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Data Source Purpose 

Long term flood risk map Environment Agency10 Maps providing baseline 
information on the flood risk 
from rivers and sea, surface 
water and artificial sources 

Risk of Flooding from 
Surface Water (RoFSW) 
Mapping 

Gov.uk11 For assessment of surface 
water flood risk 

Susceptibility to 
Groundwater Flooding 
Map (StGWF) 

British Geological Survey 
(BGS) 

For assessment of 
groundwater flood risk 

Flood Risk from 
Reservoirs Mapping 

Gov.uk12 For assessing reservoir 
flood risk 

LLFA and Local Planning 
Authority (LPA) planning 
documents 

Various online sources 
including websites of county 
councils 

Includes plans and 
guidance such as Strategic 
and Preliminary Flood Risk 
Assessments (SFRAs and 
PFRAs), Catchment 
Management Plans and 
SuDs guidance 

Bedrock and superficial 
geological mapping 

British Geological Survey 
(BGS) Geology of Britain 
Viewer13 
BGS Onshore GeoIndex14 
BGS Hydrogeological 
mapping15 

Geological Mapping  

 

10 Environment Agency, 2023, Long term flood risk map, https://check-long-term-flood-
risk.service.gov.uk/map  
11 Risk of Flooding from surface Water mapping, (Online) Available at: https://flood-
warning-information.service.gov.uk/long-term-flood-risk/map  
12 Gov.uk. Check the long term flood risk for an area in England. (Online) Available at: 
https://flood-warning-information.service.gov.uk/long-term-flood-risk/map  
13 BGS Geology of Britain. (Online) Available at: 
https://mapapps.bgs.ac.uk/geologyofbritain/home.html  
14 BGS. GeoIndex Onshore. (Online) Available at: 
http://mapapps2.bgs.ac.uk/geoindex/home.html  
15 BGS. Hydrogeological mapping. (Online) Available at: 
http://www.largeimages.bgs.ac.uk/iip/hydromaps.html?id=south-downs.jp2 

https://check-long-term-flood-risk.service.gov.uk/map
https://check-long-term-flood-risk.service.gov.uk/map
https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
https://mapapps.bgs.ac.uk/geologyofbritain/home.html
http://mapapps2.bgs.ac.uk/geoindex/home.html
http://www.largeimages.bgs.ac.uk/iip/hydromaps.html?id=south-downs.jp2


https://magic.defra.gov.uk/home.htm
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2. Planning Policy Context and 
Requirements  

2.1 Introduction  

2.1.1 This section identifies the key planning policy documents that define the scope of 
this assessment and concludes by summarising the flood risk requirements 
applicable. This Section is structured in a hierarchical order, from national policy 
down to local guidance. 

2.2 National policies and guidance  

Planning Act 2008 

2.2.1 The Project is defined as a Nationally Significant Infrastructure Project (NSIP) 
under Section 14(1)(f) of the Act1 .Therefore, a DCO is required to authorise the 
Project.  

2.2.2 The Act1 requires that DCO applications must be determined in line with the 
requirements of the relevant NPSs, which provide the overarching principles 
relevant to major energy infrastructure and the policies against which applications 
for NSIPs should be determined. 

2.2.3 In a hierarchical context, the FRA will be prepared in accordance with the Act1, 
NPS EN-12, which sets out planning policy with regard to NSIPs in the energy 
sector, and NPS EN-43, which covers gas supply and storage. Reference will also 
be made to NPPF4 and its associated PPG5 as set out in the next sections. 

National Policy Statement (NPS) for Energy (EN-1) 

Overarching NPS for Energy (EN-1) 

2.2.4 The NPSs set out UK Government planning policy for NSIPs in England and 
Wales. The Overarching NPS for Energy (EN-1)2 establishes national policy for 
energy infrastructure and informs the decisions by the Secretary of State (SoS) for 
Business, Energy and Industrial Strategy (BEIS) on applications (DCOs) for 
energy developments that fall within the scope of the NPSs.  

2.2.5 Section 4.10 of NPS EN-1 discusses climate change adaption.  

2.2.6 The minimum requirements for all FRAs, irrespective of the development type, are 
set out in paragraph 5.8.15 of NPS EN-1. Section 5.8 also informs on the 
application of the Sequential and Exception Tests. These are set out in Table 7F 
2.1, together with the location in which they are addressed in this assessment. 

2.2.7 In addition to these, there are a number of other references to flood risk made 
throughout the NPS EN-1. 
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Table 7F 2.1  NPS EN-1 and minimum FRA requirements 

FRA Element EN-1 Minimum FRA Requirements Section of this FRA 

Policy The development proposal should be in line 
with any relevant national and local flood risk 
management strategies. (Section: Applicant 
assessment, paragraph 4.6.12). 

Section 2 

Scope of 
FRA 

Be proportionate to the risk and appropriate 
to the scale, nature and location of the 
Project. (Section: Applicant assessment, 
paragraph 5.8.15). 

Section 1.2 

Assessment Consider the risk of flooding arising from the 
project in addition to the risk of flooding to 
the Project. (Section: Applicant assessment, 
paragraph 5.8.15). 

Sections 5 & 5.8 

Climate 
change 

Take the impacts of climate change into 
account, across a range of climate 
scenarios, clearly stating the development 
lifetime over which the assessment has been 
made. (Section: Applicant assessment, 
paragraph 5.8.15). 

Section 2.6 

Climate 
change 

Applicants should demonstrate that 
proposals have a high level of climate 
resilience built-in from the outset and should 
also demonstrate how proposals can be 
adapted over their predicted lifetimes to 
remain resilient to a credible maximum 
climate change scenario. These results 
should be considered alongside relevant 
research which is based on the climate 
change projections. (Section: Applicant 
assessment, paragraph 4.10.11). 

Section 2.2, from 
paragraph 2.2.16 

Approach Be undertaken by competent people, as 
early as possible in the process of preparing 
the proposal. (Section: Applicant 
assessment, paragraph 5.8.15). 

All 

Baseline Be supported by appropriate data and 
information, including historical information 
on previous events. (Section: Applicant 
assessment, paragraph 5.8.15). 

Table 7F1.1  Sources 
of existing data and 
information 

Vulnerability 
and safe 
access 

Consider the vulnerability of those using the 
site, including arrangements for  

Section 7 
 













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




https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances#credible-maximum-scenarios
https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances#credible-maximum-scenarios


https://www.cheshireeast.gov.uk/pdf/planning/local-plan/local-plan-strategy-web-version-1.pdf
https://www.cheshireeast.gov.uk/pdf/planning/local-plan/local-plan-strategy-web-version-1.pdf


https://consult.cheshirewestandchester.gov.uk/kse/event/24907/section/1419339111266#1419339111266
https://consult.cheshirewestandchester.gov.uk/kse/event/24907/section/1419339111266#1419339111266
https://moderngov.halton.gov.uk/documents/s29520/CORE%20STRATEGY%20Final%20Draft.pdf
https://moderngov.halton.gov.uk/documents/s29520/CORE%20STRATEGY%20Final%20Draft.pdf
https://www.sthelens.gov.uk/media/2031/LOC001-St-Helens-Local-Plan-Core-Strategy-2012/pdf/LOC001_St._Helens_Local_Plan_Core_Strategy_2012.pdf?m=637794835913030000
https://www.sthelens.gov.uk/media/2031/LOC001-St-Helens-Local-Plan-Core-Strategy-2012/pdf/LOC001_St._Helens_Local_Plan_Core_Strategy_2012.pdf?m=637794835913030000
https://www.trafford.gov.uk/planning/strategic-planning/docs/core-strategy-adopted-final.pdf


https://www.warrington.gov.uk/LocalPlan
https://www.warrington.gov.uk/LocalPlan




https://www.legislation.gov.uk/ukpga/2010/29/contents
https://www.legislation.gov.uk/ukpga/2010/29/contents
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Halton Borough Council 

2.4.11 The Halton Borough Council LFRMS (2015) details the sources of flood risk in the 
Borough, including fluvial, surface water and canals. The SFRA (2011) also 
discusses the residual risks associated with the canals present in the Borough. No 
information on OWC is available from HBC. 

St Helens Borough Council 

2.4.12 The St Helens Borough Council LFRMS (2014) details the potential flood risk in 
the Borough and the effect of climate change on future flood risk. The position of 
St Helens at the top of the Mersey sub-catchment means that the fluvial flood risk 
is generally low. The pFRA (2017) identifies surface water flooding as a major 
source of flood risk in the Borough. 

Trafford Council 

2.4.13 Trafford Council are responsible for local flood risk management within their 
region, which involves developing and maintaining a strategy for the management 
of local flood risk. The LFRMS (2014) details the various sources of flood risk 
including surface water, groundwater, fluvial and canal. The SFRA (2011) 
highlights that surface water poses the most significant risk in the region. 

2.4.14 Trafford Council uses the North West SuDS Pro-forma, which states that if 
development proposals are within 8m of the top of the banks of an Ordinary 
Watercourse, or make changes to such a watercourse, then a OWC may be 
required in addition to planning permission. 

Warrington Borough Council 

2.4.15 Warrington Borough Council LFRMS (2017) sets out their position in relation to 
managing, regulating and coordinating the local flood risk, including flooding from 
other sources, including surface water, groundwater and the sewer network. The 
SFRA (2011) highlights that the River Mersey and its tributaries that run through 
the borough are the primary source of flood risk. Tidal flooding is also highlighted 
as a risk due to the tidal influence on the River Mersey extending to Howley Weir 
in Warrington. 

2.4.16 Warrington Borough Council works with the Environment Agency and United 
Utilities on the Sankey Brook Flood Risk Management Scheme. The Scheme is 
located east of Warrington, north of the proposed Higher Walton HAGI (HWH 1). 
The Scheme does not intersect with the Draft Order Limits of the Project, however 
further consultation will be undertaken to determine whether changes to flow rates 
in the River Mersey may affect the Project.  

2.4.17 The Scheme aims to reduce tidal and fluvial flood risk to more than 1,700 
residential and business properties currently at risk of flooding with a 1% chance 
of occurring in any given year. The Scheme comprises linear defences 
(maximising use of natural floodplain), conveyance improvements at Old Liverpool 
Road (Sankey Bridges), a tidal gate on Dallam Brook, refurbishment of Longford 
Barrage (UU asset), residual flood risk mitigation measures (SuDs, attenuation, 
localised pumping), and local flood resilience measures. The scheme is expected 
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Table 7F 2.6  Local SuDS standards per LLFA 

 Cheshire East Cheshire West 
and Chester 

Halton* St Helens* Trafford Warrington 

Consider 
connections 
to highways 
and drains 

Consent is 
needed, as well 
as consent from 
the owner of the 
drain or sewer 
pipes. 

Not required, 
unless solely 
water from 
highway gullies 

N/A N/A Not Specified Consultation is 
required withthe 
Highways 
Authority if SuDS 
would impact on 
adopted public 
highways or 
discharge surface 
water to highways 
and drainage 
systems.  

Minimum 
Brownfield 
Discharge 
Rate 
reduction 

Discharge rates 
will need to be 
reduced in line 
with the non-
Statutory 
Technical 
Standards for 
Sustainable 
Drainage 
Systems (2015). 

Must be designed 
to 30% reduction 

N/A N/A Must be 
designed to 
greenfield site 
rates 

Existing brownfield 
rates will need to 
be taken into 
consideration.  

Greenfield 
Discharge 
Rate to be 
used 

Greenfield rate 
or less will need 
to be used 

Use of IH124 
method 
appropriate 

N/A N/A Must be 
designed to 
greenfield rate 
or less 

Must be designed 
to greenfield rate 
or less 
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 Cheshire East Cheshire West 
and Chester 

Halton* St Helens* Trafford Warrington 

Climate 
Change 
Allowance 

Not specified. Must use the 
Environment 
Agency climate 
change rainfall 
intensity 
allowance.  

N/A N/A Must use 40% Must use 20% 
allowance on 
rainfall intensity for 
non-residential 
developments.  

Urban 
Creep 
Allowance 

Not specified. Must use 10% 
urban creep 
allowance 

N/A N/A Must use 10% 
urban creep 
allowance 

Urban creep 
allowance 
depends on 
number of 
dwellings per ha: 
 
If 25 or fewer 
dwellings/ha, use 
10% 
26-30 
dwellings/ha, use 
8% 
31-35 
dwellings/ha, use 
6% 
36-45 
dwellings/ha, use 
4% 
If 50 or more 
dwellings/ha, use 
2% 
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 Cheshire East Cheshire West 
and Chester 

Halton* St Helens* Trafford Warrington 

For Flats and 
Apartments, use 
0% 

Identified 
Special 
Areas of 
Drainage 

Development 
proposals for 
critical drainage 
areas must 
address and 
mitigate known 
risks in the area. 

All development 
in designated 
Critical Drainage 
Areas (CDAs) 
would be 
required to 
incorporate 
measures to 
alleviate surface 
water flood risk 
through the 
layout and form 
of the 
development, 
including the 
appropriate 
application of 
SuDS to intercept 
and attenuate 
overland flow and 
drained water. 

N/A N/A Developments 
in a CDA must 
submit a 
Site-Specific 
FRA, 
Sustainable 
Drainage 
Strategy and a 
Sustainable 
Drainage 
Strategy Pro 
Forma in the 
planning 
application.  

