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Executive Summary 

1.1.1 This Flood Risk Assessment (FRA) has provided an assessment of flood 

risk of the Proposed Development based on the design at the time of DCO 

application submission and confirmation of flood risk parameters based on 

existing hydraulic modelling outputs.  

1.1.2 The FRA addresses comments received from the Environment Agency (EA) 

including considering a 75 year development lifetime and a 100 

year assessment to consider long term implications of land raising. While 

these longer periods have been assessed in the FRA, a 30-year operational 

life has generally been adopted as a reasonable worst case scenario for the 

Proposed Development.    

1.1.3 The FRA has been informed by hydraulic modelling, following a method 

statement agreed in advance with the EA.  

1.1.4 The FRA has considered flooding from fluvial and tidal, surface water, 

groundwater, and artificial sources. 

1.1.5 The Main Site (in North Tees) lies predominantly within Flood Zone 1, 

indicating low baseline risk, although certain access routes and pipeline 

corridors (within the Wider Site), and the proposed quay fall within Flood 

Zones 2 and 3a. There are no areas of Flood Zone 3b mapped in the 

vicinity of the site. Climate change projections suggest that parts of the Site 

may experience increased flood risk over the operational life and assessed 

time period. 

1.1.6 Section 10 sets out the approach to site resilience. To maintain resilience 

within the Main Site, a tiered approach to flood mitigation is proposed. 

Components have been classed as to whether they can be readily adapted 

to address future climate change (e.g. raised, or flood proofed), and or 

whether they are less (e.g. water retaining structures) or more vulnerable 

(e.g. sensitive / critical electrical plant) to flood risk. The tiered approach 

sets general ground levels at a minimum of 5.08m Above Ordnance Datum 

(mAOD); adaptable and / or less vulnerable components at a minimum of 

5.38mAOD; and less adaptable / more vulnerable assets a minimum of 

5.68mAOD. The quay will be constructed to a minimum level of 5.65mAOD. 

Table 10.1 identifies adaptable and vulnerable components in greater detail.   

1.1.7 Hydraulic modelling identifies that the proposed general ground level is 

effectively the 0.5% Annual Exceedance Probability (AEP) 2105 Higher 

Central flood level + 0.23m Residual Uncertainty Allowance (RUA). A 0.23m 

RUA corresponds to a 99% chance of non-exceedance in this scenario, 

above the industry standard.  
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1.1.8 Adaptable and vulnerable components would have 0.27m and 0.57m 

freeboard levels above the modelled 0.5% AEP 2105 Upper End Central 

flood level, again giving over a 99% chance of non-exceedance in that 

scenario. 

1.1.9 A risk is noted due to wave hazard, however there are elements of 

conservatism in the assessment of hazard. The wave hazard shall be 

assessed in greater detail through the detailed design process, and wave 

protection designed to manage the pedestrian environment within the 

Proposed Development’s 30-year operational life. Wave protection 

identified as being necessary beyond the operational life shall be dealt with 

on a managed adaptive basis, through development of appropriate 

measures in an Operational Flood Warning and Evacuation Plan (FWEP) or 

through physical intervention. 

1.1.10 Hydraulic modelling shows that the Proposed Development does not result 

in any material increase in flood risk elsewhere. 

1.1.11 The findings of the Framework Drainage Strategy (Annex C) confirm that 

the Proposed Development will manage surface water runoff in a controlled 

manner and will not result in an increase in flood risk on-site or elsewhere. 

1.1.12 A Flood Risk Activity Permit (FRAP) will be required for the construction of 

the quay, which will effectively move the defence line to the riverside of the 

quay.  
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1 Introduction 

1.1 Overview 

1.1.1 This Flood Risk Assessment (Application Document Ref. 5.7) has been 

prepared by Ove Arup and Partners Limited (Arup) on behalf of LGF 

Projects Limited (the Applicant), to support an application (the Application) 

seeking development consent for the construction, operation, maintenance 

and decommissioning of the Lighthouse Green Fuels (LGF) project (the 

Proposed Development) on land within the administrative boundaries of 

Stockton-on-Tees Borough Council (STBC) and Redcar and Cleveland 

Borough Council (RCBC).   

