Teoranta, 
Case C-323/17. 
11 UK Government (2019). Guidance on the use of Habitats Regulations Assessment. 
12 UK Government (2019). Conservation of Habitats and Species Regulations (Amendment) (EU Exit). 
13 Natural England (2020). Guidance on how to use Natural England’s Conservation Advice Packages in Environmental 
Assessments. 
14 Tyldesley, D. & Chapman, C. (2013). The Habitats Regulations Assessment Handbook, February 2021 edition UK: DTA 
Publications Limited. 
15 Environment Agency and Natural Resources Wales (2017). Water resources planning guideline – April 2017 
16 European Commission (2018). Managing Natura 2000 sites - The provisions of Article 6 of the 'Habitats' Directive 92/43/EEC. 
European Union, 1-86.  
17 Defra (2012). The Habitats and Wild Birds Directives in England and its seas: Core guidance for developers, regulators & 
land/marine managers. 
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Any further data requirements, including the need for specific monitoring, were identified in the 

Appropriate Assessment for consideration during Gate 2 and Gate 3. As such, the data that was used 

in the more detailed assessments was limited to that readily available. The scope of the monitoring 

programme is subject to a separate report25.  

3.1.3 Integrity Test 

The integrity test is the conclusion of an Appropriate Assessment and requires the competent authority 

to ascertain whether the proposed scheme (either alone or in-combination with other plans or projects), 

will have no adverse effect on site integrity. The following definition of site integrity is provided by Defra: 

the integrity of the site is “the coherence of its ecological structure and function, across its whole area, 

that enables it to sustain the habitat, complex of habitats and/or the level of populations of the species 

for which it was classified”26. 

At Gate 1, the potential for AEoI will be assessed against the conservation objectives as far as 

possible, and where there are risks that the integrity test cannot be met, these were identified 

for further consideration for the Gate 2 assessments.   

3.1.4 Mitigation measures and monitoring 

The assessment considered measures that may be available to reduce the likelihood, magnitude, scale, 

and duration of the effect to a lower level, which can be applied at the Appropriate Assessment stage 

to inform the overall integrity test27.  These measures included both avoidance and reduction measures, 

with the former being the preferred option.   

Where necessary, the report also recommended additional survey work that will be required to inform 

the Gate 2 HRA and any monitoring deemed necessary either for the purposes of validating the findings 

of the Appropriate Assessment, or ‘early warning’ monitoring which would enable any actions to be 

stopped, paused, reduced in scale or altered should an unexpected adverse effect be recorded when 

the SRO is being implemented. 

The need for further investigation of potential mitigation measures that will be required as part 

of the Gate 2 process were also defined as part of the Appropriate Assessment. 

3.1.5 Limitations 

Information provided by third parties, including publicly available information and databases, is 

considered correct at the time of submission.  Due to the dynamic nature of the environment, conditions 

may change in the period between the preparation of this report, and the construction and operation of 

the proposed configuration.   

The compilation of information to support an assessment has been undertaken in as detailed a way as 

possible, using all available open source data where they exist. However, the conclusions drawn from 

this is necessarily limited by the age, type, coverage and availability of data. Any uncertainties and the 

limitations of the assessment process are acknowledged and highlighted.  

Recommendations for avoidance and mitigation measures to address the potential adverse effects on 

European Site integrity identified by this report are also based on the information available at the time 

of the assessment. 

It is recognised that there are still a number of uncertainties and risks that need to be managed, with 

further iterations of the assessment required as more detailed engineering information and modelling 

work becomes available, prior to Gate 2.  While an in-combination assessment has been undertaken 

of the individual elements, the in-combination assessments with other SROs, non-SRO options and 

 

25 Ricardo Energy & Environment (2020). Severn to Thames Transfer: Environmental Assessment Methodologies. Report 
prepared for United Utilities. 29 October 2020. 
26Defra Circular 01/2005. 
27 The “People over Wind” or “Sweetman” judgment ruled that Article 6(3) of the Habitats Directive must be interpreted as 
meaning that mitigation measures should be assessed within the framework of an Appropriate Assessment and that it is not 
permissible to take account of mitigation measures at the screening stage. 
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other plans and projects has not been undertaken, It is understood that such assessments will be will 

be undertaken as part of the relevant regional plan or WRMP24 assessment processes. 

As such, the conclusion on the risk of LSE and predictions regarding adverse effects will need to be 

reviewed and updated (where required) as more information becomes available during completion of 

the Gate 2 assessments. This includes consideration of any monitoring and modelling outputs made 

available between submission of this report and the end date if the Gate 2 assessments and any 

changes in the applicability and/or availability of mitigation measures. 
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5 Information to Inform Stage 2 Appropriate 

Assessment  

5.1 Baseline 

5.1.1 Severn Estuary SAC 

The boundary of the Severn Estuary SAC (central location: Latitude 51.468611, Longitude -2.978055)57 

covers 737.14km² of the Severn Estuary; the largest coastal plain estuary in the UK58 which supports a 

diversity of subtidal and intertidal habitats (approximately 2/3 subtidal and 1/3 intertidal)59. The 

hydrodynamic conditions created by the large 13m tidal range and consequent flow and flux of sediment 

within the estuary are particularly important abiotic processes, that contribute to the diversity and 

productivity of the SACs eight qualifying features. The habitat features are distributed throughout the 

SACs area, with some overlapping and others changing location based on physiological conditions; for 

example, the spatial extent of sandbanks will change due to their high mobility58. In addition, the Severn 

Estuary is of particular importance for three migratory anadromous fish species, that are rare in the UK 

and are the qualifying features of the SAC. These are river lamprey, sea lamprey and twaite shad. 

Lampreys (family Petromyzonidae) are part of a small group known as Agnatha, meaning jawless and 

twaite shad is part of the herring family (Clupeidae)60. Additional baseline information provided in the 

River Avon confluence to tidal limit Environmental Assessment Report61 

River lamprey 

River lamprey occupy a large region from southern Norway to the western Mediterranean in coastal, 

transitional and freshwater waterbodies62. They are a primitive species that is widespread in the UK, 

occurring in many rivers from the Great Glen in Scotland at the northern extent and continuing 

southwards62. They utilise the Severn Estuary as a migratory passage to and from their freshwater 

spawning and nursery sites present in the upper reaches of the River Usk, Wye and Severn. Adult river 

lamprey migrate upstream from October – December and spawn from March - April62. Access to these 

functional habitats is vital for the species to complete its lifecycle59. Relevant marine data for this feature 

has not been collected58 and records within the Severn Estuary itself are lacking, with the most recent 

observation logged in 193963. Supporting datasets from inflowing rivers have recorded river lamprey in 

the River Severn (close to Gloucester) in 201464. NRW Monitoring programmes in the River Usk and 

Wye have previously assessed ammocoete densities as failing in Usk and passable in the Wye from 

2007 - 201267. Water quality deterioration has been highlighted as a factor directly impacting on the 

condition of this feature in the Severn Estuary SAC such as fluctuating water temperature and dissolved 

oxygen67.  