Recommended 
that within CDAs, a 
reduction of 50% 
in surface water 
discharge rates 
from new 
development on 
brownfield sites 
and a reduction to 
greenfield rates on 
all other 
development sites 
is achieved. 

Local SuDS 
Guidance 

All developments 
in Cheshire East 

Must consider 
biodiversity and 
water quality 

N/A N/A N/A Must design SuDS 
so that they are 
easy to maintain 
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 Cheshire East Cheshire West 
and Chester 

Halton* St Helens* Trafford Warrington 

are required to 
have SuDS. 

benefits into 
SuDS design.  

and minimise risk 
of blockage. 
 
Must demonstrate 
how pollutants are 
prevented or 
controlled by 
SuDS scheme. 
 
Must follow 
principles of the 
SuDS 
Management 
Train.  

* Local SuDS guidance for Halton and St. Helens has not been made available. 



https://www.gov.uk/guidance/flood-risk-assessment-for-planning-applications
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3.3 Climate  

3.3.1 The average annual total rainfall is 729mm, based on the Hawarden Airport34 
climate station, located 13km north-west of the Draft Order Limits. This is lower 
than the average for the North West of England. The average monthly rainfall is 
61mm, with the highest levels of rainfall observed in October (76.24mm) the 
lowest levels observed in March (48.22mm). The Woodford (Greater Manchester) 
climate station, located approximately 12km to the east, has higher average 
annual rainfall (868mm) than the Hawarden Airport climate station, located west of 
the Draft Order Limits. 

3.4 Topography  

3.4.1 Elevations within the Draft Order Limits range from 5mAOD to 70mAOD, with the 
lowest lying land located in areas adjacent to the Mersey Estuary, lower River 
Mersey, Weaver Navigation and Manchester Ship Canal in the western of part of 
the Draft Order Limits. The areas of highest elevation within the Draft Order Limits 
are areas located within Runcorn up to 70mAOD on Runcorn Hill, and in the South 
Corridor which continues south-east towards Northwich and rises to 50mAOD in 
parts. The areas surrounding Northwich levels rise up to between 40mAOD and 
50mAOD. The highest points in the Higher Walton area range between 40mAOD 
and 50mAOD. 

3.5 Geology, Hydrogeology and Soils  

3.5.1 The Draft Order Limits are predominantly located on triassic bedrock geology 
consisting of sandstone, mudstone, siltstone and conglomerates with some coal 
formations in the north.  

3.5.2 These bedrock formations are obscured in the majority of locations by superficial 
deposits of till, sand, gravel, and alluvium, with some isolated pockets of peat 
along the East Corridor and West Corridor. The alluvium is associated with the 
route of the River Weaver and River Mersey. Overlying soils are a mix of wet 
loamy and clayey soils and free-draining sandy soils with some pockets of peat 
soils. 

3.5.3 Sections of the West, North and East Corridors are underlain by principal bedrock 
aquifers, the remainder of the Draft Order Limits is underlain by secondary 
bedrock aquifers. In addition, large parts of the Draft Order Limits are also 
underlain by secondary superficial aquifers. 

 

34 Met Office, (2022). Hawarden (Flintshire) UK climate averages. (online) Available at: 
https://www.metoffice.gov.uk/research/climate/maps-and-data/uk-climate-
averages/gcmys019j (Accessed 16 May 2022). 

https://www.metoffice.gov.uk/research/climate/maps-and-data/uk-climate-averages/gcmys019j
https://www.metoffice.gov.uk/research/climate/maps-and-data/uk-climate-averages/gcmys019j












https://www2.bgs.ac.uk/groundwater/datainfo/GFSD.html
https://www2.bgs.ac.uk/groundwater/datainfo/GFSD.html
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Source of 
flooding 

Risk 
posed 

Potential connection to the Project Draft 
Order Limits 

Screened 
in? 

under fluvial flood risk (second item in this 
table). 

Artificial - 
Sewer 

Negligible A review of the SFRAs for the Draft Order Limits 
determines that there are no concentrated areas 
of high sewer flood risk within the Draft Order 
Limits. Above ground permanent infrastructure 
is predominantly proposed in rural (greenfield) 
or industrial (brownfield) area. Also, no areas of 
permanent above ground infrastructure coincide 
with areas of known sewer flooding and the 
Project would not require integration into any 
existing sewer networks. Therefore, the risk 
posed by sewer flooding is considered to be 
negligible. In the event that sewer flooding 
occurs, it is anticipated that the flooding would 
follow the natural topography of the landscape 
and accumulate in low-lying areas, therefore 
patterns would be similar to that associated with 
surface water flooding. Therefore, the risk of 
sewer flooding is not considered further in 
this FRA. 

No 

Artificial - 
Canal 

Low risk Five canals are present within the Draft Order 
Limits: Bridgewater Canal, Manchester Ship 
Canal, Sankey Canal, Trent and Mersey Canal, 
and Weaver Navigation. Canals and their 
associated structures are maintained and 
regulated to maintain a constant water volume 
so do not pose a risk of flooding the event of a 
storm event. They do however pose a residual 
risk as a consequence of a breach if the Canal 
is impounded and raised above ground.  
 
For the permanent above ground infrastructure, 
located near a canal, the FRA includes an 
assessment of the residual risk of canal breach 
where applicable. Chapter 7: Water 
Environment Section 7.14 contains further 
details of canals in the Draft Order Limits. 

Yes, as a 
residual 
risk 
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Material 
Storage Area 

Flood 
Zone 

Tidal 
Flooding 

Fluvial 
Flooding 

Benefitting 
from 
defences 

Surface Water 
Flooding 

Reservoir 
Inundation 

Groundwater 
flooding 

of property situated 
below ground level 

Sworton 
Heath 1 

1 No risk No risk  n/a Very low risk No risk  No risk 

Broomedge 1 No risk No risk  n/a Flow path at 0.1% 
AEP 

No risk Potential for 
groundwater flooding 
to occur at surface 

Cuerdley 1 1 No risk  No risk  n/a Ponding along the 
North border at 0.1% 
AEP 

No risk Limited potential for 
groundwater flooding 
to occur 

Bostock 
Green 

1 No risk  No risk  n/a Very low risk No risk Potential for 
groundwater flooding 
to occur at surface 

Sworton 
Heath 2 

1 No risk  No risk  n/a Very low risk No risk No Risk 

Warburton 2 1 No risk  No risk  n/a Ponding at 3.33% 
AEP 

No risk Potential for 
groundwater flooding 
of property situated 
below ground level 
and at surface 
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Material 
Storage Area 

Flood 
Zone 

Tidal 
Flooding 

Fluvial 
Flooding 

Benefitting 
from 
defences 

Surface Water 
Flooding 

Reservoir 
Inundation 

Groundwater 
flooding 

Warburton 1 1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 

Cuerdley 2 1 No risk  No risk  n/a Flow path at 0.1% 
AEP 

No risk Limited potential for 
groundwater flooding 
to occur 

Union Bank 1 No risk  No risk  n/a Ponding at 0.1% AEP No risk Limited potential for 
groundwater flooding 
to occur 

Sutton Manor 1, 
except 
small 
part in 
FZ 2  

No risk Yes, from 
Pendlebury 
Brook 

No Ponding at 0.1% AEP No risk Potential for 
groundwater flooding 
of property situated 
below ground level 

Preston on 
the Hill 1 

1 No risk  No risk  n/a Very low risk No risk Potential for 
groundwater flooding 
of property situated 
below ground level 

Preston on 
the Hill 3 

1 No risk  No risk  n/a Very low risk No risk Potential for 
groundwater flooding 
of property situated 
below ground level 
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Material 
Storage Area 

Flood 
Zone 

Tidal 
Flooding 

Fluvial 
Flooding 

Benefitting 
from 
defences 

Surface Water 
Flooding 

Reservoir 
Inundation 

Groundwater 
flooding 

of property situated 
below ground level 

Station Road 1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 

Cuerdley 3 1 No risk  No risk  n/a Flow Path at 0.1% 
AEP 

No risk Limited potential for 
groundwater flooding 
to occur 

Preston on 
the Hill 2 

1 No risk  No risk  n/a Very low risk No risk partially at Potential 
for groundwater 
flooding of property 
situated below 
ground level 

Sandiway 1 1 No risk  No risk  n/a Flow path at 0.1% 
AEP 

No risk Potential for 
groundwater flooding 
to occur at surface 

Sandiway 2 1 No risk  No risk  n/a Very low risk No risk Potential for 
groundwater flooding 
to occur at surface 

Warrington 1 1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 
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Material 
Storage Area 

Flood 
Zone 

Tidal 
Flooding 

Fluvial 
Flooding 

Benefitting 
from 
defences 

Surface Water 
Flooding 

Reservoir 
Inundation 

Groundwater 
flooding 

Warrington 2 1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 

Sherdley 
Road 1 

1 No risk  No risk  n/a Very low risk No risk No Risk 

Sherdley 
Road 2 

1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 

Sherdley 
Road 1a 

1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 

Sherdley 
Road 2a 

1 No risk  No risk  n/a Very low risk No risk Limited potential for 
groundwater flooding 
to occur 

 

 



https://www.gov.uk/government/publications/environmental-permitting-regulations-exempt-flood-risk-activities/exempt-flood-risk-activities-environmental-permits#service-crossing-below-the-bed-of-a-main-river-not-involving-an-open-cut-technique-fra3
https://www.gov.uk/government/publications/environmental-permitting-regulations-exempt-flood-risk-activities/exempt-flood-risk-activities-environmental-permits#service-crossing-below-the-bed-of-a-main-river-not-involving-an-open-cut-technique-fra3
https://www.gov.uk/government/publications/environmental-permitting-regulations-exempt-flood-risk-activities/exempt-flood-risk-activities-environmental-permits#service-crossing-below-the-bed-of-a-main-river-not-involving-an-open-cut-technique-fra3
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5.5 Trenchless Crossing Compounds  

5.5.1 There are 104 trenchless compounds proposed to support the construction of 
pipeline crossings of watercourses, roads and utilities.  At this stage, 24 of these 
compounds remain as options. Further information on these is provided in 
paragraph 5.5.7 and Table 7F 5.2 below. 

5.5.2 Out of the total 104 trenchless crossing compounds, 22 would be located in Flood 
Zone 3, and four in Flood Zone 2. One is located in Acton Bridge on the left bank 
of the River Weaver in an area where recent historic flooding has been 
experienced. The boundaries of 11 trenchless crossing compound sites are within 
8m of a non-tidal Main River or 16m tidal Main River and may require a full FRAP. 
Wherever possible, opportunities have been sought to relocate those trenchless 
crossing compounds at locations deemed to be at lower flood risk. However, as  
trenchless crossings are being used to cross watercourses, it may not be possible 
to site trenchless crossing compounds outside of the floodplain, especially of the 
large rivers in the Draft Order Limits (e.g. River Weaver; River Mersey), due to 
their need for a location close to a watercourse crossing. This is the case for the 
three trenchless crossing compound options associated with crossing the River 
Mersey near Rocksavage HAGI, which intersect with Flood Zone 3. 

5.5.3 Around 50 of the trenchless crossing compounds have some element of surface 
water flood risk associated with them, although this generally consists of minor 
areas of ponding across the sites. Eight trenchless crossing compounds have 
some areas of the site at risk of surface water flooding even in a 3.33% AEP 
event. There are 28 trenchless crossing compounds in areas with a risk of 
groundwater flooding at surface and 17 at risk of groundwater flooding below 
ground level (which may affect HDD launch and reception pits, for example). 

5.5.4 Where fluvial and surface water flood risks have been identified they do not 
necessarily cover the entire site. As such it may be possible to sequentially plan 
any temporary compound to manage this risk to ensure no loss of storage or 
interruption to conveyance pathways and thereby minimise impacts on external 
receptors.   

5.5.5 There is the potential for excavated materials, soil from the soil processing plant, 
materials from settlement pits or drilling mud/ slurry processing, stored materials 
and equipment, fuel from the fuelling area, and waste from waste disposal to 
become mobilised in case of the trenchless crossing compound becoming 
inundated during times of flooding. Deposition with flood waters of such materials 
elsewhere could lead to damage or obstruction downstream, thus increasing the 
flood and pollution risk to non-project receptors. There is a potential to increase 
the flood risk from discharges from dewatering of launch and reception pits.  