1.1.2 The Order limits for the Proposed Development are made up of the Main 

Site and Wider Site, together ‘the Site’. A more detailed description of the 

Site is set out at section 2.4.  

1.1.3 The Application has been submitted to the Planning Inspectorate (PINS), 

and the decision whether to grant a Development Consent Order (DCO) will 

be made by the Secretary of State (SoS) for Energy Security and Net Zero 

pursuant to the Planning Act 2008 (the PA 2008) [Ref 1]. 

1.1.4 The Proposed Development comprises a commercial-scale second 

generation Sustainable Aviation Fuel (SAF) production facility and 

associated infrastructure. 

1.2 The Applicant 

1.2.1 The Applicant is wholly owned by Alfanar Energy Limited (Alfanar). Alfanar 

is part of a global project development, manufacturing, and engineering 

group headquartered in Saudi Arabia. Alfanar has developed significant in-

house feedstock-to-SAF expertise. This experience will be utilised to 

construct and operate the Proposed Development. 

1.3 Overview of the Proposed Development 

1.3.1 The Proposed Development is anticipated to be the UK’s first commercial-

scale second generation SAF production facility.  

1.3.2 The Proposed Development includes the construction, operation, 

maintenance and decommissioning of a commercial-scale facility that will 

produce approximately 180 million litres of advanced SAF and 

approximately 30 million litres of renewable naphtha each year. 

1.3.3 The Proposed Development includes the following elements (the location of 

each Work No. is shown on the Works Plans (Application Document Ref. 

2.4)): 
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Work No. 14 Access works and private street improvements 

1.3.4 In addition a range of associated development, both specified and 

unspecified, is proposed in relation to the above. 

1.3.5 The new quay on the River Tees (Work No. 6) will allow delivery of modular 

plant and construction materials by ship during construction and biomass 

and waste wood feedstock during operation, reducing reliance on road 

transport. Feedstock will be stored (Work No. 3) then pre-treated at the 

Main Site and processed into SAF through gasification and gas-to-liquids 

processes (Work No.1).   

1.3.6 The Proposed Development berth pocket will be dredged to a maintained 

depth of -14m Chart Datum (CD) (Work No.6C). An approach channel 

between the existing turning circle and the Proposed Development berth 

pocket would be dredged to a maintained depth of -10.4m CD.    

1.3.7 Dredging would remove up to 800,000 m3 of material. This includes a 0.5m 

allowance for re-accumulation of sediment. Dredged material is to be 

disposed of at the Marine Management Organisation (MMO) licenced site 

at Tees Bay A (TY150), located approximately 6-7 nautical miles offshore.  

1.3.8 Maintenance dredging (i.e. cyclical dredging activity when the Proposed 

Development is operational) is not considered as part of this FRA due to it 

being an operational activity routinely managed and overseen by PD Ports 

(PDP) in its role as statutory harbour authority.   

1.3.9 Nonetheless, a marine process modelling study has been undertaken by 

ABPmer on behalf of the applicant (Lighthouse Green Fuels: Coastal 

Process Modelling. Modelling Report). This study estimates the rate 

of reaccumulation of sediment at 0.13m/yr, but notes relatively 

high uncertainty in such an estimate. It is therefore estimated that 

the required frequency of maintenance dredging would be once every 3-5 

years.  