Sea lamprey 

Sea lamprey is the largest species present in the UK and it also occupies a larger region than river 

lamprey; from northern Norway to the western Mediterranean and eastern North America65. However, 

unlike river lamprey, it is absent from many northern and southern rivers in the UK due to pollution 

 

57 JNCC (2016). Natura 2000 – Standard Data Form. Natura 2000 Database, European Environment Agency.  
58 NRW (2018). Severn Estuary / Môr Hafren Special Area of Conservation, Indicative site level feature condition 
assessments 2018. NRW Evidence Report No: 235.  
59 Natural England and Countryside Council for Wales (2009). Severn Estuary SAC, SPA and Ramsar Site: Regulation 33 
Advice. Natural England and Countryside Council for Wales, 1 – 175. 
60 Maitland, P. S and Hatton-Ellis, T. W (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 2000 Rivers Ecology 
Series No. 3. English Nature, Peterborough.  
61 United Utilities (2021). Severn to Thames Transfer SRO downstream River Avon confluence to the tidal limit. Report by 
Ricardo Energy and Environment.  
62 Maitland, P. S (2003). Ecology of the River, Brook and Sea Lamprey. Conserving Natura 2000 Rivers Ecology Series No. 
5. English Nature, Peterborough, 1 - 54.  
63 NBN (2019) Human observation of Lampetra fluviatilis (Linnaeus, 1758), River Lamprey recorded on 1939-12-31. Bristol 
Regional Environmental Records Centre.  
64 NBN (2017) Human observation of Lampetra fluviatilis (Linnaeus, 1758), River Lamprey recorded on 2014-10-20. 
Environment Agency.  
65 Maitland, P. S (2003). Ecology of the River, Brook and Sea Lamprey. Conserving Natura 2000 Rivers Ecology Series No. 
5. English Nature, Peterborough, 1 - 54. 
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incidents and the construction of migratory barriers65. They utilise the Severn Estuary as a migratory 

passage to and from their freshwater spawning and nursery sites present in the upper reaches of the 

River Usk, Wye and Severn. Adult sea lamprey migrate upstream from April – May and spawn from late 

May – June65. Access to these functional habitats is vital for the species to complete its lifecycle69.  

Relevant marine data for this feature has not been collected and records within the Severn Estuary 

itself are lacking, with the most recent observation logged in 193366. NRW Monitoring programmes in 

the River Usk and Wye have previously assessed ammocoete densities as failing from 2007 - 201267. 

Water quality deterioration has been highlighted as a factor directly impacting on the condition of this 

feature in the Severn Estuary SAC such as changes in water temperature and dissolved oxygen67. 

Twaite shad 

Twaite shad is found along the western coastline of Europe, from southern Norway to Morocco and 

along the eastern Mediterranean, but the species has declined in numbers substantially throughout 

Europe68. Populations in the Severn Estuary utilise the River Seven, Usk and Wye as spawning grounds 

(freshwater phase around 3 months67) and the estuary itself as nursery habitat where juvenile shad 

feed on plankton69. Adult twaite shad migrate upstream to spawn from mid May – mid July68. Access to 

these functional habitats is vital for the species to complete its lifecycle. There are several twaite shad 

records in the Severn Estuary from 1976 – 200270. Monitoring conducted by NRW in the River Severn 

identified that the twaite shad population had declined from historic levels due to the presence of 

navigation weirs, that prevented access to 90% of rivers formerly accessible length67. Water quality 

deterioration has also been highlighted as a factor directly impacting on the condition of this feature in 

the Severn Estuary SAC67.  

5.1.2 Severn Estuary Ramsar Site 

The boundary of the Severn Estuary Ramsar site (central location: Latitude 51.2247222, Longitude -

3.0491666) covers 246.63km² of the Severn Estuary which includes an extensive tidal zone consisting 

of Atlantic saltmarsh, mudflats, sandflats and rocky shores71. The strong tidal regime and high turbidity 

have produced unique communities that are able to withstand the extreme conditions associated with 

unstable liquified mud and tide-swept sediment. The high densities of invertebrates provide feeding 

opportunities for passage and wintering waders and waterfowl. Salicornia spp. and annual sea blite 

(Suaeda maritima) colonise open mud on the lower shore and beds of Zostera species including 

eelgrass (Zostera marina), narrow-leaved eelgrass (Zostera angustifolia) and dwarf eelgrass (Zostera 

noltei). Species in the mid-upper saltmarsh include common cordgrass (Spartina anglica), common 

saltmarsh grass (Puccinellia maritima), red fescue (Festuca rubra) and saltmarsh rush (Juncus 

gerardii)71. Connectivity with multiple river systems also provides offsite functional spawning and 

nursery habitats for several fish species. Overlapping species with the Severn Estuary SAC and SPA 

have not been included. Additional baseline information provided in the River Avon confluence to tidal 

limit Environmental Assessment Report 72.  

Allis shad 

Allis shad are present along the western coastline of Europe, from southern Scandinavia to Spain but 

like Twaite shad, numbers of declined throughout Europe and they are caught only rarely in the River 

Severn and River Wye73. Adult Allis shad remain in marine habitats until they migrate upstream from 

April – June to spawn. The Severn Estuary is of importance for Allis shad as a feeding ground where 
they predominantly feed on Mysida species in the salt wedge and as a nursery ground.

66 NBN (2019). Human observation of Petromyzon marinus (Linnaeus, 1758), Sea Lamprey recorded 1933-12-31. Bristol 
Regional Environmental Records Centre.  
67 NRW (2018). Severn Estuary / Môr Hafren Special Area of Conservation, Indicative site level feature condition 
assessments 2018. NRW Evidence Report No: 235. 
68 Maitland, P. S and Hatton-Ellis, T. W (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 2000 Rivers Ecology 
Series No. 3. English Nature, Peterborough. 
69 Natural England and Countryside Council for Wales (2009). Severn Estuary SAC, SPA and Ramsar Site: Regulation 33 
Advice. Natural England and Countryside Council for Wales, 1 – 175. 
70 NBN (2020). Occurrence records. Weblink: here. Date accessed: 08/12/2020.  
71 JNCC (2008). Information Sheet on Ramsar Wetlands (RIS), Severn Estuary. JNCC, Version 3, 1 – 13.  
72 United Utilities (2021). Severn to Thames Transfer SRO downstream River Avon confluence to the tidal limit. Report by 
Ricardo Energy and Environment.  
73 Maitland, P. S and Hatton-Ellis, T. W (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 2000 Rivers 
Ecology Series No. 3. English Nature, Peterborough. 
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Atlantic salmon 

Atlantic salmon have a large distribution from Portugal to North America and are widespread in parts of 

the UK although, poor water quality and the presence of migratory barriers have driven a decline in 

salmon populations74. The Severn Estuary provides an important migratory route to freshwater 

spawning grounds in the upper reaches of the River Severn, Wye and Usk. They feed on a range of 

fish and crustaceans76.  