5.5.6 The length of time a trenchless crossing site would be in use varies depending on 
the technique, complexity, depth and length of crossing. This may vary between 
one to six months. Where sources of flood risk cannot be avoided, the timing of 
construction would be between March and September so it occurs at a time of 
year with less risk of flooding. Some continuous (24 hour) working may be 
required as defined in paragraph 2.5.15 of Chapter 2: The Project. 
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5.5.7 The risk of flooding for the trenchless crossing compounds options is summarised 
in Table 7F 5.2. 
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Compound 
ID 

Associated element  Crossing type Flood 
Zone 

Surface water 
flooding 

Groundwater flooding 

19 South Corridor: 
Option pipeline route 
SP7 

HDD Entry/ 
Microtunnel Entry 

1 Flow path at 3.33% 
AEP 

Potential for groundwater flooding of 
property situated below ground level 

18 Microtunnel Entry/ 
HDD Exit 

1 No Potential for groundwater flooding to 
occur at surface 

58 East Corridor: 
Options for crossing 
M6 

HDD Exit/ Microtunnel 
Entry 

1 Ponding at 0.1% 
AEP 

Potential for groundwater flooding to 
occur at surface 

78 Microtunnel Entry 1 Ponding at 0.1% 
AEP 

Potential for groundwater flooding to 
occur at surface 

59 Microtunnel Entry/ 
HDD Exit 

3 0.1% AEP No risk 

50 North Corridor: 
Options for Higher 
Walton 

Microtunnel Exit 3 No Limited potential for groundwater 
flooding to occur 

100 Microtunnel Exit 3 No Limited potential for groundwater 
flooding to occur 

99 Microtunnel Entry 3 No Limited potential for groundwater 
flooding to occur 

97 North Corridor: 
Option for pipeline 
route NP7 

HDD Entry 1 No Limited potential for groundwater 
flooding to occur 

96 HDD Exit 1 No Limited potential for groundwater 
flooding to occur 
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Compound 
ID 

Associated element  Crossing type Flood 
Zone 

Surface water 
flooding 

Groundwater flooding 

95 Microtunnel Exit 1 No Limited potential for groundwater 
flooding to occur 

94 Microtunnel Entry 1 No Limited potential for groundwater 
flooding to occur 

84 North Corridor: 
Option for pipeline 
route NP6 

Microtunnel Exit 1 0.1 AEP Limited potential for groundwater 
flooding to occur 

83 Microtunnel Entry 1 Ponding at 0.1% 
AEP 

Limited potential for groundwater 
flooding to occur 
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9 and Annex 7F5) show that the compound footprint is not at risk of fluvial 
flooding. 

5.7.5 The construction compound associated with Hydrogen Storage Facility (HSF) and 
Partington PH1 (compound ID 10) also have a risk of groundwater flooding at 
surface. The construction compound associated with the Warburton HAGI has 
potential for groundwater flooding of development below ground level.   

5.7.6 Four of all compounds, associated with Clockface, Central Hub, Higher Walton 
HWH2 (compound ID 7) and Partington (compound ID 5) HAGIs, have areas of 
surface water ponding within the compound footprint.  
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5.8 Block Valve Installations, DNO Connections and Pigging 
Areas  

5.8.1 The construction of Block Valve Installations, DNO Connections and Pigging 
Areas will take place within the Draft Order Limits at the designated locations. The 
risk of flooding to these locations has been considered in Sections 6.4 Block Valve 
Installations (BVIs), 6.5 DNO Connections and 6.6 Pigging Areas. In line with the 
design standards specified in Section 2.6, the impact of climate change can be 
disregarded for the construction phase.  
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6.2.6 The flow direction here would mostly be to the north-west, perpendicular to the 
pipeline, from Frodsham towards the marshes and on to the estuary. The pipeline 
could potentially cause shallow groundwater flows to back up and increase the risk 
for groundwater emergence upgradient (i.e. south-east, of the pipeline). There is 
already the potential for groundwater flooding at the surface in this area. In theory, 
this potential could increase and the area at risk could expand towards the south-
east into the settlements of Frodsham and Helsby as a result of the presence of 
the pipeline.    

6.2.7 However, horizontal groundwater flow within the surface will be minimal due to low 
permeability sediments and shallow hydraulic gradients in the area where flow is 
largely controlled by surface drainage. Furthermore, in the Frodsham area the 
pipeline runs mostly parallel to the M56, whose foundations are expected to 
already provide a barrier to shallow groundwater flow upstream of the pipeline.  
Subsurface flows intersecting with the pipeline are therefore expected to be 
slowed down already and the pipeline would therefore be unlikely to significantly 
change the current flow patterns.  

6.2.8 It is however recognised that buried channels in this area may influence 
groundwater flow and any localised impacts will be mitigated through further 
ground investigation and appropriate design. 

6.2.9 Embedded environmental measures to mitigate this risk are discussed in Section 
7.3. 

Pipeline crossings 

6.2.10 The pipeline is to be buried for its entire length; this includes where the pipeline 
route crosses watercourses. Therefore, all watercourse crossings would traverse 
the watercourses below the existing bed level to ensure no impact on the 
conveyance capacity of the watercourse and therefore no impact of flood risk to 
third party receptors.  

6.3 HAGIs  

6.3.1 Table 7F 6.1 provides an overview of the flood risk associated with the nine HAGI 
locations, and the additional two HAGI location options. It highlights the flood risk 
present at the HAGI location and indicates where a FRAP would be required as a 
consequence of proximity to a Main River or associated flood defence. 

6.3.2 Seven of the nine HAGIs listed in Table 7F 6.1 are sited in Flood Zone 1. Runcorn 
HAGI and Hydrogen Storage Facility HAGI are both in Flood Zone 1 but close to 
the edge of the existing Flood Zone 2 or 3. 

6.3.3 Six of these seven HAGIs have small, localised areas of surface water flooding 
within their boundary. The exception is Hydrogen Storage Facility HAGI, which 
only has a very low risk of flooding from surface water. It may, however, be 
susceptible to groundwater flooding at surface following prolonged heavy rainfall. 
Warburton, Clock Face and St Helens HAGI have potential for groundwater 
flooding of infrastructure below ground level. Groundwater flooding is unlikely to 
adversely impact the operational development, providing appropriate drainage is 
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6.3.12 Rocksavage LoD HAGI is not at risk from surface water and there is no potential 
for groundwater flooding at surface. The allowable surface water discharge volume 
and the attenuation provisions required have been addressed as part of the 
Outline Drainage Strategy (Annex 7F6). 

6.3.13 The Weaver Navigation Canal is located about 200m south-east of the 
Rocksavage LoD HAGI at an elevation of about 10m below the HAGI LoD. The 
Canal is owned and maintained by the Canal & River Trust. According to the data 
presented in Cheshire West and Chester Level 1 SFRA38, there are no historical 
events of canal breach. Given that the Rocksavage HAGI LoD is on higher 
elevation and based on the historical information the likelihood of canal flooding 
from canal bank failure is considered to be low. 

HPP HAGI 

6.3.14 The HPP HAGI LoD is located within the Gale Brook catchment, a tributary to the 
River Gowy (Figure 2, Sheet 1). The southwest corner of the initially proposed 
HPP HAGI location was shown to be at risk of flooding from the Gale Brook. 
Through the design process, the location was adapted and moved further east, 
away from the watercourse, in line with the embedded environmental measures C-
22 and C-9 (Table 7F 7.1), and D-1 and D-2 (Table 7F 7.2). 

6.3.15 The results of the modelling undertaken by the Environment Agency for the 
Mersey Estuary 2018 study18 indicate that the HPP HAGI LoD remains free from 
flooding in the present day 0.5% AEP tidal event. 

6.3.16 As the Project is an NSIP, maximum credible scenarios for both tidal and fluvial 
flood were investigated to ensure the resilience of the HAGI in line with the design 
standards detailed in Section 2.6. 

6.3.17 The EA Mersey Estuary 2018 model18 with updated inflows (see paragraph 6.3.10 
& Figure 5) shows that the HPP HAGI is outside the influence of tidal flooding 
from the Mersey Estuary. The peak tidal design event (0.5% AEP, higher central 
allowance up to 2095) flood levels closest to the site rise to 6.10m AOD, compared 
to a minimum site level of 9.43m (based on 1m EA LiDAR (2019) and 0.1m 
Cadent DSM39). The design flood extent is at a distance of 795m from the HAGI 
site. Even the H++ scenario flood extent does not get closer than 690m, with a 
peak flood level of 7.85mAOD. 

6.3.18 The existing EA owned model of the Gale Brook, the Stanlow Oil Refinery model21, 
was developed by Jacobs in 2019, which was itself based on the River Gowy 
Model developed by JBA in 2016.  For the purpose of this FRA, the model was 
further refined using channel survey for the Gale Brook commissioned by the 
Applicant. Furthermore, the 2D area was extended to more accurately define the 

 

38 Cheshire West and Chester Level 1 Strategic Flood Risk Assessment Available at: 
flood-risk-assessment-final-report (cheshirewestandchester.gov.uk) (Accessed: August 
2024) 

39 Sensat Survey Report (2023) for Cadent: S23314 - HyNet North West Hydrogen 
Pipeline 

https://www.cheshirewestandchester.gov.uk/documents/parking-roads-and-travel/highways/flood-risk-assessment-final-report.pdf
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However, the model was unable to cope with the high volume of inflows and no 
results could be obtained for this event.  

6.3.27 A model report is included in Annex 7F4. The results in Figure 8 show that the 
HWH2 LoD (elevated to at least to 9.2mAOD) remains free from flooding for the 
design event. The closest flood extents are in the marshes approximately 480m 
north-east of the site and rise to c. 6.3mAOD. The north bank of the Manchester 
Ship Canal at Lower Walton 1,370m east of the site gets flooded to 7.93mAOD.  

6.3.28 While no flood levels and extents could be generated for the credible maximum 
scenario, the design event suggests that there is a freeboard of at least 2.2m for 
the majority of the HWH2 LoD. It is unlikely that the credible maximum flood level 
would be more than 2.2m higher than the design level. In the east and west of the 
HWH2 LoD, there is some potential for surface water ponding, but a low risk of 
flooding from groundwater. The allowable surface water discharge volume and the 
attenuation provisions required have been addressed as part of the Outline 
Drainage Strategy (Annex 7F6). 

6.3.29 The HWH2 LoD is located on the north bank of the Manchester Ship Canal. The 
Canal is cut into the ground here, rather than embanked, therefore it is unlikely to 
breach near the HWH2 LoD.  One flood event associated with the Manchester 
Ship Canal has been reported in the Warrington Local Flood Risk Management 
Strategy40 which occurred upstream of the HWH2 LoD. Based on the information, 
the risk of canal breach is low. Risk of flooding from the Canal exceeding its 
banks, has been considered as part of fluvial flood risk in paragraphs 6.3.26 to 
6.3.28. 

Higher Walton Option HWH8 

6.3.30 The Higher Walton HAGI Option 8 (HWH8) LoD is located in the floodplain (Flood 
Zone 2 and 3) of an unnamed watercourse. The watercourse discharges into the 
Manchester Ship Canal approximately 90m north of the HWH8 LoD. At the time of 
writing the Draft Environmental Statement a modelling study is in progress to 
refine the information of fluvial flood risk for this option and will be provided for the 
final FRA supporting the DCO application.  

6.3.31 The site is not at risk of surface water or groundwater flooding. Given the HWH8 
LoD is at risk of fluvial flooding, in flood risk terms, the HWH8 LoD does not 
appear to be an improvement over the HWH2 LoD presented in paragraph 6.3.22. 

6.3.32 The HWH8 LoD is located on the south bank of the Manchester Ship Canal. The 
Canal is cut into the ground here, rather than embanked, therefore it is unlikely to 
breach near the HWH8 LoD.  Furthermore, the land to the south of the Canal 
continually rises and inundation from the Canal would therefore be routed away 
from HWH8 LoD and the risk of flooding from a canal breach is low.  

 

40 Warrington Borough Council, Flood Risk Management Strategy 2017, Warrington 
Borough Council 

https://www.warrington.gov.uk/sites/default/files/2019-10/local_flood_risk_management_strategy_2017_v7_af_approved.pdf
https://www.warrington.gov.uk/sites/default/files/2019-10/local_flood_risk_management_strategy_2017_v7_af_approved.pdf


https://www.cheshirewestandchester.gov.uk/documents/parking-roads-and-travel/highways/flood-risk-assessment-final-report.pdf
https://www.cheshirewestandchester.gov.uk/documents/parking-roads-and-travel/highways/flood-risk-assessment-final-report.pdf


https://www.manchester.gov.uk/downloads/download/3871/strategic_flood_risk_assessment-manchester_salford_trafford


F78 Prepared by WSP UK Limited for Cadent Gas Limited 
 
 
  
 

October 2024 
 HyNet North West Hydrogen Pipeline Project Draft Environmental Statement, Appendix 7F: Flood Risk Assessment 

Runcorn 

6.3.51 The Runcorn HAGI LoD is located in Flood Zone 1, approximately 250m north of 
the Weaver Navigation canal and the Flood Zones 2 and 3 associated with it 
(Figure 2, Sheet 5). The Runcorn HAGI is at situated 20m higher than the bank of 
the Canal, and therefore despite its proximity to Flood Zones 2 and 3, there is no 
risk of flooding fluvial or tidal flooding. 

6.3.52 A ditch runs through the Runcorn HAGI LoD north of the proposed HAGI layout. It 
appears to enter a culvert near the western LoD boundary, which discharges into a 
larger ditch further west, outside the Runcorn HAGI LoD.  There is no surface 
water flooding associated with the ditches. None of the proposed HAGI elements 
intersect with the ditch or culvert.  

6.3.53 An area of surface water ponding at 3.33% AEP coincides with about a third of the 
proposed footprint of Runcorn HAGI. The surface water drains towards the east 
and joins a surface water flow route.  The allowable surface water discharge 
volume and the attenuation provisions required have been addressed as part of 
the Outline Drainage Strategy (Annex 7F6). 

6.3.54 The Runcorn HAGI LoD is partially at risk of groundwater flooding, with the 
majority of the area intercepting an area with potential for groundwater flooding to 
occur at surface. 

6.3.55 Based on the available information about past canal floods43, the likelihood of 
canal breach and failure associated with the Weaver Navigation is low. The 
Weaver Navigation is cut at this location and the Runcorn HAGI LoD is elevated 
above the Canal. The risk of canal flooding from failure is therefore considered to 
be low.  