1.3.10 To support operations, the Proposed Development will include a biomass 

and waste wood-fired CHP plant (Work No. 2) with an electrical output 

capacity of up to 200 megawatts electrical (MWe), providing a low-carbon 

energy supply for the SAF process. Cooling infrastructure (Work No. 4) will 

be required for the SAF process and the CHP plant. Connections will 

provide electricity for start-up and to maintain ancillary site supplies (Work 

No. 7), natural gas for start-up and as auxiliary fuel for some processes 

during operation (Work No. 8), and oxygen and nitrogen which will either 

be delivered to the Site via pipelines or produced by a new ASU in the Main 

Site (Work No. 9A or 9B respectively). Waste materials, including off-

specification materials will be exported from the Main Site by road. Finished 
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products (SAF, and a secondary product of the process, renewable 

naphtha) will be transferred via pipeline(s) (Work No. 11A) to local marine 

loading facilities for marine export or export by road. CO2 from the acid gas 

removal unit in Work No. 1B will be exported via pipeline (Work No. 11B or 

Work No. 11C) subject to a suitable agreement to connect to one of two 

proximate AGIs in the NEP project.  

1.3.11 The Proposed Development will include bridges and culvert crossings of 

existing infrastructure (Work No.5). However the Proposed Development 

does not include bridges or culvert crossings of any watercourses. 

1.3.12 The Proposed Development will also include replacement and new 

wastewater pipeline connection works (Work No. 10), surface water 

drainage systems (Work No. 12) and access and street improvements 

(Work No. 14).  Space within the Wider Site is identified for temporary 

construction and laydown and space within the Main Site identified for 

permanent laydown and storage areas (Work No. 13). 

1.3.13 The preliminary layout of the Proposed Development is shown on Indicative 

General Arrangement Plan (Application Document Ref. 2.5.1) and 

Indicative General Arrangement Isometric (Application Document Ref. 

2.5.2). 

1.4 The Site 

1.4.1 The Site location and boundary (which is also known as the ‘Order limits’) 

are shown on Site Location Plan (Application Document Ref. 2.1). The 

Site is located in Teesside on land to the north and south of the River Tees 

with connection corridors crossing the Tees. 

1.4.2 The Main Site is located in the industrial area of Seal Sands approximately 

5km east of Billingham town centre and 4km north-east of Middlesbrough 

town centre, on the north bank of the River Tees in the borough of Stockton-

on-Tees). The majority of the Main Site lies south of Seal Sands Road and 

largely comprises previously developed land formerly used as a chemical 

plant from the early 1970s. It was last operated by INEOS Nitriles.  

1.4.3 The Main Site comprises the main SAF facility development area of the 

Site, lying to the south and north sides of Seal Sands Road and bounded by 

the proposed quay in the River Tees, with the River Tees to the east.  

1.4.4 The eastern boundary of the Main Site is formed by the River Tees, where 

existing jetties will be demolished and a new quay developed.  

1.4.5 The Wider Site comprises the connection corridors, including land required 

for road access, pipelines (including under the River Tees), dredging near to 
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the Main Site, and utility connections and construction laydown in both 

North Tees and (in the borough of Redcar and Cleveland) South Tees.  

1.5 The DCO Process 

1.5.1 Part 3 of the PA 2008 defines which projects constitute a nationally 

significant infrastructure project (NSIP). Once classed as an NSIP, 

development consent (in the form of a DCO) is required under Part 4 of the 

PA 2008.  

1.5.2 In legislative terms the Proposed Development comprises both a SAF 

production facility and a CHP generating station together with development 

associated with the SAF production facility and the CHP generating station. 

1.5.3 The construction and operation of the main SAF production facility does not 

automatically fall within the definition of an NSIP. Therefore, on 12 August 

2025, the Applicant formally requested a direction by the SoS for Energy 

Security and Net Zero, pursuant to section 35(1) of the PA 2008, that the 

following elements be treated as one for which development consent is 

required. The Section 35 direction request was made in respect of: a main 

gasification facility to process sustainably sourced biomass; feedstock pre-

treatment, syngas clean-up apparatus; Fischer-Tropsch process units; 

refining units; feedstock, intermediates and finished product storage; 

quayside with ship loading/ offloading infrastructure; supporting 

infrastructure and utility connections (hereafter called the ‘Specified 

Elements’). 