Sea trout 

Sea trout is widely distributed from northern Scandinavia to northern Africa. Adult sea trout migrate 

upstream to spawn from September – December and smolts descend to the sea in spring, after up to 6 

years in freshwater habitats75. The Severn Estuary provides an important migratory route to freshwater 

spawning grounds in the upper reaches of the River Severn, Wye and Usk. They also feed extensively 

in estuaries on a range of prey including fish and crustaceans76.  

European eel 

European eel is widely distributed from northern Scandinavia to northern Africa. Juvenile and yellow 

eels inhabit both coastal and freshwater habitats and descend to the sea as silver eels from September 

– December to spawn in the Sargasso Sea75. The Severn Estuary supports an important eel and elver 
fishery and has the largest eel run in Britain76.

5.1.3 River Clun SAC 

The boundary of the River Clun SAC (central location: Latitude 52.37277778, Longitude - 2.891666667) 

covers 14.64ha. The River Clun is a tributary of the River Teme, which is the second largest tributary 

of the River Severn, draining a hilly, predominantly rural catchment of Silurian and Devonian rocks. The 

site includes only the lower reaches of the river and extends upstream from the confluence with the 

Teme to Broadward Bridge near Marlow. This section of the river holds a population of the freshwater 

pearl mussel one of the few lowland populations left in the UK. The freshwater pearl mussel larvae 

attach to the gills of salmon and trout before eventually detaching and settling in the riverbed gravels 

where they grow to adulthood. 

Freshwater Pearl Mussel 

The species is widely distributed in Europe, Fennoscandia and north-eastern North America, but has 

suffered serious decline and is threatened with extinction or is highly vulnerable in every part of its 

former range. It is listed as ‘vulnerable’ by IUCN, but is believed to be even more threatened. Outside 

Britain and Ireland, recruiting populations of international importance survive in probably fewer than 50 

rivers world-wide. However, England and Wales are each now believed to support only a single 

recruiting population. In Northern Ireland, the species formerly occurred widely in several catchments, 

but is now restricted to a few sites. Many UK rivers now contain only scattered individuals, with no 

juvenile mussels recorded; such populations may become extinct due to lack of recruitment. 

5.1.4 River Usk SAC 

The boundary of the River Usk SAC (central location: Latitude 51.79583333, Longitude - 

3.013888889)77 covers 967.97 km². The River Usk SAC rises in the Black Mountain range in the west 

of the Brecon Beacons National Park and flows east and then south, to enter the Severn Estuary at 

Newport. The run-off characteristics and nutrient status are significantly modified by land use in the 

catchment, which is predominantly pastoral with some woodland and commercial forestry in the 

headwaters and arable in the lower catchment. The Usk catchment is entirely within Wales. The 

74 Hendry, K. & Cragg-Hine, D (2003). Ecology of Atlantic Salmon. Conserving Natura 2000 Rivers Ecology Series No. 7. 
English Nature, Peterborough.  
75 Miller, P. J and Loates, M. J (1997) Fish of Britain and Europe. Harper Collins Publishers, 1 – 288. 
76 Natural England and Countryside Council for Wales (2009). Severn Estuary SAC, SPA and Ramsar Site: Regulation 33 
Advice. Natural England and Countryside Council for Wales, 1 – 175.  
77 JNCC (2016). Natura 2000 – Standard Data Form. Natura 2000 Database, European Environment Agency.  
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ecological structure and functions of the site are dependent on hydrological and geomorphological 

processes (often referred to as hydromorphological processes), as well as the quality of riparian habitats 

and connectivity of habitats. Animals that move around and sometimes leave the site, such as migratory 

fish and otters, may also be affected by factors operating outside the site.  

5.1.5 River Wye SAC 

The Wye, on the border of England and Wales, is a large river with a geologically mixed catchment, 

including shales and sandstones. There is a clear transition between the upland reaches, with 

characteristic bryophyte-dominated vegetation, and the lower reaches, with extensive water crow-foot 

Ranunculus beds. It represents most of the habitat conditions in which bullhead occurs in Britain. The 

site provides exceptionally good quality habitat for lampreys and supports healthy populations. The sea 

lamprey population is found in the main stem below Llyswen, whilst river and brook lampreys are widely 

distributed in the catchment. The Wye also contains high quality spawning grounds and juvenile habitat 

for Atlantic salmon. Twaite shad Alosa fallax have long been abundant in the Wye. The river also 

supports allis shad A. alosa. 

5.2 Vyrnwy Reservoir release (75 Ml/d) 

Vyrnwy reservoir regulation release involves the release of water from Lake Vyrnwy Reservoir into the 

River Vyrnwy for regulation of flow in the River Severn and downstream re-abstraction from the River 

Severn at Deerhurst. The water will subsequently be transferred into the River Thames to supply TW. 

The reservoir is owned and operated by WwTW but predominately supplies water to UU who hold the 

abstraction rights for the reservoir and who have offered the water to TW when required. 

5.2.1 Potentially Affected European Sites 

The HRA Screening concluded that implementation of Vyrnwy Reservoir regulation releases has the 

potential to result in likely significant effects on the Severn Estuary SAC and Ramsar Site.  

Monitoring undertaken during trial releases in support of the investigations of physical losses from a 

Vyrnwy reservoir support release concluded that a 75Ml/d release (in addition to the 45Ml/d) will not 

result in increased velocities and depth that would result in impacts on the fish community of the reaches 

of the River Vyrnwy from downstream of the reservoir to the confluence with the River Banwy78. Further 

monitoring is required to support the conclusions.  It is noted that the Vyrnwy Reservoir forms part of 

the River Severn Regulation operation and a review of the past 10 years of data suggests that releases 

in support of a STT could often occur when regulation releases are being made. At times of both 

regulation and support release, flows would exceed the recommended 75Ml/d releases). 

The following qualifying features of the Severn Estuary SAC and Ramsar Site were screened in for 

further assessment through Appropriate Assessment:  

• Sea lamprey: increase in water flow could cause disturbance and/or displacement of 

ammocoetes present in nursery habitats in the River Vyrnwy, increase energy expenditure 

required to successfully migrate to spawn upstream during severe drought conditions and alter 

the structure and function of suitable spawning habitats.  

• River lamprey: increase in water flow could cause disturbance and/or displacement of 

ammocoetes present in nursery habitats in the River Vyrnwy, increase energy expenditure 

required to successfully migrate to spawn upstream during very dry weather, drought conditions 

and severe drought conditions, and alter the structure and function of suitable spawning 

habitats.  

• Twaite shad: increase in water flow could increase energy expenditure required to successfully 

migrate to spawn upstream during very dry weather, drought conditions and severe drought 

conditions, and alter the structure and function of suitable spawning habitats.  