Warburton 

6.3.56 The Warburton HAGI LoD is in Flood Zone 1 and is at low risk of surface water 
flooding (Figure 2, Sheet 25). The allowable surface water discharge volume and 
the attenuation provisions required have been addressed as part of the Outline 
Drainage Strategy (Appendix 7F6). 

6.3.57 BGS groundwater flood mapping35 shown in Figure 7.9 of Chapter 7: Water 
Environment indicates that the site may be susceptible to flooding of subsurface 
structures.  

6.3.58 Warburton HAGI LoD is located between two canals, the Manchester Ship Canal 
on the west and the Bridgewater Canal on the east. Both canals are at distances 
larger than 1km and at elevations lower than the Warburton HAGI LoD location. 
The Bridgewater Canal is owned and operated by the Manchester Ship Canal 
Company in conjunction with the Bridgewater Canal Trust. Few historical flood 
events have been reported42 and none of these events affected the Warburton 

 

43 Halton Borough Council, Preliminary Flood Risk Assessment Review, 2017 Microsoft 
Word - PFRA Update 2017_v9 final - FINAL (halton.gov.uk) 

https://www3.halton.gov.uk/Documents/planning/planning%20policy/evidencebase/natural/PFRA2017.pdf
https://www3.halton.gov.uk/Documents/planning/planning%20policy/evidencebase/natural/PFRA2017.pdf
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HAGI Flood Zone Watercourse 
catchment 

NPPF 
compatible  

Distance to 
nearest Main 
River/flood 
defences 

Surface Water 
Flooding 

Reservoir 
Inundation 

Canal flooding 
from failure  

Groundwater 
flooding 

Comments 

Manchester 
Ship Canal 

Hydrogen 
Storage 
Facility 
(HSF) 

 
Predominantly 
located in Flood 
Zone 1, with the 
southern 
boundary in Flood 
Zones 2 and 3 

Puddinglake 
Brook 

Yes, as modelling 
shows LoD not at 
risk of fluvial 
flooding 

30m Minor ponding 
0.1% AEP 

No Low risk from 
Trent and 
Mersey Canal 

Potential for 
groundwater flooding 
to occur at surface 

Site close to edge 
of flood zone. 
Modelling shows 
that site remains 
outside of flood 
zone under 
influence of 
climate change. 

Central Hub 1 Whitely Brook Yes >500m Minor ponding 
0.1% AEP 

No Low risk from 
Trent and 
Mersey Canal 

Not considered to be 
prone to groundwater 
flooding 

 

Clock Face 1 Whittle Brook Yes >750m Ponding North 
side 3.33% 
AEP 

No Low risk from 
Sankey Canal 

Potential for 
groundwater flooding 
of development 
below ground level 

 

Partington 
(Option 
PH1) 

1 Manchester 
Ship Canal 

Yes >1km Minor ponding 
0.1% AEP 

No Low risk from 
Manchester 
Ship Canal 

Not considered to be 
prone to groundwater 
flooding 

 

  Red Brook  >1km      

Partington 
(Option 
PH2) 

1 River Mersey Yes >1km No No Low risk from 
Manchester 
Ship Canal 

No  

  Sinderland 
Brook 

 >900m      

Runcorn 1 Weaver 
Navigation 

Yes 30m Ponding 
3.33% AEP 

No Low risk from 
Weaver 
Navigation 
Canal 

Not considered to be 
prone to groundwater 
flooding 

Mapping indicates 
a minor 
watercourse stops 
north of site. 
Currently unknown 
if it sinks or is 
culverted under 
site. 
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HAGI, HSF HAGI and Hartford BVI, are located in areas with potential for 
groundwater flooding of property situated below ground level. 

The DNO connections are accompanying elements to the HAGIs and BVI, and 
thus share the same risk of canal flooding. The DNO connections associated with 
Runcorn, Central Hub, Stanlow HPP, Higher Walton Option HWH2, Rocksavage, 
Partington Option PH1 HAGIs and Hartford BVI are located close to a canal. 
Based on the analysis undertaken for the risk of flooding from canals for the HAGI 
and BVI sites above, it is considered that the likelihood of canal flooding and canal 
failure is low  

6.6 Pigging Areas  

6.6.1 Two permanent pigging areas are being considered: one near Partington Option 
PH1 HAGI and one near Higher Walton Option HWH2 HAGI. 

6.6.2 The pigging LoD area at Partington Option PH1 HAGI is in Flood Zone 1 and the 
risk of surface water flooding is low, only the north-west corner of the area is at 
risk of flooding at 0.1% AEP. This location is not at risk of groundwater flooding. 

6.6.3 The entire pigging area at Higher Walton Option HWH2 is in Flood Zone 2 and 3 
associated with the Manchester Ship Canal and River Mersey. However, more 
detailed modelling (see paragraphs 6.3.25 and 6.3.26, and Figures 7 and 8) 
shows that the pigging area remains outside the modelled peak flood extents for 
the tidal and fluvial design events. The Higher Walton pigging area sits at 9mAOD 
and thus 1.24m above the peak fluvial design water level of 7.76mAOD. It also 
remains dry for the tidal maximum credible scenario of the 0.5% AEP event 
(closest peak flood level of 7.93mAOD) and even in the most extreme H++ 
scenario (closest peak flood level of 8.91mAOD). 

6.6.4 Even though no model results are available for the credible maximum fluvial event, 
the Higher Walton Option HWH2 pigging area is likely to remain free from flooding 
due to its elevation of at least 9mAOD, which is 1.52m above the closest peak 
design flood level of 6.02mAOD at approximately 500m north and 1.52m above 
the next closest peak design flood level of 7.48mAOD at 790m east. This pigging 
area is not at risk of surface or groundwater flooding.  

6.6.5 As described in paragraphs 6.3.22 and 6.3.47 of this FRA, the Manchester Ship 
Canal is in vicinity of the Partington Option PH1 and Higher Walton Option HWH2 
HAGIs and their accompanying elements, such as the pigging areas. Based on the 
information about canal flooding and breach, both pigging areas are considered to 
be at low risk from canal breach and the canal flooding is considered a residual 
risk. 
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Table 7F 7.1  Embedded environmental measures relevant to flood risk during 
the construction phase 

Construction 
Element 

Flood Risk Mitigation Embedded 
Environmental 
Measure ID 

All All sources Preferential siting C-22 
 

  Stand-off distances from 
watercourses, flood defences 
and water supply and sewage 
infrastructure 

C-9 

  Construction Environmental 
Management Plan (CEMP*) 

C-1 

  Flood Emergency Response 
Plan (FERP) 

C-23 

 Surface water 
run-off 

Drainage and Water 
Management Plan (DWMP) 

C-2 

 Fluvial, 
groundwater, 
surface water 

Timing of works C-3 

 Fluvial/Tidal Stand-off distances from 
watercourses, flood defences 
and water supply and sewage 
infrastructure 

C-9 

Material storage 
areas 

Fluvial, tidal, 
surface water 

Preferential siting C-22 

Pipeline 
Crossings 

Fluvial Watercourse Crossing Plan 
(WCP) 

C-25 

  Trenchless pipeline crossings C-26 

  Trenched crossings of minor 
watercourses 

C-27 

Trenchless 
Crossing 
compounds 

All sources Minimise raised structures in 
floodplains 

C-24 

 Fluvial, tidal, 
surface water 

Preferential siting C-22 
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applied throughout the design process to minimise flood risk to and from the 
Project.  

7.3.2 The detailed modelling for the sites where potential flood risk from fluvial and/or 
tidal sources have been identified have demonstrated that these sites are safe 
from flooding from these sources for the lifetime of the Project and no further 
mitigation is required. This is provided that the location of the sites remains 
unchanged and the sites are constructed at least to existing ground levels, without 
any excavation or digging below the current ground level. However, at this stage of 
the Project, detailed designs are not all finalised. Any uncertainty regarding the 
final location of infrastructure is addressed by using Limits of Deviation (LoD), 
which delineate the area within which the infrastructure will be sited without the 
exact location having been finalised. Flood risk was assessed for the entirety of 
the LoD areas in Sections 5 and 6. 

Table 7F 7.2  Embedded environmental measures relevant to flood risk during 
the operation and maintenance phase 

Project 
Element 

Flood Risk Mitigation Embedded 
Measure 
ID 

All All sources 
 

Underground pipeline D-1 
 

  Optimisation of routing D-2 

Pipeline Groundwater 
 

Management of subsurface flow 
pathways 

D-5 

 Fluvial, Surface 
water 

Underground pipeline D-1 

HAGI, 
Block Valve 
Installation, 
DNO 
connections 
and pigging 
areas 

All sources 
 

Optimisation of routing D-2 

Surface Water 
run-off 

Development of flood protection and 
drainage measures  

D-3 

7.4 Drainage Strategies  

7.4.1 Each of the HAGI and BVI sites have different site characteristics and have 
therefore been assessed individually to establish preferred drainage solutions to 
ensure no increase in run off from the sites. Drainage strategies are provided in 
Annex 7F6. They adhere to the LLFA requirements on runoff rates and follow the 
principles of the SuDS hierarchy. 
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Technical note: 
Mersey Estuary - Model User Report 

1. Introduction 

1.1 Context 
This model user report accompanies the Hynet Flood Risk Assessment. This report documents the 
modelling undertaken using the existing Environment Agency (EA) owned model for the Mersey 
Estuary to provide updated tidal flood extents and levels incorporating the latest Coastal Flood 
Boundary (CFB) dataset1 and EA sea level rise allowances (2021) for the North West2. The 
updated flood model results are required for the assessment of tidal flood risk for the Stanlow, 
Higher Walton and Rocksavage Hydrogen Above Ground Infrastructure (HAGI) infrastructure 
elements of the wider project.  

When the original model was developed, two climate change events were modelled for the 0.5% 
AEP event considering 2065 and 2115 future epochs (50-year and 100-year), presumably based 
on applicable guidance at the time of the study.  

Updated climate change allowances have been considered and run based on the latest guidance 
within the online Planning Practice Guidance (PPG)3. As the project and associated infrastructure 
is considered to be a Nationally Significant Infrastructure Project (NSIP), an pper End  climate 
change allowance The H++ has 
also been considered as a sensitivity test, representing a credible maximum scenario. A future 
epoch of 2100 has been considered for the sea level rise allowance, assuming a 75-year design 
life.  

The model software has been updated from the original study, and hence the model has also been 
re-run for the 0.5% AEP event to provide a like-for-like comparison to understand any changes to 
modelled flood risk as a result of software version.  

1.2 Purpose and methodology 
The purpose and methodology steps of this modelling study are outlined below: 

 Review existing EA model to satisfy that it is fit for purpose to assess flood risk to the 
site;  

 Run existing EA model of the Mersey Estuary to provide flood extents and levels for 
the 0.5% AEP design event; 

 Generate new ISIS Event Data (.IED) files for the 0.5% AEP 2100 Higher Central, 
0.5% AEP 2100 Upper End and 0.5% AEP 2100 H++ climate change allowance 
events;  

1 https://www.data.gov.uk/dataset/73834283-7dc4-488a-9583-a920072d9a9d/coastal-design-sea-levels-coastal-flood-
boundary-extreme-sea-levels-2018 (Accessed February 2023) 
2 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances#sea-level-allowances (Accessed 
February 2023) 
3 https://www.gov.uk/guidance/flood-risk-and-coastal-change (accessed February 2023) 
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 Generate new ISIS Event Files (.IEF), to output results to appropriate location on the 
local system, reading in the new IED file described above and existing model elements 
(DAT file and TCF);  

 Run model using updated IEFs above, and;  

 Process results files for the area of interest. 

1.3 Data  existing model 
A data request was made to the EA in August 2022 to provide the most up to date and fit for 
purpose hydraulic model (and accompanying reports and results) of the Mersey Estuary. The 
linked 1D-2D model provided by the EA was developed in Flood Modeller (previously ISIS) and 
TUFLOW software in 2015 by JBA Consulting4, and the final report was issued in 2018. The model 
provides the best and most up to date indication of tidal flood risk within the Mersey Estuary.  

Regarding the Stanlow HAGI, the EA advised consideration of the separate River Gowy model as 
the preferred model for assessing tidal flood risk on the lower reaches of the River Gowy given that 
this model has a finer grid resolution and provides a better representation of the channel and 
hydraulic structures. However, the Stanlow HAGI site is situated outside of the River Gowy model 
domain), whereas the Mersey Estuary model includes both the River Gowy and the Stanlow HAGI 
domain (see Figure 4.3). The Gowy model uses outputs from the Mersey Estuary model to provide 
tidal boundary conditions. The Mersey Estuary Model was therefore chosen for the assessment of 
tidal flood risk to the Stanlow, Higher Walton and Rocksavage HAGIs, with the option of using the 
River Gowy model for a refined assessment of flood risk to the Stanlow HAGI, should it be needed. 
Further discussion is provided in Section 4.3. 

The supplied files and data used in this assessment are summarised in Table 1.1 below. 

Table 1.1  Supplied data 

 
For the purposes of these climate change model runs, no additional data sources have been used 
other than the model data files supplied by the EA.  The model has been reviewed, as detailed in 

 

4 JBA Consulting (2018). Mersey Estuary, Ditton Brook and River Gowy. Final Report.  

Item Description 

Product 4 Hydraulic modelling report and accompanying Hydrology report describing the project 
background and model updates incorporated.  
 