1.5.4 The SoS for Energy Security and Net Zero issued a direction under Section 

35 of the PA 2008 [Ref 1] on 08 September 2025 to confirm that the 

Specified Elements of the Proposed Development, together with any 

matters/ development associated with them, should be treated as 

development for which development consent under the PA 2008 is required.  

1.5.5 The CHP plant (Work No. 2) surpasses the 50 Megawatt (MW) threshold 

for generating stations defined in Section 15 of the PA 2008 and is therefore 

a NSIP in its own right. 

1.5.6 An application for development consent for the Proposed Development has 

been submitted to PINS acting on behalf of the SoS. Subject to the 

Application being accepted, PINS will then examine it and make a 

recommendation to the SoS who will then decide whether to grant a DCO.  

1.5.7 The application for development consent for the Proposed Development 

supersedes a previous application that was being progressed by 

Lighthouse Green Fuels Limited centred on a site off Huntsman Drive in 

Seal Sands, TS2 1TT (PINS ref. EN010150). Statutory consultation on that 
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application took place between 16 May 2024 and 20 June 2024. As shown 

on the PINS website1, that application is discontinued. 

1.6 The Purpose and Structure of this Document 

1.6.1 This Flood Risk Assessment (Application Document Ref. 5.7) has been 

prepared to support the Application to be made to the SoS for Energy 

Security and Net Zero seeking development consent for the construction, 

operation, maintenance and decommissioning of the Proposed 

Development. 

1.6.2 The location and extent of the Proposed Development is shown 

in Figure 1.1: Site Location and Figure 1.2: Proposed Development 

Boundary (ES Volume II, Application Document Ref. 6.2). The elements 

of the Proposed Development and the Site are described in Chapter 

4: The Proposed Development (ES Volume I, Application Document 

Ref. 6.1) and Chapter 3: Site and Surrounding Area (ES Volume I, 

Application Document Ref. 6.1) respectively.   

1.6.3 This FRA identifies flood risk from all sources, including the River Tees, 

considers the nature of the Proposed Development and the suitability of the 

Proposed Development against local and national planning policy relating to 

flood risk. This FRA outlines how the Proposed Development satisfies the 

Sequential and Exception tests, and identifies required flood risk mitigation; 

for example, design elevations. 

 
1 https://national-infrastructure-consenting.planninginspectorate.gov.uk/projects/EN010150 



 Flood Risk Assessment  
Rev 00  

 
Page 10                  PINS Reference EN0110025 

   

2 Assumptions and limitations 

2.1.1 The following assumptions and limitations apply: 

• The FRA is based on the design at the time of writing;  

• The FRA has been prepared using publicly available information to 

inform desk-based assessment. It is assumed that the information 

provided from public sources is correct and accurately reflects baseline 

conditions; 

• Site-specific modelling has been undertaken for the DCO submission 

due to the Site’s location and the requirement to build within the River 

Tees, and the report updated to reflect the results; and 

• The construction activities, including management of temporary site 

drainage during construction, will be managed through a Construction 

Environmental Management Plan (CEMP). A Framework CEMP 

(fCEMP) is provided at Appendix 5A of the ES Volume I (Application 

Document Ref. 6.3). A Flood Risk Activity Permit (FRAP) will be 

secured, which will include a construction-specific FRA. As such, this 

FRA only considers permanent impacts associated with the operational 

phase of the Proposed Development. 
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3 Consultation 

3.1.1.1 Consultation was undertaken with statutory consultees to inform the 

Water Environment Chapter of the ES. A summary of comments relevant 

to Flood Risk is set out in Table 3.1.  