 

78 Ricardo Energy & Environment. Severn to Thames Transfer SRO. River Vyrnwy Test Releases. Initial Ecological 
Findings. Report for Thames Water. 1 February 2021 
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• Allis shad: increase in water flow could increase energy expenditure required to successfully 

migrate to spawn upstream during severe drought conditions and alter the structure and 

function of suitable spawning habitats. Migration upstream occurs from April – June typically79.  

• Atlantic salmon: increase in water flow could alter the structure and function of suitable 

spawning habitats. Migration upstream occurs from November – December typically80.  

• Sea trout: increase in water flow could increase energy expenditure required to successfully 

migrate to spawn upstream during dry weather periods, drought conditions and severe drought 

conditions, and alter the structure and function of suitable spawning habitats. Migration 

upstream occurs from September – December typically80.  

Conservation Objectives and Favourable Condition Targets  

Specific attributes and targets associated with the conservation objectives for each qualifying feature of 

the SAC are provided in Table 5.1 and current conservation status, SSSI condition assessment and 

site improvement plan are provided in Table 4.2. 

 

 

79 Maitland, P. S and Hatton-Ellis, T. S (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 

2000 Rivers Ecology Series No. 3. English Nature, Peterborough.  
80 Miller, P. J and Loates, M. J (1997) Fish of Britain and Europe. Harper Collins Publishers, 1 – 288.  
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5.3 River Vyrnwy Mitigation – Vyrnwy release (100 Ml/d) and 

Bypass (80 Ml/d)  

5.3.1 Potentially Affected European Sites 

The HRA Screening concluded that implementation of River Vyrnwy Mitigation – Vyrnwy release (100 

Ml/d) and Bypass (80 Ml/d) has the potential to result in likely significant effects on the Severn Estuary 

SAC and Ramsar Site. The following qualifying features of the Severn Estuary SAC and Ramsar Site 

were screened in for further assessment through Appropriate Assessment:  

• Sea lamprey: increase in water flow could cause disturbance and/or displacement of 

ammocoetes present in nursery habitats in the River Vyrnwy, increase energy expenditure 

required to successfully migrate to spawn upstream during severe drought conditions and alter 

the structure and function of suitable spawning habitats.  

• River lamprey: increase in water flow could cause disturbance and/or displacement of 

ammocoetes present in nursery habitats in the River Vyrnwy, increase energy expenditure 

required to successfully migrate to spawn upstream during very dry weather, drought conditions 

and severe drought conditions, and alter the structure and function of suitable spawning 

habitats.  

• Twaite shad: increase in water flow could increase energy expenditure required to successfully 

migrate to spawn upstream during very dry weather, drought conditions and severe drought 

conditions, and alter the structure and function of suitable spawning habitats.  

• Allis shad: increase in water flow could increase energy expenditure required to successfully 

migrate to spawn upstream during severe drought conditions and alter the structure and 

function of suitable spawning habitats. Migration upstream occurs from April – June typically91.  

• Atlantic salmon: increase in water flow could alter the structure and function of suitable 

spawning habitats. Migration upstream occurs from November – December typically92.  

• Sea trout: increase in water flow could increase energy expenditure required to successfully 

migrate to spawn upstream during dry weather periods, drought conditions and severe drought 

conditions, and alter the structure and function of suitable spawning habitats. Migration 

upstream occurs from September – December typically.  

Conservation Objectives and Favourable Condition Targets  

Specific attributes and targets associated with the conservation objectives for each qualifying feature of 

the SAC are provided in Table 5.2 and current conservation status, SSSI condition assessment and 

site improvement plan are provided in Table 4.2.  

 

 

91 Maitland, P. S and Hatton-Ellis, T. S (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 

2000 Rivers Ecology Series No. 3. English Nature, Peterborough.  
92 Miller, P. J and Loates, M. J (1997) Fish of Britain and Europe. Harper Collins Publishers, 1 – 288.  
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5.4 River Vyrnwy Mitigation, Vyrnwy Bypass release (155 Ml/d) 

This element comprises a raw water pipeline which will transport 155 Ml/d from the Vyrnwy Aqueduct, 

(which feeds Oswestry WTW) to the River Vyrnwy. The pipeline will be sized for 180 Ml/d and is a 

mitigation measure for the impact of a release from the Lake Vyrnwy source support element on the 

River Vyrnwy.  

This element will also include a contribution of 25 Ml/d from the abstraction reduction at Shrewsbury, to 

contribute a total of 180 Ml/d to the STT scheme.  

The construction impacts associated with this element will be similar to those assessed for the River 

Vyrnwy Mitigation, Vyrnwy Release (100Mld) and Bypass (80Ml/d) (see Table 5.2).  

Operationally, the impacts on the physical environment will be comparable to those of the Vyrnwy 

Mitigation, Vyrnwy Release (100Mld) and Bypass (80Ml/d) (see Table 5.2). The exception will be the 

zone of influence which will be limited to the reaches of the River Vyrnwy downstream of the bypass 

outfall to the River Severn.  

As such, the conclusions in Table 5.2 are also applicable to this element. 
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5.5 Minworth WwTW discharge diversion (115Ml/d)   

Currently water from STW’s Minworth WwTW is discharged into the River Tame, a tributary of the River 

Trent.  It is proposed to divert a 115 Ml/d portion to a new outfall on the River Avon and hence into the 

River Severn catchment to support STT abstraction from the River Severn at Deerhurst. WwTW 

discharge transfer for STT support would not be continuous – only discharging to the River Avon 

according to an operating regime when support is required to enable abstraction from the River Severn.  

The discharge would be a regulating release augmenting flows in the downstream Rivers Avon and 

Severn to the STT abstraction location at Deerhurst. 

The element will have result in a transfer of up to 115 Ml/d into the River Avon and is also subject of a 

separate assessment under the STW Minworth SRO. 

The HRA Screening concluded that implementation of Minworth WwTW discharge diversion (115Ml/d)   

potential to result in likely significant effects on the River Clun SAC, River Usk SAC, River Wye SAC 

and the Severn Estuary SAC and Ramsar Site. 

The following qualifying features were screened in for further assessment through Appropriate 

Assessment:  

• Freshwater Pearl Mussel: The freshwater pearl mussel larvae attach to the gills of salmon 

and trout before eventually detaching and settling in the riverbed gravels where they grow to 

adulthood. The Environment Agency and Natural England has raised concerns with regards to 

the chemical cues to migration as a result of the diversion of WwTW discharge from the Tame; 

• Sea lamprey: The Environment Agency and Natural England has raised concerns with regards 

to the chemical cues to migration as a result of the diversion of WwTW discharge from the 

Tame; 

• River lamprey: The Environment Agency and Natural England has raised concerns with 

regards to the chemical cues to migration as a result of the diversion of WwTW discharge from 

the Tame; 

• Twaite shad: The Environment Agency and Natural England has raised concerns with regards 

to the chemical cues to migration as a result of the diversion of WwTW discharge from the 

Tame; 

• Allis shad: The Environment Agency and Natural England has raised concerns with regards 

to the chemical cues to migration as a result of the diversion of WwTW discharge from the 

Tame; and  

• Sea trout: The Environment Agency and Natural England has raised concerns with regards to 

the chemical cues to migration as a result of the diversion of WwTW discharge from the Tame. 