2015s3059 - Mersey Coastal Final Report.pdf 
2015s3059 - Mersey Coastal ISIS-TUFLOW modelling checkfile v11.pdf 

Product 5 Accompanying model results in GIS and .csv format for the Mersey Estuary, Ditton Brook 
and River Gowy.  

Product 6 Hydraulic model files for the ISIS (now FloodModeller) and TUFLOW model elements. 
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2. Model review 

The following sub-sections review the key elements of the existing model to 
satisfy that the model is fit for purpose to assess flood risk to the site. 

2.1 Model software 
The original JBA modelling study was carried out initially using ISIS (now FloodModeller) version 
3.7 and TUFLOW version 2013-12-AD-iSP-w64.  

The updated model runs for this assessment have been run using FloodModeller version 6.0 
(released in 2022) and TUFLOW version 2020-10-AF-iSP-w64 (released in 2022). The sensitivity 
of the model results to the updated model software versions has been assessed and detailed in 
Section 4.1. 

2.2 Topography 

LiDAR 
The current best available LiDAR data from the EA for the area of interest has been assessed 

developments (that are not captured in the existing model) that may have a bearing on flood risk. 
The DEM_Z check file represents the final model elevation used and has been used in preference 
to the input LiDAR data since it accounts for any topographic modifications applied (to represent 
developments for instance). The LiDAR used in the model is understood to have been flown in 
2013.  

A raster comparison between these two datasets has been undertaken and shown in Figure 2.1. 
The comparison indicates that differences are typically minimal (< 0.25m) across the majority of 
the TUFLOW 2D model domains. Significant differences are noted within the 1D model domain, 
however, this is to be expected given the model DEM_Z file represents the 1D channel bathymetry 
whereas the DTM only represents the water surface level. In addition, the tidal channel here is 
likely subject to significant erosion and deposition, resulting in frequent geomorphological change. 
For this reason, the 1D model domain has been excluded from the figure.  

Most notable topographic changes in the 2D model domain identified in the intervening period 
relate to developments at Ince Park off Marsh Lane, new developments in the northern portion of 
the Stanlow Oil Refinery and landscape changes at Arpley landfill site southwest of Warrington. 
However, none of the changes are deemed to have a significant bearing on flood risk to the area of 
interest for this study, given their limited scale and magnitude relative to the tidal flood events of 
concern.  Therefore, the existing model topography is deemed to be appropriate for the 
assessment of flood risk for this study.  
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Figure 2.1 Topographic comparison - LiDAR 

 

Topographic survey 
Topographic drone survey has been undertaken in 2022 as part of the project and is available for 
the Higher Walton HAGI site, which sits on the southern boundary of the 2D model extent adjacent 
to Acton Grange Viaduct. The survey data has been processed into a digital elevation model 
(DEM) for comparison against the model topography DEM_Z, as described above. The recent 
topographic survey data reveals that since the model LiDAR was flown in 2013, the HAGI site has 

 uniform platform sloping from 11.8mAOD in the west to 
9.3mAOD in the east.  

For the purposes of this assessment, incorporation of the topographic survey into the 2D model 
topography has not been deemed necessary. As shown in Figure 2.2, the 0.5% AEP 2100 H++ 
scenario flood extent is shown to intersect the HAGI layout based on the 2013 LiDAR data, 
however, the recent topographic survey reveals that the new platform level would remain well 
above (>1.5m) the peak flood level of this scenario event.  
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Figure 2.2 Topographic comparison  survey1 

 
1The 
topographic survey data in black, and peak water levels for the climate change event modelled.  

2.3 Model schematisation 
A high-level review of the model schematisation has been undertaken to satisfy that the model 
representation is appropriate for assessment of flood risk for the purposes of this study. There are 
various bridges not explicitly represented within the 1D model such as the Mersey Gateway, 
however, this is reasonable given the scale of the structures and minimal impediment to flows. No 
issues were identified with the current model schematisation which would have a significant 
bearing on flood risk within the area of interest of this study.  

3. Model development 

This section describes the new model files developed for the purposes of the 
updated climate change run. For a full overview of the existing EA model refer 
to the original model report in Appendix A. 
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3.1 Flood modeller 
For the 0.5% AEP 2100 Higher Central and Upper End scenarios, no updates have been made to 
the 1D elements of the model. However, the 0.5% AEP 2100 H++ scenario initially failed when run 
with the existing Flood Modeller 1D network as a result of reverse flow being encountered at the 

. The weir is situated on the River Mersey at 
Woolston, approximately 12km upstream of the Higher Walton HAGI and represented by two weir 
units and a syphon unit in the original model. The weir is shown in Figure 3.1 below.  

Figure 3.1 Woolston Syphon Weir 

 

Flow through the syphon unit makes up only a minor proportion of the total flow at this point, and 
the structure is a sufficient distance away from the HAGI sites of interest in this study to have no 
impact on local flood risk. Therefore, for the purposes of the H++ sensitivity test, the syphon unit 
has been removed from the model network to overcome the reverse flow model failure 
encountered in this scenario. Review of model results suggests that flow through the syphon unit in 
the original model is accommodated by the two adjacent weir units, with negligible impact to 
downstream flow or flood levels.   

Refer to Appendix A for more information regarding the 1D model including model schematic, 
details of roughness values, structures, and representation of defences. 
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3.2 TUFLOW 
Running the existing model as supplied without modification resulted in TUFLOW error message 
22325 (Failed to complete triangulation). Troubleshooting the model pointed to an issue with a 
feature in the z-shape layer , being used to define initial water 
levels within the adjacent docks along the Mersey Estuary.  

The feature in question is shown in Figure 3.2, and is believed to have had an invalid geometry 
type (ie. self-
processing tool was used to reduce the number of vertices within the feature using a tolerance of 
0.1m. The 
of 0.1m. Considering the underlying 2D cell size of 10m, this is thought to result in negligible 

model results. In addition, the feature is located well away from the area(s) of interest for this 
study.   

Figure 3.2 Erroneous z-shape feature 

 

No further model updates have been made to the model input files. An additional command has 

error message 2049, to allow an absolute value of zero (metres above ordnance datum, mAOD) to 
be set within the topography.  

It is believed that updates to the TUFLOW software versions and updates to how error messages 
are handled within TUFLOW since the time of the previous study are responsible for the initial error 

5https://wiki.tuflow.com/index.php?title=TUFLOW_Message_2232#:~:text=TUFLOW%20was%20unable%20to%20triang
ulate,image%20for%20a%20larger%20view. (Accessed March 2023) 
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messages encountered here, rather than any fundamental issues with the existing model 
configuration.  

3.3 Boundary conditions 
New Flood Modeller Event Data (.IED) files have been generated to provide the updated 0.5% 
AEP 2100 Higher Central and Upper End tidal boundaries, for the head-time (HTBDY) boundary 

. The steps used to produce the new tidal boundary conditions are described in 
the sub-section below. The fluvial inflows have been left unchanged from the original model. It is 
noted that they are identical for the present day and the climate change runs in the original model.  

The model also includes wave overtopping inflows primarily applied into domain 3 of the TUFLOW 
2D model (see Figure 3.2), in addition to 1D flow-time boundaries (QTBDY) into the Manchester 
Ship Canal. The wave overtopping inflows applied in the original model remain unchanged for 
these updated model runs. No amendments have been made to the overtopping inflows 
associated with the 0.5% AEP plus climate change events to reflect the revised tidal boundaries 
modelled, given that any differences are likely to be minor and have no bearing on flood risk to the 
area of interest for this study in domains 1 and 2.   

Tidal boundaries 
Revised tidal boundaries have been produced for 0.5% AEP 2100 Higher Central, Upper End and 
H++ climate change events, in accordance with the CFB user guide6. The peak tidal levels for 
these events are calculated from the updated CFB (2018) extreme sea level of 6.42mAOD plus an 
uplift as detailed in Table 3.2 below. 

The tidal boundary for the 0.5% AEP present day event in the original EA model peaks at 
6.127mAOD and is assumed to represent the year 2015, when the EA modelling was undertaken. 
This tidal boundary was applied for the 0.5% AEP present day event of the current model. 
Although technically it would have been more appropriate to apply a tidal boundary based on the 
updated CFB (2018) extreme sea level of 6.42mAOD, the model results show that the HAGI sites 
remain dry even in the 0.5% AEP events with the climate change allowances, showing that the 

 peak tide level is inconsequential to the 
assessment of tidal flood risk at the HAGI sites.   

The below sub-sections summarise the various steps and data inputs in producing the boundaries.  

CFB data 

The CFB 2018 data1 has been used to provide the extreme sea levels and surge shape applicable 
for the model. 
397107), which was also used in the original JBA modelling study. The CFB data set defines an 

applicable. This cut off line approximately coincides with the downstream boundary of the Mersey 
Estuary model, meaning that the CFB data is suitable for the Mersey Estuary model downstream 
boundary. The accompanying guidelines indicate to use Surge Shape 29 from donor site Liverpool 
for this section of coastline.  

Sea level rise projections 

Climate change sea level rise projections are defined by the EA per river basin district2, and 
th th percentile) climate change 

allowances. The sea level rise allowances are understood to be based on the UK Climate 

6 Environment Agency (2018). Coastal flood boundary conditions for the UK: update 2018. User guide. SC060064/TR7  
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Projections (UKCP18) Representative Concentration Pathway (RCP) 8.5 scenario.  For the H++ 
sea level rise allowance, +1.9m is used for the total sea level rise to 2100. Relevant sea level rise 
projections are shown in Table 3.1.  

Table 3.1  Sea level rise projections 
  

Sea level rise (mm/year) Total 
uplift 
(mm) 

River basin district Allowance 2000 - 2035 2036 - 2065 2066 - 2095 2096 - 2125  

North West Higher Central 4.5 7.3 10 11.2 628 

North West Upper End 5.7 9.9 14.2 16.3 867 

UK wide H++   1900 

  

The CFB 0.5% AEP extreme sea level has been uplifted based on the EA sea level rise 
allowances, to produce future 2100 extreme sea levels for the Higher Central, Upper End and H++ 
scenarios. Resultant levels are shown in Table 3.2, with comparison to the original 0.5% AEP 2065 
and 2115 levels modelled as part of the original study.  

Table 3.2  Uplifted extreme sea levels 

  Extreme sea levels (mAOD Newlyn) 

Existing boundaries (JBA) Updated boundaries 

AEP 2065 2115 2100 (HC) 2100 (UE) 2100 (H++) 

0.5% 6.4 6.8 7.1 7.3 8.3 

Base tidal curve 

In the absence of the base tidal curve used to derive the tidal boundaries in the original modelling 
study, the existing 0.5% AEP 2115 tidal boundary has been used to provide the base tidal curve. 
This has been uplifted in accordance with the CFB 2018 surge shape (with the peak surge 
coincident with the high tide peak) and to match the extreme sea levels in Table 3.2. Using the 
existing 0.5% AEP 2115 tide data as the base curve ensures consistency with the tidal curve 
shape used in the original study.  

Results 

Final tidal boundaries for the 0.5% AEP 2100 Higher Central, Upper End and H++ events are 
shown in Figure 3.3, with comparison to the existing boundaries.  
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Figure 3.3 Final tidal boundaries 

 

1d-2d linking 
No changes were made to the links between the 1D and the 2D parts of the Mersey Estuary 
model. It is noted that the Manchester Ship Canal is represented as a 1D channel and not linked to 
the 2D domain for the 2km lengths upstream or downstream of the Higher Walton site. 

In the H++ event the flood extent of the tidal River Mersey extends to the Manchester Ship Canal. 
As there is no link into the 1D domain of the Canal, glass walling occurs, including adjacent to the 
site. However, the water level gradient points away from the site in both cases. This means that if 
there were a link between the Manchester Ship Canal and the floodplain, water is likely to flow 
away from the site resulting in a lower water level than currently shown in the H++ scenario.   

Glass walling occurs elsewhere in the 2D domains during the H++ event, but the locations are far 
enough away from the HAGI sites and therefore unlikely to affect flood levels near the site.  

3.4 Model proving 
As there has been no change in the fundamentals of the model geometry or hydrology, just a 
simple uplift to model climate change, no additional calibration or sensitivity analysis has been 
carried out on the model.  Refer to Appendix A for a discussion on the calibration and model 
proving undertaken on the EA Mersey Estuary model.  
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4. Model runs 

4.1 Sensitivity testing 
The existing 0.5% AEP event has also been re-run using the updated TUFLOW version 2020-10-
AF-iSP-w64 and Flood Modeller version 6.0 to understand the impact of the updated software 
version on modelled flood results at the site. The depth difference is shown in Figure 4.1, whereby 
the updated version results have been assessed relative to the original version used.  

However, the value of the comparison is limited, as it was noted that there is a discrepancy in the 
result output resolution between the EA supplied model results (2m) and the outputs from the 
supplied model (5m, i.e. 10m TUFLOW cell size). This limits the value of the results comparison 
given that the model version is not the only variable being assessed. It is not known whether the 
supplied results have been post-processed to 2m or whether those results were produced using a 
different model configuration.  