3.1.1.2 A meeting was also held with the EA’s Sustainable Places and Data, 

Digital and Evidence teams on 15 April 2026. 
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5 Available information 

5.1 Summary 

5.1.1 Key sources of information that have been used in the production of this 

FRA include:  

• EA Flood map for Planning [Ref 19]; 

• EA Long term flood risk for an area in England, for rivers and sea, 

surface water, reservoirs and groundwater [Ref 20]; 

• Department for Environment Flood and Rural Affairs (Defra) National 

1m Light Detection and ranging (LiDAR) Programme DTM [Ref 21]; 

• Defra Multi-Agency Geographic Information for the Countryside 

(MAGiC) online Mapping [Ref 22]; 

• British Geology Survey (BGS) data [Ref 23]; 

• The National Planning Policy Framework (NPPF) [Ref 6]; 

• National Planning Policy Guidance (NPPG): Flood Risk and Coastal 

Change Planning Practice (FRCC-PPG) [Ref 18]; 

• Stockton-on-Tees Local Flood Risk Management Strategy [Ref 9]; 

• Stockton-on-Tees Level 1 Strategic Flood Risk Assessment [Ref 10]; 

• Stockton-on-Tees Level 2 Strategic Flood Risk Assessment [Ref 11];  

• Stockon-on-Tees Preliminary Flood Risk Assessment [Ref 12]; 

• RCBBC PFRA [Ref 14]; 

• RCBC Level 1 SFRA [Ref 15]; 

• RCBC Level 2 SFRA [Ref 16]; 

• RCBC Local Flood Risk Management Strategy [Ref 17]; and  

• Tees Catchment Flood Management Plan (CFMP) [Ref 29]. 
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6 Hydrological context 

6.1 Hydrology 

6.1.1 The River Tees (a Main River) is located to the south and east of the Main 

Site. The Proposed Development includes use of existing infrastructure 

crossing under the Tees for connection to South Tees. The River Tees is an 

estuary in this location, and is tidally influenced as far upstream as the Tees 

Barrage in Stockton on Tees, 12km to the south west.  

6.1.2 There are numerous other watercourses located in the vicinity of the 

Proposed Development. These include: 

• several unnamed land drains; 

• Dabholm Gut (an Ordinary Watercourse2) is located adjacent to Bran 

Sands Waste Water Treatment Works (WwTW); 

• Mill Race (an Ordinary Watercourse) intersects the Trunk Road at the 

eastern extent of the Proposed Development in South Tees; 

• The Fleet (an Ordinary Watercourse) located approximately 200m north 

of the Proposed Development in South Tees; 

• Holme Fleet (a Main River) located approximately 120m south west of 

the Proposed Development (through the Saltholme Nature Reserve) in 

North Tees; 

• Knitting Wife Beck (an Ordinary Watercourse) located approximately 

300m south west of the eastern extent of the Proposed Development 

(Tees Dock roundabout) in South Tees; and 

• Greatham Creek (a Main River) located approximately 1.5km north of 

the Main Site.  

6.1.3 In addition, there are several other surface water features: 

• Dorman’s Pool, plus water bodies within RSPB Saltholme Nature 

Reserve, including Saltholme East Pool, Saltholme West Pool and 

several unnamed ponds to the west of the Main Site; and 

• Saltholme Brine Reservoirs located approximately 600m west of the 

Proposed Development. 

 
2 An Ordinary Watercourse is defined as any stream, river, ditch, drain, culvert, or other channel where 
water flows that is not designated as a Main River. 
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6.2 Land use  

6.2.1 Currently, the land use within the boundary of the Main Site includes a 

historic and revegetated landfill site to the west and undeveloped land to 

the north. The Main Site south of Seal Sands Road was used for chemical 

manufacturing from the 1970s, with operations most recently undertaken by 

INEOS Nitriles. These industrial activities have since ceased operation; the 

facility has been decommissioned, demolished, and the Main Site cleared 

leaving hardstanding and comprises mainly brownfield land. There are two 

existing redundant jetties located on the River Tees within the Proposed 

Development boundary.  