 

Conservation Objectives and Favourable Condition Targets  

Specific attributes and targets associated with the conservation objectives for each qualifying feature of 

the SAC are provided in Table 5.3 to Table 5.7 and current conservation status, SSSI condition 

assessment and site improvement plan are provided in Table 4.2. 
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shows that European eel are widespread within the catchment including the main stem River Severn and 
tributaries. 

Elver migration is not directly linked to increased flow as for salmonids, however, directional cues are still 
taken from flow. Similar to salmonid smolt, silver eel migration is linked to periods of increased flow within 
the migration window. European eel are a robust species able to deal with a wide range of water 
temperatures and water quality. 

Surveys have found juveniles European eel between Tewkesbury and Strensham on the River Avon, 
indicating the presence of suitable habitat upstream of the confluence with the River Severn. Historical 
studies have also recorded juveniles as far upstream as Chadbury on the River Avon (approximately 37 
km from the confluence with the River Severn), and elvers as far as Nafford (approximately 15 km from 
the confluence). Given the localised nature of the anticipated changes in flow, coupled with the distance 
upstream from the confluence between the River Avon and the River Severn, it is highly unlikely that the 
migratory behaviour and ability of eels will be impacted. There is some uncertainty with regards to the 
potential barriers in the River Avon and the subsequent impact of the increased through changes in 
hydraulic conditions (changes in velocity, water depth or head drop across a structure) and the 
consequences for upstream migration. 

It is widely accepted that fine-scale home stream identification during spawning migrations in anadromous 
salmonids is guided by olfaction, a hypothesis described by Hasler & Scholz (1983)157. Olfaction is a
chemoreception that forms the sense of smell in fishes and occurs when odorants bind to specific sites on 
olfactory receptors located in the nasal cavity. Juvenile migratory salmonids are thought to imprint upon 
the site-specific odour signature of their natal stream and, when they return to freshwater as spawning 
adults, they are able to discriminate that imprinted odour signature to identify, and navigate to, their natal 
river or tributary. The mechanism by which the chemical make-up of home stream water is imprinted, and 
the array of key odorants utilised during imprinting are both still poorly understood 158, 159. 

Though the exact chemical nature of the odorant profile used by salmon ids to discern their natal stream is 
not known (and may well be population and/or site-specific), it is hypothesised that these odours are a 
complex, catchment-specific mixture of inorganic and organic chemicals from soil, plants and aquatic 
organisms 112. Recent research suggests that the chemical array during imprinting is likely to consist of a
combination of amino acids, some steroids, bile acids and slats, prostaglandins and cations such as 
calcium and magnesium160. 

Recently, amino acids have been identified as a primary candidate for olfactory cues in salmonids and 
studies have demonstrated that different combinations of amino acids present in natural stream waters act 
as chemo-attractants for homing salmon (although this research is not specific to Atlantis salmon or sea 
trout), and these compounds may represent an important part of the chemical signature used to 
discriminate their home stream 161, 162_ 

In terms of bioaccumulation of olfactory inhibitors, studies have shown that exposure to a range of 
substances including metals, pesticides and surfactants can inhibit olfaction in fish (e.g. Tierney et al., 

2007163). However, olfactory toxicity occurs via multiple, complex pathways and the degree of toxicity of a
given substance is often a factor of concentration, exposure time, fish life stage and a number of 
environmental variables including pH, alkalinity, and temperature. Thus, predicting the impact of a toxic 
substance at a given concentration is complex. 

There is potential that the transfer of treated WwTW discharge into the River Avon and, subsequently the 
Severn Estuary could result in ongoing and potentially increasing bioaccumulation of olfactory inhibitors. 
The increased ratio of WwTW discharge to river water could also result in masking of essential olfactory 
cues for returning adults in the lower River Severn with associated delays. It is, therefore, possible that the 
transfer of WwTW discharge usually discharged into the River Tame into the River Avon could impact on 
the olfactory cues downstream of the confluence with the River Severn. 

157 Hasler, A.D. & Scholz, A. T. (1983). Olfactory imprinting and homing in salmon. Investigations in the mechanism of the imprinting process. 
158 McCormick, S. D., Hansen, L. P., Quinn, T. P., & Saunders, R L. (1998). Movement, migration, and smolting of Atlantic salmon (Sa Imo salar). Canadian Journal of Fisheries and Aquatic Sciences, 55(S1 ). 77-92. 
159 Ueda, H. (2012). Physiological mechanisms of imprinting and homing migration in Pacific salmon Oncorhynchus spp. Journal of Fish Biology, 81(2), 543-558. 
160 Sett, N. N., & Hinch, S. G. (2016). Olfactory navigation during spawning migrations: a review and introduction of the Hierarchical Navigation Hypothesis. Biological Reviews, 91(3), 728-759. 
161 Shoji, T., Yamamoto, Y., Nishikawa, D., Kurihara, K., & Ueda, H. (2003). Amino acids in stream water are essential for salmon homing migration. Fish Physiology and Biochemistry, 28(1-4), 249-251. 
162 Yamamoto, Y., Hino, H., & Ueda, H. (2010). Olfactory imprinting of amino acids in lacustrine sockeye salmon. PLoS One, 5(1), e8633. 
163 Tierney, K. B., Singh, C. R, Ross, P. S., & Kennedy, C. J. (2007). Relating olfactory neurotoxicity to altered olfactory-mediated behaviors in rainbow trout exposed to three currently-used pesticides. Aquatic Toxicology, 81(1 ). 55-64. 
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5.6 Pipeline conveyance, Deerhurst to Culham (300, 400 and 500 

Ml/d) 

A supported conveyance pipeline option transporting raw water from Deerhurst on the River Severn to 

Culham on the River Thames with a 300, 400 or 500Ml/d capacity Ml/d capacity and a total length of 

88 km. The element includes all engineering works required to transfer the flow to the River Thames. 

This includes the following: a river intake structure at Deerhurst including inlet screens and a twin 

pipeline to a low lift pump station, a raw water low lift pump station and a twin pipeline to the water 

treatment works, treatment works, a treated water high lift pump station, a rising main, a break pressure 

tank at the high point, a gravity main to discharge, an outfall at Culham with an actuated valve and an 

aeration cascade, washouts along the route provided with permanent discharge pipework to adjacent 

watercourses and a tee off the main pipeline for SWOX supply. 