The updated peak flood extent is broadly comparable to the original model results.  However, there 
are notable differences in the peak flood depths. In the estuary and up the river channel to a point 
some 3.5km south-west of the Higher Walton HAGI site, at NGR SJ 55405 84560, they are 
typically 0.10m lower than in the model results provided by the EA. The difference rises to 0.30m in 
the floodplain closest to the site. Some isolated areas away from the main channel experience 
between 1.00  2.35m lower water depths than in the model results provided by the EA. The 
largest difference of 2.35m occurs at a water body in Moore Nature Reserve, adjacent to the 
Higher Walton HAGI (Figure 4.2). It is not clear if these very large differences are caused by the 
differing model resolution, funnelling effects or something else.   

For the purposes of this assessment, it has been assumed that the model supplied by the EA (and 
with a cell size of 10m) is configured correctly.  
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Figure 4.1 Software version sensitivity, with HAGI locations shown in pink 

 

Figure 4.2 Software version sensitivity  Higher Walton HAGI 

 



© WSP Environment & Infrastructure Solutions UK Limited  
 
 
 

   

June 2024 

Document Ref:  852552-WSPE-IA-ES-RP-W3-746124 Page 13 

4.2 Design run 

Model software 
The updated model design runs for the two climate change runs have been run using Flood 
Modeller version 6.0 and TUFLOW version 2020-10-AD-iSP-w64. 

Run parameters 
Three design model runs have been undertaken using the EA model, as outlined in Table 4.1. 

Table 4.1  Model run record and parameters 

1 Given the magnitude of the H++ scenario tidal peak, it was necessary to relax the theta and alpha model 
parameters in order to improve model stability. Given that this has been applied as a sensitivity test, these 
values are deemed to be acceptable.  

Item Comments 

Design Events 
(AEP) 

0.5% (2015  ), 0.5% 2100 (Higher Central), 0.5% 2100 (Upper End), 
0.5% 2100 (H++) 

Scenarios Defended 

Model run 
parameters and 
settings 

Model run parameters have predominantly (with the exception of the H++ 
scenario) been left unchanged from the original model runs undertaken in the JBA 
2018 study. It is noted that the following parameters diverge from the default 
parameter values: 
 
Dflood: 5 
Theta: 0.85 (0.9 used for H++ scenario1) 
Alpha: 0.65 (0.5 used for H++ scenario1) 
Maxitr: 19 
Weight: 0.05 

Flood Modeller 
network 

0.5% AEP present day, 2100 Higher Central and Upper End scenarios: 
MerseyEstuary_JBA'15_017.DAT 
 
0.5% AEP 2100 H++ scenario:  
MerseyEstuary_JBA'15_020_H++.DAT  

Flood Modeller 
event data 

Fluvial and tidal:  
Mersey_Est_200yr.IED 
Mersey_Est_200yrCC_2100_UE_WSP_01.IED 
Mersey_Est_200yrCC_2100_HC_WSP_01.IED 
Mersey_Est_200yrCC_2100_H++_WSP_01.IED 

Defences: 
Mersey-MSC_Defences.IED 

Flood Modeller 
event file 

MerseyEstuary_018_200yr.ief 
MerseyEstuary_018_200yrCC_UE_2100_WSP.ief 
MerseyEstuary_018_200yrCC_HC_2100_WSP.ief 
MerseyEstuary_020_200yrCC_H++_2100_WSP.ief 

TUFLOW control 
data 

MerseyEst_200yr_WSP_v18.tcf 
MerseyEst_200yrCC_2100_UE_WSP_v18.tcf 
MerseyEst_200yrCC_2100_HC_WSP_v18.tcf 
MerseyEst_200yrCC_2100_H++_WSP_v20.tcf 
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Quality assurance 
A summary of the model run performance for the updated runs undertaken is provided in Table 
4.2. The mass error in TUFLOW is initially high at the start of the simulation, though reduces to 
within +/- 1% after the initial wetting period. This is comparable to (and less than) the original 
model runs of the JBA 2018 study4. It is noted that double precision was used for the original 
model runs but has not been used for the updated climate change runs for the purposes of this 
assessment. However, this is deemed to be acceptable given the model performance indicators in 
Table 4.2 and further satisfied by running a sensitivity test using double precision. Resultant peak 
flood levels between the two simulations (single precision and double precision) were virtually 
identical (differences < 1mm). 

The Flood Modeller model is also within the convergence tolerance. The model performance for 
these runs is comparable to the existing defended scenario model runs detailed in Appendix A. 

Table 4.2  Model run performance 

Scenario  AEP TUFLOW Final 
Cumulative Mass Error 
(%) 

FloodModeller performance 

Whole 
simulation 

Flow In + 
Out >5% 

Defended 0.5% -0.16 -0.13 



© WSP Environment & Infrastructure Solutions UK Limited  
 
 
 

   

June 2024 

Document Ref:  852552-WSPE-IA-ES-RP-W3-746124 Page 15 

Defended 0.5% 
2100 
(HC) 

-0.09 0.17 

Defended 
 

0.5% 
2100 
(UE) 

-0.08 0.19 

Defended 0.5% 
2100 
(H++) 

0.25% 0.45% 

 

 

The TUFLOW Simulation File (.tsf) for the 0.5% AEP 2100 Upper End run records a total of 62 
checks and 281 warning messages prior to simulation, and 49 warnings and 62 checks recorded 
during the simulation. Checks primarily relate to coincident points (which TUFLOW ignores) and 
lowered SX z-points, whilst warnings relate mostly to water level lines not crossing or snapping to 
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1D channel. Warnings during the simulation all relate to negative depths being encountered. The 
number of checks and warning messages is comparable to those encountered in the original JBA 
model runs, and the number of negative depths is notably less.  

4.3 Requirement for River Gowy model 
The Mersey Estuary model results from the design and sensitivity runs (Section 4.2) in the River 
Gowy area are displayed in Figure 4.3.  The peak design event flood levels closest to the Stanlow 
HAGI site rise to 6.10mAOD, compared to a minimum site level of 9.43m (based on 1m EA LiDAR 
(2019) and 0.1m Cadent DSM7). The design flood extent is at a distance of 795m from the HAGI 
site. Even the H++ scenario flood extent does not get closer than 690m, with a peak flood level of 
7.85mAOD. Given that the results from the Mersey Estuary model show no tidal flood risk to the 
Stanlow site from the Mersey Estuary or via the River Gowy, there is no benefit in running the 
River Gowy model with updated boundary conditions to assess tidal risk to the Stanlow HAGI.   

Figure 4.3 Stanlow HAGI in relation to River Gowy model and Mersey Estuary 
model 

 
 

 

7 Sensat Survey Report (2023) for Cadent: S23314 - HyNet North West Hydrogen Pipeline 
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5. Conclusions and recommendations 

The existing EA owned hydraulic model for the Mersey Estuary has been deemed fit for the 
purpose of assessment to support the development of the various HAGI sites within the vicinity of 
the Mersey Estuary. It has been used to run updated sea level rise scenarios for the Higher Central 
and Upper End allowances, considering a 2100 future epoch (i.e. 75-year lifetime) and applied to 
the 0.5% AEP event. The H++ scenario was also modelled. Updated tidal boundaries have been 
developed in accordance with the latest EA climate change guidance, PPG and CFB dataset. The 
TUFLOW and Flood Modeller software have been updated. 

The climate change scenarios, in particular H++, push the magnitude of flood events this model 
was originally built for. The model continues to perform well with minor modifications, but glass 
walling does occur in some locations. Each instance of glass walling was carefully examined with 
the project sites in mind and found not to impact on the model results. Care should be taken when 
interrogating model results for other areas.    

Resultant model performance for the updated runs is within the acceptable bounds. There are no 
further recommendations to those made in the original modelling report. 
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Executive Summary 
JBA was commissioned by the Environment Agency in 2015 to undertake a package of coastal and 
fluvial flood modelling, mapping and forecasting.  One component of this package specifically 
concerns the Mersey Estuary and two of its tributaries - Ditton Brook and the River Gowy.   

JBA was required to deliver a linked (1D-2D) model of the Mersey Estuary to assess tidal flood risk 
and update the existing fluvial models of Ditton Brook and the River Gowy. This included updating 
the channel geometry and developing linked 2D floodplain domains.  The results from the updated 
Mersey Estuary model were used to inform the tidal downstream boundaries for both of the fluvial 
tributary models.  Each model was run for a specified range of AEPs and used to assess the 
potential implications of future climate change for flood risk. 

In addition to the above project requirements, the River Gowy model was used to represent tidal 
flood risk as well as fluvial flood risk.  This was used in preference to the Mersey Estuary model 
given its finer 2D grid resolution and better representation of the channel and hydraulic structures. 

There have been a significant number of previous modelling studies carried out on the 
Mersey Estuary and its tributaries.  This study seeks to update the existing flood risk mapping by 
both adapting and further developing existing hydraulic models and developing new models where 
required.  

For each of the three study watercourses a linked 1D-2D hydraulic modelling approach was 
adopted.  One-dimensional hydraulic models provide both a computationally efficient and accurate 
way of representing flow in channels and through structures.  However, on the floodplains where 
flow routes can be complex and multi-directional, 2D models offer significant advantages.  Within 
this study, most main rivers and significant tributaries were represented within the 1D domains and 
their floodplains were represented using 2D domains.   

The following conclusions can be drawn from the flood risk analysis of the Mersey Estuary, Ditton 
Brook and River Gowy models: 

 The Mersey Estuary design runs illustrated the tidal flood risk benefit resulting from the new 
Warrington FAS.  The residential areas behind the two phases of the scheme are modelled 
to be at risk of tidal flooding of less than 0.1% AEP as a result of the scheme.  The 
undefended scenarios indicate a risk of tidal flooding from an event of 0.5% AEP. 

 Comparison of the updated and existing and undefended model outlines for the Mersey 
Estuary indicates that Warrington and the area of Howley weir marks the boundary between 
predominantly tidal or fluvial flood risk. 

 The Ditton Brook and Mersey Estuary models also highlighted the benefit of the Ditton 
Brook flood defences. The defences reduced the level of flood risk on the right bank of 
Ditton Brook (Golden Triangle Industrial Estate) from a 5% AEP to 1% AEP for a tidal flood 
event and from 0.1% AEP to less than 0.1% AEP for a fluvial event. 

 The Ditton Brook hydraulic modelling illustrated the dominance of fluvial and tidal flood risk 
between the upper and lower reaches, respectively, of the study domain.  The lower 
watercourse was dominated by a tidal signature and extreme fluvial flows had a low impact 
on flood risk. Nearly all of the modelled extreme flood flows are retained in bank as peak 
water levels fall across Ditton Junction bridge and Ditton Road bridge.  The location where 
the dominance of fluvial or tidal flood risk changes is the reach between Speke Road and 
Ditton Junction, which is embanked by high ground. This is consistent across the design 
and undefended scenarios. Overtopping of the downstream flood wall defences (between 
Foundry Lane and Stewards Brook) occurs at the <0.1% AEP in the fluvial scenario, but 
properties are affected on the left bank of Ditton Brook at the 2% tidal scenario and on the 
right bank at the 1% AEP.  The upper watercourse is dominated by fluvial flows and there 
is a much less prominent tidal signature. 

 Much of the River Gowy floodplain was inundated upstream of Stanlow at frequent fluvial 
flood events (>50% AEP).  This regular flooding of fields tied in with anecdotal evidence 
gathered during the site visit. Little tidal inundation was predicted at higher AEP events due 
to the significant tidal defences and the impact of the Manchester Ship Canal embankment. 
Under present day design scenarios, localised flooding occurred downstream of the railway 
at Stanlow on the right bank of the River Gowy at the 10% AEP and site buildings were 
affected at the 3.33% AEP. Widespread inundation upstream of the railway line and Folly 
Gates was observed between the 1% and 0.1% AEP only. The MSC was overtopped from 
the Mersey Estuary at the 0.1% AEP only. 
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 Stanlow oil refinery was first flooded from a fluvial event at the 5% fluvial AEP, with water 
spilling onto the floodplain from Mill Brook.  All of the flood risk here was associated with 
flooding from Mill Brook and inundation was localised and did not affect oil refinery buildings 
or access roads. At higher magnitude events, up to the 0.5% AEP, flooding in this area was 
confined only to access roads or undeveloped grassland.  It was not until the 0.1% fluvial 
event that water spills from the right bank of the Gowy onto the site and embankments in 
the area of Mill Brook around refinery storage units were overtopped. 

 In comparison to the design scenario, the River Gowy undefended 5% and 1% fluvial 
scenarios resulted in greater flooding at Stanlow whilst the extent at the 0.1% was similar.  

 The Mersey Estuary and River Gowy tidal modelling highlighted the potential implications 
of predicated future climate change; in particular, for Stanlow oil refinery.  Under conditions 
of climate change, where inundation at the 0.5% AEP is only localised downstream of the 
railway and in the region of Folly Gates, the potential disruption to the remainder of Stanlow 
oil refinery increases dramatically. In the 2065 scenario, most access roads on the right 
bank of the River Gowy were flooded and in the 2115 scenario, the A5117, the main road 
that forms the southern boundary of the site, is overtopped. 

 The railway downstream of Folly gates and the immediate area between the railway and 
Folly gates marks the area of transition between tidally and fluvially dominated flood risk. 
At the undefended 1% AEP, tidal inundation is dominant in eastern areas of the site, 
whereas in western areas it is fluvial inundation that is dominant. 