6.2.2 Land use in the surrounding area is predominantly industrial including 

Navigator Terminals and SABIC amongst others all being located in 

proximity to the Main Site (see FRA Figure 2 in Annex A). The nearest 

residential properties are at Port Clarence and Cowpen Bewley, 

approximately 2.8km south west and 3.5km north west, respectively. The 

wider area also includes various commercial buildings, such as the Asda 

and Tesco distribution centres in South Teesside.  

6.3 Geology and Groundwater 

6.3.1 The Main Site and connection corridors are underlain by made ground 

(including dredged material in North Tees and ash and slag in South Tees). 

The underlying superficial depots are Tidal Flat Deposits (estuarine and 

marine alluvium) composed of sand, silt, and clay, which in turn overlie as 

Glaciolacustrine Deposits (clay and silt) and Glacial Till.  

6.3.2 The superficial deposits are Secondary (undifferentiated) unproductive 

(Tidal Flat Deposits) and Secondary A aquifers (Glaciolacustrine Deposits). 

6.3.3 The BGS Geology Viewer [Ref 23] shows the bedrock beneath the Main 

Site is the Mercia Mudstone Group which generally exhibits low 

permeability. The Mercia Mudstone (a Secondary B aquifer) is underlain by 

the Sherwood Sandstone Group (a Principal Aquifer) which also subcrops 

beneath superficial deposits to the west of the Main Site. 

6.3.4 This indicates that the aquifers can provide local water supplies and may 

contribute significantly to river baseflow, with some horizontal groundwater 

movement occurring through permeable layers. The Sherwood Sandstone 

is abstracted for drinking water supply approximately 9km to the north east 

of the Main Site. 

6.3.5 At a local scale, the groundwater flow within the superficial deposits and 

made ground will generally be towards the River Tees. However, this flow 

direction can vary due to local changes in topography, aquifer structure 

(such as the presence of clay or fine-grained sediments), rainfall patterns, 
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and artificial features (e.g. drainage systems). The River Tees is likely to be 

hydraulically connected to the shallow groundwater contained within the 

superficial (Tidal Flat) deposits. 

6.4 Existing topography 

6.4.1 The Site is characterised by relatively flat topography (FRA Figure 3, Annex 

A). According to LiDAR levels within the Main Site, the lowest parts of the 

Main Site are approximately in the range of 4.6 to 4.8 metres Above 

Ordnance Datum (mAOD) located adjacent to the existing revetment of the 

Tees. The rest of the Main Site is generally 5mAOD. 

6.4.2 Ground levels along the Linkline pipeline corridor along the southern edge 

of the Main Site range between approximately 4mAOD and 8mAOD, while 

those in South Tees are around 4mAOD.  

6.5 Existing drainage 

6.5.1 Much of the existing drainage infrastructure on the Main Site has been 

abandoned and filled in, although a remaining drain that runs to a pumping 

station adjacent to the River Tees is believed to still be operational.  

6.5.2 During a site visit, the location of an existing outfall was identified in the 

south eastern part of the Main Site. This piped outfall is fitted with a flap 

valve. This outfall is understood to form part of the former surface water 

drainage system associated with the previous industrial use of the Site.  

6.5.3 Pre-construction utility survey and verification works will be undertaken at 

the detailed design stage to confirm the location and condition of all existing 

services. 

6.6 Flood defences 

6.6.1 The EA asset management website [Ref 24] identifies several flood 

defences in Seal Sands near the Main Site (FRA Figure 5, Annex A). These 

are not ‘formal’ flood defences, i.e. they are not defined as assets and 

features that are formally maintained by risk management authorities 

(namely the EA).  

6.6.2 Asset ID 395472 (5149.5m in length) extends along the left (north) bank of 

the River Tees through the Main Site, where the proposed quay will be built, 

and extending 200m to the south, and 319m to the north. Where the asset 

passes through the Main Site, this feature is a revetment, and does not 

retain higher ground. As such it does not provide flood protection.  
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6.6.3 Asset ID 395472 is however considered to be a flood defence asset by the 

EA. As the quay will be constructed along its line, the quay will replace the 

revetment as a flood defence asset. The EA will require access for 

inspection and maintenance but will not place maintenance obligations on 

the client provided the structure is safe and lasts for the proposed lifetime. A 

FRAP will be required for the construction of the quay, which will effectively 

move the defence line to the riverside of the quay.  