The Environment Agency has advised a STT abstraction licence would be limited to not reduce flow 

at Deerhurst flow gauging station below 2,568 Ml/d, a hands-off flow (HoF) condition.  At flows greater 

than this HoF, up to 172Ml/d is available for abstraction without support, and at flows greater than 

3,333Ml/d an additional 355Ml/d is available for abstraction without support. As such, the impact on 

downstream river levels is not expected to be of a magnitude that would impede upstream passage of 

qualifying fish or impact on the supporting processes within the estuary. 

As such, the assessment has considered the construction activities associated with the intake and 

pipeline and operational impacts are limited to entrainment only.  

5.6.1 Potentially Affected European Sites 

The HRA Screening concluded that implementation of the pipeline conveyance from Deerhurst - 

Culham has the potential to result in likely significant effects on the Severn Estuary SAC and Ramsar 

Site. The following qualifying features of the Severn Estuary SAC and Ramsar Site were screened in 

for further assessment through Appropriate Assessment:  

• Sea lamprey: localised increases in suspended sediment (siltation and deposition), potential

invasive species spread, noise and vibration disturbance, entrapment and impingement and

potential water pollution incidents during construction. During operation reduced water flow

downstream of the intake may also cause localised changes in nutrient loading, turbidity,

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially

impacting individuals locally present and during migration upstream (April – May) to functional

spawning habitats.

• River lamprey: localised increases in suspended sediment (siltation and deposition), potential

invasive species spread, noise and vibration disturbance, entrapment and impingement and

potential water pollution incidents during construction. During operation reduced water flow

downstream of the intake may also cause localised changes in nutrient loading, turbidity,

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially

impacting individuals locally present and during migration upstream (October - December) to

functional spawning habitats.

• Twaite shad: localised increases in suspended sediment (siltation and deposition), potential

invasive species spread, noise and vibration disturbance, entrapment and impingement and

potential water pollution incidents during construction. During operation reduced water flow

downstream of the intake may also cause localised changes in nutrient loading, turbidity,

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially

impacting individuals locally present and during migration upstream (mid May – mid July) to

functional spawning habitats.

• Allis shad: localised increases in suspended sediment (siltation and deposition), potential

invasive species spread, noise and vibration disturbance, entrapment and impingement and

potential water pollution incidents during construction. During operation reduced water flow

downstream of the intake may also cause localised changes in nutrient loading, turbidity,

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially
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impacting individuals locally present and during migration upstream (April - June169) to 

functional spawning habitats.  

• Atlantic salmon: localised increases in suspended sediment (siltation and deposition), 

potential invasive species spread, noise and vibration disturbance, entrapment and 

impingement and potential water pollution incidents during construction. During operation 

reduced water flow downstream of the intake may also cause localised changes in nutrient 

loading, turbidity, salinity regime, reduced dissolved oxygen and changes in dilution of 

pollutants, potentially impacting individuals locally present and during migration upstream 

(November - December170) to functional spawning habitats.  

• Sea trout: localised increases in suspended sediment (siltation and deposition), potential 

invasive species spread, noise and vibration disturbance, entrapment and impingement and 

potential water pollution incidents during construction. During operation reduced water flow 

downstream of the intake may also cause localised changes in nutrient loading, turbidity, 

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially 

impacting individuals locally present and during migration upstream (September - December170) 

to functional spawning habitats.  

Conservation Objectives and Favourable Condition Targets  

Specific attributes and targets associated with the conservation objectives for each qualifying feature of 

the SAC are provided in Table 5.7 and current conservation status, SSSI condition assessment and 

site improvement plan are provided in Table 4.2. 

 

 

169 Maitland, P. S and Hatton-Ellis, T. S (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 
2000 Rivers Ecology Series No. 3. English Nature, Peterborough.  
170 Miller, P. J and Loates, M. J (1997) Fish of Britain and Europe. Harper Collins Publishers, 1 – 288.  
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5.7 Canal conveyance, including piping to Culham (300 Ml/d) 

The concept of canal conveyance is to utilise the historic infrastructure of the Cotswold Canals 

(Stroudwater Navigation and Thames and Severn Canals), in conjunction with the Gloucester and 

Sharpness Ship Canal, to transfer water from the River Severn to the River Thames. The engineering 

concept can be split into four broad segments: River Severn (at Gloucester) to Summit Pound; Summit 

Pound; Summit Pound to Lechlade; and Lechlade to Culham/ River Thames. 

5.7.1 Potentially Affected European Sites 

The HRA Screening concluded that implementation of the canal conveyance, including piping to 

Culahm has the potential to result in likely significant effects on the Severn Estuary SAC and Ramsar 

Site. The following qualifying features of the Severn Estuary SAC and Ramsar Site were screened in 

for further assessment through Appropriate Assessment:  

• Sea lamprey: localised increases in suspended sediment (siltation and deposition), potential 

invasive species spread, noise and vibration disturbance, entrapment and impingement and 

potential water pollution incidents during construction. During operation reduced water flow 

downstream of the intake may also cause localised changes in nutrient loading, turbidity, 

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially 

impacting individuals locally present and during migration upstream (April – May) to functional 

spawning habitats.  

• River lamprey: localised increases in suspended sediment (siltation and deposition), potential 

invasive species spread, noise and vibration disturbance, entrapment and impingement and 

potential water pollution incidents during construction. During operation reduced water flow 

downstream of the intake may also cause localised changes in nutrient loading, turbidity, 

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially 

impacting individuals locally present and during migration upstream (October - December) to 

functional spawning habitats. 

• Twaite shad: localised increases in suspended sediment (siltation and deposition), potential 

invasive species spread, noise and vibration disturbance, entrapment and impingement and 

potential water pollution incidents during construction. During operation reduced water flow 

downstream of the intake may also cause localised changes in nutrient loading, turbidity, 

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially 

impacting individuals locally present and during migration upstream (mid May – mid July) to 

functional spawning habitats. 

• Allis shad: localised increases in suspended sediment (siltation and deposition), potential 

invasive species spread, noise and vibration disturbance, entrapment and impingement and 

potential water pollution incidents during construction. During operation reduced water flow 

downstream of the intake may also cause localised changes in nutrient loading, turbidity, 

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially 

impacting individuals locally present and during migration upstream (April - June216) to 

functional spawning habitats.  

• Atlantic salmon: localised increases in suspended sediment (siltation and deposition), 

potential invasive species spread, noise and vibration disturbance, entrapment and 

impingement and potential water pollution incidents during construction. During operation 

reduced water flow downstream of the intake may also cause localised changes in nutrient 

loading, turbidity, salinity regime, reduced dissolved oxygen and changes in dilution of 

pollutants, potentially impacting individuals locally present and during migration upstream 

(November - December217) to functional spawning habitats.  