In addition, it is possible to make some initial recommendations as to how these hydraulic models 
might be improved or current understanding developed with additional data: 

 Confidence in the design flows applied to both the River Gowy and Ditton Brook is reduced 
because of the lack of high quality flow records. On Ditton Brook, there is currently no river 
level or flow monitoring; however, with only limited flood risk arising from the watercourse 
installation of a gauge here is unlikely to be viable. On the River Gowy the situation is very 
different, especially when the predicated effects of climate change are considered. Whilst 
there is a flow gauging station on this watercourse it is a rated station which is understood 
to be heavily influenced by vegetation. Improving the quality of flow gauging at this location 
would help to improve confidence in the predicted flood risk.  

 Consider acquiring topographic/defence height survey of the defence line between the 
Mersey Estuary and MSC. 

 Consider acquiring crest level survey for the new Warrington FAS as built to confirm that 
the scheme is correctly represented in the Mersey Estuary model. 

 Consider acquiring local defence or topographic crest level information for the right bank 
section between the River Mersey and the railway beneath Warrington Bank Quay station. 
Although the modelling approach is based on the best available data and a consistent 
approach has been applied across the study domain, flood risk may be overestimated in 
this area. 

 The MSC and linking structures to the Mersey Estuary were included to improve the 
representation of overtopping, water storage and water transfer along the impoundment. 
The operating rules for the Weaver sluice gates were assumed and the Eastham locks is a 
simple spill linking the MSC to the Mersey Estuary. Further modelling work could benefit 
from a more detailed understanding of the operating procedures of the Weaver sluice gates 
and how the dock gates and Eastham Lock gates would realistically behave during an 
extreme high tide. However, for the purposes of extreme tidal flood modelling, the approach 
taken here is appropriate and further information would not impact model results. 

 Future work could be an opportunity to carry out further study regarding the implications of 
climate change at more frequent AEPs to test the design limitations of current defences at 
Stanlow and Warrington. 

 Joint probability of tidal and fluvial events has not been considered as part of this study.  
Future work may consider the implications of this and a concurrent high fluvial flood event 
and high tide for the Mersey Estuary, Ditton Brook and River Gowy. 

 Little is known about the internal dimensions or drainage capacity of the syphon under the 
Mersey Estuary. This information would be best established by internal survey and 
inspection by a specialised team.  
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1 Introduction  

1.1 Package overview 
Jeremy Benn Associates (JBA) Limited was commissioned by the Environment Agency in 2015 
to undertake a package of coastal and fluvial flood modelling, mapping and forecasting.  One 
component of this package specifically concerns the Mersey Estuary and two of its tributaries - 
Ditton Brook and the River Gowy.   

1.2 Project requirements 
JBA was required to deliver a linked (1D-2D) model of the Mersey Estuary to assess tidal flood 
risk and update the existing fluvial models of Ditton Brook and the River Gowy. This included 
updating the channel geometry and developing linked 2D floodplain domains.  The results from 
the updated Mersey Estuary model were used to inform the tidal downstream boundaries for 
both fluvial tributary models.  Each model was run for a specified range of annual exceedance 
probabilities (AEPs) (as outlined in section 7.1) and used to assess the potential implications 
for flood risk of future climate change. 

In addition to the above project requirements, the River Gowy model was used to represent tidal 
flood risk as well as fluvial flood risk.  This was used in preference to the Mersey Estuary model 
given its finer 2D grid resolution and better representation of the channel and hydraulic 
structures. 

1.3 Study area 
The study area is illustrated in Figure 1-1 and the extent of each model is described below. 

1.3.1 Mersey Estuary 

The Mersey Estuary, downstream of Widnes and Runcorn, is wide (almost four kilometres (km) 
at the widest extent), deep and artificially embanked in many places by concrete and steel walls 
or piling.  Running parallel to, and just to the south of, the Mersey Estuary is the Manchester 
Ship Canal (MSC), which diverges from the River Mersey at Lymm and discharges via lock 
gates into the Estuary at Eastham.  At Weston, a short distance downstream of Runcorn, the 
River Weaver discharges into the Mersey Estuary via the MSC and the River Weaver sluice 
gates, which open to allow fluvial flood flows into the Mersey Estuary and maintain the statutory 
water level in the MSC.  Upstream of Widnes, the River Mersey narrows considerably and is 
much more sinuous through Warrington.  In contrast to the lower Mersey Estuary, which 
contains no in-channel structures, this upper reach contains several large bridges, weirs and a 
siphon. 

The urbanised landscape surrounding the lower Mersey Estuary is an area of expansive 
industrial and residential redevelopment with many of the old docklands and associated 
buildings undergoing conversion to housing or commercial property. 

The upstream extent of the Mersey Estuary model is the point of diversion of the Mersey from 
the MSC, near Lymm and approximately two kilometres east of Thelwall Viaduct and the 
outskirts of Warrington.  The Mersey Estuary model extends from this point to approximately 
50km downstream, through Warrington, Runcorn and Widnes, to the mouth of the Mersey 
Estuary at Bootle. 

1.3.2 Ditton Brook 

Ditton Brook is a largely defended tributary of the Mersey Estuary and discharges at Widnes on 
the Mersey Estuary's right/northern bank.  The defences along Ditton Brook consist of flood 
walls between Ditton and Hale Bank and embankments upstream of Speke Road. Where not 
formally defended, Ditton Brook is flanked by high ground. 

Ditton Brook has a total catchment area of 68km2 and flows through primarily open grassland 
with few isolated dwellings before bypassing the industrialised outskirts of Ditton and Halebank.  
The upstream extent of the Ditton Brook model is Cart Bridge near Halewood Village. The study 
reach is approximately 5km long and extends to the downstream confluence with the Mersey 
Estuary. 
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1.3.3 River Gowy 

The River Gowy is a much larger watercourse than Ditton Brook, draining approximately 180km2 
of Cheshire, and joins the Mersey Estuary on its south bank at Stanlow Point (Ellesmere Port) 
via a siphon below the MSC.  The upstream extent of the River Gowy model is Bridge Trafford.  
However, Mill Brook and Thornton Brook (tributaries to the River Gowy) are also included to 
represent additional flow routes across the wide, flat floodplains of the Gowy Meadows. The 
study reach is approximately 8km in length (from Bridge Trafford) and extends downstream to 
the upstream opening of the Gowy-MSC siphon. 

The study reach of the River Gowy is largely embanked and flows between open mixed-use 
agricultural land and is joined by several straightened field drains before flowing through the 
Stanlow oil refinery and discharging into the Mersey Estuary.  Stanlow oil refinery is a "regionally 
important economic asset"1 and the potential consequences, either financial, social or 
environmental, because of tidal or fluvial flooding at the site could be significant.  The 
watercourse through this reach has been artificially straightened, embanked and modified to 
efficiently convey flow whilst protecting the site from fluvial and tidal flooding.  The River Gowy 
is protected from the propagation of a high tide by Folly Gates, a flapped multi-barrel culvert 
structure that ties into the downstream tidal defence line. 

                                                      
1 Environment Agency (2009) Weaver Gowy Flood Management Plan:  
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/293779/Weaver_Gowy_Catchment_Flood_Mana
gement_Plan.pdf 
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Figure 1-1: Study location  
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1.4 Previous modelling studies 
There have been a significant number of previous modelling studies carried out on the 
Mersey Estuary and its tributaries.  This study seeks to update the existing flood risk mapping 
by both adapting and further developing existing hydraulic models and developing new models 
where required.  

1.5 Required outputs 
The following outputs were required by the Environment Agency for this project: 

 New or updated 1D-2D hydrodynamic models of the Mersey Estuary, Ditton Brook and 
the River Gowy; 

 Analysis of present day fluvial flood risk along Ditton Brook and the River Gowy; 

 Analysis of present day tidal flood risk along the Mersey Estuary and lower River Mersey 
including wave overtopping modelling; 

 Tidal flood mapping outputs for the Mersey Estuary and fluvial flood mapping outputs 
for Ditton Brook and the River Gowy for the following AEPs: 

�x 50% �x 2% 

�x 20% �x 1.33% 

�x 10% �x 1% 

�x 5% �x 0.5% 

�x 4% �x 0.1%  

�x 3.33%  

 Flood mapping outputs for climate change scenarios for 2065 and 2115 as specified by 
the Environment Agency (see section 7.1); 

 Flood mapping outputs for undefended modelling scenarios; 

 Depth, level and hazard grids; hazard grids are classified using the Flood Hazard rating 
as described in the Defra/Environment Agency guidance document FD23212. 

 Maximum velocity vectors; 

 Spreadsheet and point shapefile of in-channel model results; 

 Animations of 1% and 4% AEP flood events (depth) and velocity vectors; 

 National Flood and Coastal Defence Database (NFCDD) data population; 

 Modelling and Decision Support Framework (MDSF) 2 system ready data; 

 Update to existing flood warning areas. 

1.6 Report structure 
This main project report is intended to provide a non-technical overview of the Mersey Estuary 
study.  The technical calculations and justification of the decisions made during the modelling 
process are provided as appendices.  

The structure and content of this report has been based on the Environment Agency Strategic 
Flood Risk Management Hydraulic Modelling and Risk Mapping Model Report Performance 
Scope (2010).  This report is structured under the following headings: 

1. Introduction 

2. Qualitative description of flood response 

3. Model approach and justification 

4. Input data plan 

5. Technical method and implementation 

6. Model proving 

7. Model results 

                                                      
2 DEFRA\Environment Agency. 2006.  Flood Risks to People, Guidance document FD2321/TR2.  Prepared by HR Wallingford, 
Flood Hazard Research Centre and Risk & Policy Analysts Ltd.  
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8. Assumption and limitations 

9. Conclusions and recommendations.  

Two technical appendices are included that provide an audit trail of the hydrology and modelling 
methods used.  These are: 

 The Flood Estimation Handbook (FEH) calculation record (Appendix A); 

 The hydraulic modelling check file (Appendix B); 

 A discussion of the wave overtopping modelling including sensitivity testing (Appendix 
C). 

1.7 Draft deliverables 
The following draft deliverables have been supplied to accompany this draft report: 

 Edited flood outlines for design, climate change and undefended scenarios in shapefile 
format. 

 Maximum depth, water level, velocity and hazard grids in American Standard Code for 
Information Interchange (ASCII) format.  
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2 Qualitative description of flood response 
The source-pathway-receptor conceptual model is often employed to highlight the individual 
processes and components that influence flood risk in a given area.  This chapter summarises 
how the components of this concept apply to the Mersey Estuary, Ditton Brook and River Gowy.   

2.1 Sources 
The source of flood water along the Mersey Estuary and its associated tributaries include both 
tidally and fluvially driven high water levels.  

The Mersey Estuary hydraulic model was developed for this study to assess the risk of flooding 
during a large tidal event (i.e. surging high water levels in the Irish Sea).  The River Gowy model 
was utilised (in addition for modelling fluvial events) to model the impact of these surging high 
tides at the Stanlow oil refinery. Fluvial flood risk to the upper reaches of the Mersey Estuary 
has been assessed previously as part of the 2013 Halcrow Warrington Scheme Flood Risk 
Assessment (FRA) study.   

The Ditton Brook and the River Gowy models were built to simulate extreme fluvial events and 
adopted a Mersey Estuary mean high water spring (MHWS) tidal series at the downstream 
boundary of each.  However, water levels on both watercourses can be affected by tidal 
conditions in the Mersey Estuary.  The River Gowy has flapped outfalls (at Folly Gates) that 
prevent water from the Mersey Estuary flowing back up the river.  During high tide, discharge 
through these structures will be impeded (or "tide locked") resulting in elevated water levels 
upstream.  No such features exist on Ditton Brook, allowing tidal ingress into the lower reaches 
of the watercourse. 

2.2 Pathways 
In the Mersey Estuary catchment, the main flood pathways (or mechanisms) are overtopping of 
channel sides resulting in floodplain inundation. As many of the Mersey Estuary floodplains are 
typically small (relative to the size of the estuary), the volume of overtopping is rarely a 
significant factor in determining flood extent. However, this will not be the case in all locations, 
such as the lower Gowy at Stanlow, where floodplains are large and flat. In addition, the MSC 
provides an available volume of storage and flooding of land on the opposite banks of the 
Mersey Estuary will flood when this volume is exceeded and any adjacent high ground is 
overtopped. 

The MSC also acts to convey flow if the high ground or defences between it and the Mersey 
Estuary are overtopped.  Overtopping flood water may spill into the MSC and convey along the 
impoundment (the MSC thereby acting as a flood defence, as a barrier to flow and through the 
provision of additional storage) or, if there is sufficient volume of overtopping from the Mersey 
Estuary, result in local exceedance of channel capacity and overtop the opposite side of the 
canal and inundate the opposing floodplains.  In some cases, the landward MSC channel side 
is higher than the spill level from the Mersey Estuary. This therefore provides additional defence 
from flooding in the event of tidal overtopping. 

Flooding on both Ditton Brook and the River Gowy is driven by exceedance of channel capacity 
and impeded outflow into the Mersey Estuary during high tides.  Rising water levels in each 
watercourse overtop either embanked or natural channel sides before conveying through the 
adjacent floodplains.  On both watercourses, the afflux generated by hydraulic structures also 
contributes to locally elevated water levels in some locations.   

Flooding on the River Gowy catchment is also influenced by the Thornton Brook diversion 
scheme whereby the route of the watercourse beneath the A5117 was blocked and flow diverted 
towards the main channel of the Gowy upstream of this embankment.  These works were 
undertaken by the Environment Agency circa 2003.  

In the case of Mill Brook, a tributary of the River Gowy, upstream and downstream flapped 
outfalls mean that, during a fluvial flood event on the River Gowy, the only flow route to enter 
Mill Brook and flow towards Stanlow would be through overtopping of the River Gowy left bank 
defence and flow across the floodplain. 
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2.3 Receptors 
The primary receptors at risk of flooding in the study area include densely populated urban 
areas such as Liverpool, Birkenhead and Warrington, smaller settlements such as Hale Village 
and areas of high economic value such as the large oil refinery at Stanlow.  

Possible impacts on such receptors from flooding range from loss of productivity or property to 
injury or even, in the most severe cases, loss of life. In the case of the Stanlow oil refinery there 
is also the potential for significant environmental damage.  

This study addresses how the level of risk posed to these receptors may change under 
scenarios of predicted future climate change.  
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3 Model approach and justification 

3.1 Aims of study 
This study has been commissioned to update the existing hydraulic models and improve the 
current understanding of tidal flood risk from the Mersey Estuary as well as fluvial flood risk 
arising from both Ditton Brook and the River Gowy.  The models developed for this study will 
be used to assess how flood risk and flood warning will be affected by the predicted impacts of 
climate change. 

3.2 In-channel domain 
For each of the three study watercourses a linked 1D-2D hydraulic modelling approach was 
adopted.  One-dimensional hydraulic models provide both a computationally efficient and 
accurate way of representing flow in channels and through structures.  However, on the 
floodplains where flow routes can be complex and multi-directional, 2D models offer significant 
advantages.  Within this study, most main rivers and significant tributaries were represented 
within the 1D domains and their floodplains were represented using 2D domains.  There were 
however some exceptions; for example, where the floodplains were narrow and constrained by 
topography it was felt they were best represented in the 1D domain.  Conversely floodplain 
culverts were represented using 1D hydraulic structures linked directly to the 2D floodplain 
domain.  Tributary watercourses in the Mersey Estuary model, such as Ditton Brook and Sankey 
Brook, were also represented in the 2D domain.  However, where possible, their geometry was 
informed by previous modelling or survey. 

The choice of modelling approach was initially less obvious for the Mersey Estuary.  The Mersey 
Estuary is in places over 4km wide and could potentially be represented in either a 1D or 2D 
domain.  However, for the purposes of this study, the in-channel area of the Mersey Estuary 
was modelled in a 1D domain with sections in the lower estuary derived from the most recently 
surveyed bathymetric data.  The main reasons were the lack of hydrometric data to either 
demonstrate the need for, or calibrate, a 2D model, the additional run time and data production 
of a 2D model, and that the previous 1D model calibrated well at the available gauges.  

3.3 Two-dimensional model resolution 
The choice of spatial resolution for 2D models is always a compromise between detail and 
practicality.  Whilst a fine resolution model will undoubtedly represent more detail it will also take 
considerably longer to process, produce considerably more data and may not significantly 
impact model results.   

The specific requirements of each study domain were considered before selecting a suitable 2D 
model resolution.  For the floodplains of Ditton Brook, a 4m resolution was preferred whereas 
on the River Gowy the broad flat upstream floodplains and wide flow paths through Stanlow 
Refinery allowed a 6m resolution to be adopted.  The sheer scale of the Mersey Estuary model 
necessitated adopting a coarser, 10m, resolution.  

3.4 Hydraulic modelling check file 
Further discussion on the modelling approach and justification for decisions made during the 
model build is provided in the hydraulic modelling check file (Appendix B).  
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4 Input data plan 

4.1 Summary of supplied project data 
The data made available by the Environment Agency for use in this study are summarised in 
Table 4-1. 

Table 4-1: Summary of supplied project data 

Data Type Format Description Use for this study 

Coastal Erosion model 
(2010).  Developed by 
Royal Haskoning. 

MIKE21 A wave transformation model 
of the Lower Mersey Estuary. 
 

Reviewed and utilised as part 
of wave overtopping modelling 
(see Appendix C). 

Warrington Flood 
Hazard Mapping 1D-
2D model (2010) 
(Mersey, Penketh-
Whittle and Sankey).  
Developed by Halcrow. 

ISIS-
TUFLOW 

1D-2D model of upper study 
domain.  Built for purposes of 
fluvial modelling. 
 

Used to inform representation 
of tributary watercourses in the 
Mersey Estuary 2D model 
(section 5.2.1.1). 

Warrington Scheme 
FRA 1D-2D model 
(2013).  Developed by 
Halcrow 

ISIS-
TUFLOW 

Most recently updated 1D-2D 
Warrington model with flood 
alleviation scheme (FAS) 
defences as z-lines. 
 

In channel domain for River 
Mersey used in 1D modelling.  
Modelling of other tributaries 
used as survey to inform 2D 
model. See section 5.2.1.1. 

Flood Forecasting 1D 
model for Mersey 
Estuary (2010).  
Originally developed by 
JBA Consulting. 

ISIS Extensively calibrated 1D 
model of lower Mersey 
Estuary. 
 

1D domain used for Mersey 
Estuary component of new 1D 
model.  Trimmed to bank top 
and largely connected to new 
2D domain or MSC model. See 
section 5.2.1.1. 

Ditton Brook 1D model 
(2008).  Developed by 
JBA Consulting. 

ISIS 1D only fluvial model utilised 
for existing flood mapping. 
 

Updated for current project 
with 2014 survey. See section 
5.2.1.2) 

Lower Gowy 1D model 
(2009).  Developed by 
Scott-Wilson in 2003 
and adapted with 
updated hydrology by 
B&V Group. 

ISIS 1D only fluvial model of River 
Gowy from MSC to Bridge 
Trafford. 
 

New survey commissioned for 
River Gowy, Thornton Brook 
and Mill Brook. See section 
4.2. Existing model not utilised 
and new model developed 
from scratch using new 
topographic data (section 
5.2.1.3).  

River Gowy and 
Thornton Brook 
Improvements, 
Stanlow, Scott-Wilson 
2003. 

Hard copy 
ring binders 

Three ring binders of 
information regarding the 
physical improvements to the 
River Gowy and Thornton 
Brook drainage 
arrangements. This 
specifically addressed the 
diversion channel across the 
upstream end of the A5117. 

Used survey or as-built 
drawings to inform dimensions 
of flapped surface water 
outfalls where available. 

MSC model (2013), 
developed by JBA 
Consulting. 

ISIS 1D only ship canal model.  
Designed for modelling 
extreme fluvial events. Also 
includes lower reach of River 
Weaver and Weaver 
Navigation. 
 

Utilised to represent available 
storage following overtopping 
from the Mersey Estuary. 
Some structures adapted to 
model tidal flood event.  Spill 
links between Mersey and 
MSC retained in new modelling 
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Table 4-1: Summary of supplied project data 

Data Type Format Description Use for this study 
as best available data. See 
section 5.2.1.1. 

1 m and 2m filtered 
Digital Terrain Models 
(DTM) and unfiltered 
Digital Surface Models 
(DSM). 

ASCII 1m and 2m DTM and DSM 
(LIDAR) data. 
 

Filtered LIDAR was used to 
inform topographic 
components of each 2D model. 
No null values were identified.  
Any modifications to the data 
has been detailed in Appendix 
B. 

Ordnance Survey (OS) 
1:10,000, 1:25,000 and 
1:50,000 mapping and 
OS MasterMap. 

GIS High quality mapping of all of 
study area of different 
resolutions. 
 

Flood mapping and reporting 

Existing Flood Warning 
Areas shapefiles. 

GIS 
Shapefile 

A representation of the 
existing flood warning areas 
that were updated by this 
study. 
 

Comparison of model results 
and identifying where flood 
warning areas may need to be 
updated. 

Flood history 
shapefiles, reports and 
photographs for areas 
of the Mersey Estuary 
and Ditton Brook. See 
section 4.2. 

GIS, word 
processing 
documents, 
PDFs and 
JPEGs 

Scattered flood history 
information for the Mersey 
Estuary. Tidal flood events 
only. 
 

Sensibility checking of model 
results. See section 6.4. 

Existing Flood Zone 
(FZ) maps. 

GIS 
Shapefile 

FZ mapping supplied for 
whole study domain. 
 

Referenced when sensibility 
checking model results and 
used for report mapping. 

Detailed river network 
(DRN) data. 

GIS 
Shapefile 

DRN data supplied for whole 
study domain. 
 

Report mapping. 

Topographic survey for 
Ditton Brook and 
Stewards Brook. 

PDF, DWG 
and ISIS 

Topographic survey collected 
in 2014. 
 

Used to update the existing 1D 
model of Ditton Brook where 
2014 survey was available. 

Hourly wind data from 
Speke. 

Excel Hourly wind peak data 
covering 1990-2015.  Some 
data omissions early in life of 
gauge. 
 

Calibration of Mersey Estuary 
model. See section 6.3. 

Mersey Estuary 
bathymetry data 
(2013). 

ASCII Bathymetry data supplied for 
lower Mersey Estuary 
between North Sea and 
Widnes/Runcorn bridge. 
Confirmed to be most 
recently surveyed data. 

Used to verify 1D model and 
produce detailed water level 
lines. 

Environment Agency 
Asset Information 
Management System 
(AIMS)  

GIS 
Shapefile 

AIMS data supplied for whole 
study domain. 
 

Used in each of the hydraulic 
models to inform defence crest 
elevations. See section 5.2.2 
for description of method for 
modelling defences. 

Surveyed defence 
crest levels for the 
Fiddler's Ferry 

XYZ data 
(text) 

Recent XYZ survey data of 
the defence crest.  Used to 
inform the defended model 

Informed the crest elevations 
of the Fiddlers Ferry defence in 
TUFLOW. Recognised by 
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Table 4-1: Summary of supplied project data 

Data Type Format Description Use for this study 
embankment. runs 

 
AIMS as a formal defence. See 
section 5.2.2. 

Stage and level gauge 
data for the River 
Mersey and Mersey 
Estuary. 

Microsoft 
Excel / Text 
file 

Variable time frames with 
some missing data points.  
Generally, a very thorough 
record. 

Calibration of Mersey Estuary 
model. See section 6.3. 

4.2 Historical flood information 
JBA was supplied with the following historical flooding information for the Mersey Estuary: 

 Drawn flood outlines in Warrington and Howley from a tidal flood event (1990); 

 Drawn maximum extent flood outline at the Golden Triangle Industrial Estate (adjacent 
to Hale Road) on Ditton Brook from a tidal event (1990); 

 Flood history photographs and shape files for Warrington and Fiddler's Ferry (2013); 

 Drawn flood outline and photographs of flooding at Hale Village and access roads (Carr 
Lane and Town Lane) (no reported property flooding) (December 2013); 

 Photographs of defence embankment at Fiddler's Ferry (February 2014) (no visible 
overtopping); 

 Hydrometric (level) data for Gladstone Dock, Fiddler's Ferry and Westy gauges; 

 Anecdotal evidence for frequency and locations of historical flooding for the Stanlow oil 
refinery and River Gowy. 

4.3 Additional topographic survey 
The existing 1D model of the River Gowy was deemed to be no longer fit for purpose.  Firstly, 
most structures were represented as Bernoulli loss units and not structure specific units that 
employ tailored equations as opposed to more generic loss functions.  Secondly, some of the 
more recent topographic changes to the watercourse (such as the Thornton Brook diversion) 
were not included in the existing model and would need to be included in this study.   

JBA was therefore commissioned to survey most the study reach of the River Gowy, through 
the Stanlow oil refinery and the Gowy Meadows, to inform the new hydraulic model build (Figure 
4-1).  The survey included 23 new cross sections along the River Gowy between the MSC and 
Bridge Trafford, 15 cross sections along Thornton Brook, 18 cross sections along Mill Brook 
and bank-top survey for most the study domain.   

There is a section in the middle of Mill Brook which was not surveyed.  It was unclear from the 
site visit in which direction Mill Brook would flow in normal conditions, but it was clear that the 
flood mechanism during a fluvial event into Mill Brook would be embankment overtopping and 
flow across the floodplain. Therefore, it was agreed with Environment Agency that this reach of 
Mill Brook was best represented within the TUFLOW domain and, on that basis, did not require 
detailed topographic survey.   
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Figure 4-1: River Gowy topographic survey 
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Annual average rainfall over the River Gowy catchment is 724mm. 

Figure 5-2: River Gowy catchment 

  

5.1.3.2 Choice of method 

Peak flow estimates on the River Gowy were estimated using both the FEH Statistical and 
Revitalised Flood Hydrograph (ReFH).  The ReFH estimates were taken forward as the 
preferred flows for the following reasons: 

 Given the tide locking characteristics of the lower catchment (where the major receptors 
are located) it was important to include an estimate of flood volume in addition to flood 
peak.  Use of ReFH (with a user defined time to peak (Tp) value) offers a better 
representation of volume than FEH statistical.   

 ReFH allows testing of the critical storm duration to be undertaken, an important 
consideration where flood volume is important. 

 Using ReFH does not place reliance on the quality of the Bridge Trafford gauge.  
Estimating Tp uses water levels records, but only in terms of the hydrograph timing in 
relation to rainfall. 

The effect of storm duration was tested at the 1% AEP event.  Eleven durations (ranging from 
10 hours to 49 hours) were tested. The critical duration was demonstrated to be 45.5 hours. 

5.2 Hydraulic modelling 
This section summarises the hydraulic modelling approach specifically for each of the Mersey 
Estuary models. 
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