• Sea trout: localised increases in suspended sediment (siltation and deposition), potential 

invasive species spread, noise and vibration disturbance, entrapment and impingement and 

potential water pollution incidents during construction. During operation reduced water flow 

 

216 Maitland, P. S and Hatton-Ellis, T. S (2003). Ecology of the Allis and Twaite Shad. Conserving Natura 
2000 Rivers Ecology Series No. 3. English Nature, Peterborough.  
217 Miller, P. J and Loates, M. J (1997) Fish of Britain and Europe. Harper Collins Publishers, 1 – 288.  
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downstream of the intake may also cause localised changes in nutrient loading, turbidity, 

salinity regime, reduced dissolved oxygen and changes in dilution of pollutants, potentially 

impacting individuals locally present and during migration upstream (September - December170) 

to functional spawning habitats.  

Conservation Objectives and Favourable Condition Targets  

Specific attributes and targets associated with the conservation objectives for each qualifying feature of 

the SAC are provided in Table 5.8 and current conservation status, SSSI condition assessment and 

site improvement plan are provided in Table 4.2. 

 
 
 
 
 

 

 

 

 

 





























Appendix 4.2 Severn Thames Transfer SRO - Habitat Regulations Assessment  
STT-S5-022 | 3 | For issue to RAPID |  Issue number 3 | Date 21/05/2021 
 

Ricardo Confidential 136 

 

 





Appendix 4.2 Severn Thames Transfer SRO - Habitat Regulations Assessment  
STT-S5-022 | 3 | For issue to RAPID |  Issue number 3 | Date 21/05/2021 
 

Ricardo Confidential 138 

flow pattern of the River Severn up to the tidal limit. On 642 of the strategic scheme flow dates (92%) 

the same flow band would be retained, while 57 dates (8%) would result in change by one flow band.  

The scheme design will include two sets of two stage screening to exclude fish during times of operation. 

This includes large bar screens and band screens fitted with fish return channels to isolate fish and 

return individuals directly back to the watercourse.  These are compliant with current eel regulations256. 

The Environment Agency has advised a STT abstraction licence would be limited to not reduce flow at 

Deerhurst flow gauging station below 2,568 Ml/d, a hands-off flow (HoF) condition.  At flows greater 

than this HoF, up to 172Ml/d is available for abstraction without support, and at flows greater than 

3,333Ml/d an additional 355Ml/d is available for abstraction without support. These HoFs will remain in 

place and will ensure protection of flows into the River Severn to aid in migration. 

Subject to review it is understood that these HoFs relate to sustainable abstraction and neutral flow 

effects in the lower River Severn and Severn Estuary. At times of low flows locally abstraction would be 

lower, partially or wholly supported by STT support releases with no overall change in flows to the 

Severn Estuary.   

At times when the STT SRO will be operating with support, water quality impacts are expected to be 

limited. The exception is the Minworth discharge diversion element which is discussed in more detail 

below. A long-term monitoring programme indicated limited changes in water quality and that any 

changes are generally limited to the ~3km reach of the River Vyrnwy immediately downstream of the 

reservoir. Monitoring during the test releases of 180Ml/d identified that impacts on water temperature 

can be exacerbated during periods of low flow and rapidly rising or falling air temperatures. The impact 

upon temperature during support releases is greatly reduced at 75Ml/d and can be further mitigated 

through operational rules. Further monitoring and assessment will be required to understand the 

potential risk of dissolved oxygen and temperature changes associated with a River Vyrnwy Mitigation 

(bypass pipeline release) and the local impacts on the lower reaches of the River Vyrnwy. Any impacts 

on the River Severn, downstream of the confluence with the River Vyrnwy is expected to be negligible. 

For the Mythe and Shrewsbury elements, there is no risk of water quality impacts during operation as 

these elements will see water usually abstracted, remain in the River Severn and at times of low flows, 

this could be considered a minor benefit.    

There is some uncertainty regarding the water quality impacts associated with the Minworth discharge 

diversion element. To obtain a discharge permit, tertiary treatment of the effluent will be required for the 

general water chemistry, sanitary, nutrient, and some hazardous substances (nickel and mercury) 

determinands in the Minworth WwTW final effluent. More advanced treatment would be needed to 

address a number of hazardous substances including benzo(a)pyrene, bioavailable zinc, bioavailable 

nickel and bioavailable manganese. Therefore, no adverse effects are anticipated as a result of changes 

in water quality on migratory access.  

The Environment Agency and Natural England has raised concerns with regards to the chemical cues 

(olfaction) to migration as a result of the diversion of WwTW discharge from the Tame. While there is 

no known threshold in terms of dilution rate of natal water for some of the Annex II species research 

has shown that that Atlantic salmon were attracted to natal water that had been diluted to 0.1% and 

other fish species are known to discern and react to chemical cues at concentrations as low as parts 

per trillion (ppt). Considering the dilution of the WwTW discharge within the River Avon, River Severn 

and Severn Estuary, adverse effects associated with this element are not predicted. Further research 

and assessment are required in Gate 2 to confirm this conclusion.  

At times when the STT SRO will be operating with support, flow related impacts are also expected to 

be limited. Monitoring during trial releases for the Vyrnwy Reservoir option recommended that flows do 

not exceed 175Ml/d and recommended a Vyrnwy Reservoir support releases of 75Ml/d. Such a release 

will not result in increased velocities and depths that are outside the thresholds of the fish populations 

considered Annex II species of the Severn Estuary. While some localised impacts could be associated 

with the River Vyrnwy Mitigation (bypass pipeline release), the magnitude of the impact is not predicted 

 

256 UK Legislation (2009). The Eels (England and Wales) Regulations 2009. No. 3344, UK Statutory Instruments. Accessed 
from: https://www.legislation.gov.uk/uksi/2009/3344/made  
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to impact on the integrity of the Severn Estuary site. A more detailed hydrological assessment has 

indicated that flow impacts on the River Severn will be neutral.  

There remains some uncertainty with regards to the Minworth discharge diversion element. The flow 

impact in the River Avon is considered major. While it should be considered that much of the River 

Avon is level controlled, there is some uncertainty with regards to the impact on the upstream migration 

of European eel and the subsequent long-term impacts on the population of the Severn Estuary. 

The assessments assumed that the tributaries associated with the support option provides significant 

off-site functional habitat for the fish populations of the Severn Estuary protected site. This is through 

adoption of the precautionary approach and further research is required to understand the contribution 

of the fish populations to the SAC and Ramsar site (see section below). 

6.3 Monitoring/assessment requirements to inform Gate 2 

As noted in Section 3, the Gate 1 submission does not form a statutory plan or project. As such, the 

principles of the HRA process were applied to help identify risks to feasibility and deliverability of the 

elements. Several areas of uncertainty have been identified and further monitoring and assessment is 

required to inform the Gate 2 assessments. The requirements are summarised as follows: 

• There is some uncertainty regarding the suitability of habitat in the upper Severn catchment for 

shad (allis shad twaite shad) spawning and therefore the extent to which these areas may be 

colonised by shad in future following improvements in connectivity under the ‘Unlocking the 

Severn’ project. Walkover/habitat surveys to consider the potential/suitability of habitat in the 

Upper River Severn and River Vyrnwy is required. This information will help inform the potential 

risk to the Annex II feature from increased flows in the River Vyrnwy.  

• Targeted lamprey surveys are required to understand the distribution of lamprey species in the 

River Vyrnwy. This needs to inform an assessment of the potential contribution of the River 

Vyrnwy population to the Severn Estuary populations.  

• Mapping of optimal and sub-optimal lamprey ammocoete habitat is required within the River 

Vyrnwy to understand the extent to which supporting habitat is provide within the watercourse.  

• Mapping of the extent and location of lamprey spawning habitat is required within the River 

Vyrnwy to understand the extent to which supporting habitat is provide within the watercourse.  

• Mapping of the extent and location of Atlantic almon spawning and juvenile habitat is required 

within the River Vyrnwy to understand the extent to which supporting habitat is provide within 

the watercourse. 

• A review/assessment of the potential migration barriers in the River Avon is required. This 

should be supported by an assessment of the passability of the barriers in baseline/low flow 

conditions and the subsequent impact of the Minworth discharge diversion releases. 

• A more detailed assessment of the proposed mitigation measures is required. This includes 

potential changes to the Severn Regulation operational regime to avoid support and regulation 

releases in the River Vyrnwy form coinciding. 

• Assessment of the distribution of physical barriers in the River Avon that may impact on eel 

migration (upstream) and the consequent changes in passability as a result of increased flows 

• The Gate 2 assessment needs to consider future demands, future climates, cumulative 

demands, other operating requirements, other operational controls 

• The Gate 2 assessment needs to consider the impact on the River Vyrnwy as a result of the 

frequent release of supporting flows in addition to short-term regulation and flood drawdown 

releases. This is in the context of the River Vyrnwy potentially providing supporting habitats to 

the fish population of the Severn Estuary. 
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7 Conclusions and Recommendations 

The ACWG guidance states that the HRA for each SRO should be undertaken in accordance with 

available guidance for England and Wales and should be based on a precautionary approach as 

required under the HRA process. The requirement for a HRA is established through the Conservation 

of Habitats and Species Regulations 2017 (as amended), commonly referred to as the Habitats 

Regulations. 

As the Gate 1 submission does not form a statutory plan or project, UU has undertaken an assessment 

of the implications of the individual elements of the STT by adopting the principles of the HRA process 

to help identify risks to feasibility and deliverability of the elements as well as the additional monitoring 

and assessment work required to inform the formal HRA at Gate 2. 

As such, the assessment has identified where there is a risk of LSE to occur as a result of each element 

and the STT SRO and, where a risk of LSE has been identified, where adverse effect on site integrity 

are predicted.  

Screening concluded that the Vyrnwy Reservoir release (75 Ml/d), River Vyrnwy Mitigation release (100 

Ml/d) and Bypass (80 Ml/d), River Vyrnwy Mitigation release (155 Ml/d), Minworth discharge diversion 

(115Ml/d), Deerhurst to Culham pipeline conveyance (300, 400 and 500 Ml/d) and Cotswold Canal 

conveyance including piping to Culham (300 Ml/d) had potential to cause LSE on European designated 

sites alone and they were taken through to Appropriate Assessment. This was due to a clear risk of 

LSE on qualifying habitats and species of the Severn Estuary SAC and Ramsar site or where mitigation 

measures would be required.   

The Appropriate Assessment concluded that adverse effects on the site integrity of the Severn Estuary 

SAC and Ramsar site during construction and operation of the Deerhurst to Culham pipeline 

conveyance and Cotswold Canal conveyance are not predicted. This was due to consideration of the 

following embedded and additional mitigation measures: following best practice guidance for pollution 

prevention and biosecurity incidents, avoiding night-time works, using directional and/or baffled lighting 

when required, implementation of two stage screening and a hands-off flow (HoF) at the intake sites, 

to limit abstraction when flows at the gauging station are below 2,568 Ml/d. At flows greater than this 

HoF, up to 172 Ml/d is available for abstraction without support, and at flows greater than 3,333 Ml/d an 

additional 355 Ml/d is available for abstraction without support. These HoF limitations were also advised 

by the Environment Agency. Additional monitoring is required in order to determine whether suitable silt 

bed habitat for river lamprey and sea lamprey ammocoetes is present within close proximity of the 

intake sites for both elements. Water quality assessments confirmed that further study of water quality 

data, measured at NRW water quality monitoring sites is required, in order to fully determine the water 

quality and chemistry representation of the River Severn downstream of the Avon confluence prior to a 

detail assessment of impacts to water quality from STT options and schemes257.  

The Appropriate Assessment concluded that adverse effects on the site integrity of the Severn Estuary 

SAC and Ramsar site as a result of implementation of the Vyrnwy Reservoir release (75 Ml/d), River 

Vyrnwy Mitigation release (100 Ml/d) and Bypass (80 Ml/d), River Vyrnwy Mitigation release (155 Ml/d) 

are not predicted. This in in view of existing data on the velocity, depth and water quality impacts 

associated with these elements and consideration of operational measures to mitigate against any 

impacts. Further monitoring is required to understand the extent to which the River Vyrnwy provides 

supporting habitat to the fish populations of the Severn Estuary SAC and Ramsar site. 

The Appropriate Assessment concluded that no adverse effects on site integrity of the Severn Estuary 

SAC and Ramsar, River Clun SAC, River Wye SAC and River Usk SAC is predicted as a result of the 

implementation of the Minworth discharge diversion (115Ml/d) This includes the implementation of 

tertiary treatment of WwTW discharge prior to release in the River Avon and operational rules to avoid 

 

257 United Utilities (2021). Severn to Thames Transfer SRO downstream River Avon confluence to the tidal limit. Report by 

Ricardo Energy and Environment. 
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the upstream migration period of anadromous fish. There remains some uncertainty with regards to the 

potential impacts on migratory cues (chemical) and passability of barriers as a result of this element. 

The main concern relates to olfactory cues in species such as Atlantic salmon (Salmo salar), twait shad 

(Alosa fallax) sea lamprey (Petromyzon marinus), river lamprey (Lampetra fluviatilis) and European eel 

(Anguilla anguilla). European eel are also known to occur throughout the River Avon catchment and 

there is some uncertainty regarding the passability of barriers as a result of increased flow.  

The conclusion on the risk of LSE and predictions regarding adverse effects will need to be reviewed 

and updated (where required) as more information becomes available during completion of the Gate 2 

assessments. This includes consideration of any monitoring and modelling outputs made available 

between submission of this report and the end date of the Gate 2 assessments and any changes in the 

applicability and/or availability of mitigation measures.  

. 