6.6.4 North of the Main Site, Asset ID 395472 features sections of raised 

embankment that may offer some level of protection to neighbouring sites. 

This does not provide any protection to the location of the Tees services 

tunnel, as the embankment ends at this location, and would be bypassed by 

flooding from the north. 

6.6.5 Assets ID 183041 (2214.74m in length) and 29649 (2615.15m in length) 

extend along the right hand (south) bank of the River Tees. These features 

are providing partial protection against tidal flooding of South Tees from the 

River Tees (FRA Figure 5 Annex A). 

6.6.6 Flood defences within the area surrounding the Main Site are understood to 

be maintained by private third parties (i.e. not the EA). Accordingly, the EA 

asset dataset [Ref 29] contains no recorded information on its ownership, 

operator, condition, design characteristics, or standard of protection (see 

B.4). It is also noted that these assets are not included within the EA Flood 

Map for Planning. The presence of such flood defences is not, therefore, 

reflected in the published flood zone extents (see B.1.2). 

6.6.7 The closest ‘formal’ (i.e. EA owned and/or maintained) flood defences to the 

Proposed Development are located >4km upstream along the River Tees 

(near Port Clarence) and approximately 2km downstream along the banks 

of the Greatham Creek.  

6.7 Historical flooding 

6.7.1 STBC holds no records of historical flooding within the vicinity of the Site.  

6.7.2 Historical flooding has been recorded within the RCBC SFRA [Ref 16], as 

well as the EA maintained database (see Annex B.1.2), which records the 

flood outlines historical events caused by rivers, the sea, groundwater and 

surface water. Historic flood outlines are shown in the EA recorded flood 

outlines dataset (FRA Figure 6, Annex A). 

6.7.3 Within the boundary of RCBC, historical flooding has predominantly arisen 

from sources such as surface water sewers, combined sewer systems, and 

smaller ordinary watercourses and drains. All major urban areas within 

RCBC have experienced localised flooding. Across Redcar and Cleveland, 

nearly 800 flooding incidents have been documented by multiple data 
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7 Baseline Flood Risk Assessment 

7.1 Overview 

7.1.1 This section provides a baseline assessment of flood risk at the Site, from 

all sources including fluvial, tidal (coastal), surface water, groundwater, and 

artificial sources such as infrastructure failure. Following this, potential 

changes to flood risk due to climate change are discussed. Finally, flood 

risk management measures to protect the Proposed Development over its 

design life are set out. 

7.2 Fluvial and tidal/coastal flooding 

7.2.1 The EA classifies flood risk into three main Flood Zones, defined as follows: 

• Flood Zone 1 (Low Probability): Land assessed as having less than a 

0.1% annual probability of fluvial flooding (i.e. less than a 1 in 1,000 

chance in any given year); 

• Flood Zone 2 (Medium Probability): Land assessed as having between 

a 0.1% and 1% annual probability of fluvial flooding (i.e. between a 1 in 

1,000 and 1 in 100 chance in any given year); and 

• Flood Zone 3 (High Probability): Land assessed as having a 1% or 

greater annual probability of fluvial flooding (i.e. a 1 in 100 or greater 

chance in any given year). 

The flood mapping underlying the above Flood Zones assumes that 

flood defences are not present. 

7.2.2 Flood Zone 3 is further subdivided into Flood Zones 3a and 3b, where 3b is 

the functional floodplain, commonly defined as having a 3.3% or greater 

annual probability of fluvial flooding (i.e. a 1 in 30 or greater chance in any 

given year). The definition of Flood Zone 3b does take account of the effect 

of defences. Flood Zone 3a is the remaining component of Flood Zone 3. 

7.2.3 The majority of the Main Site falls within Flood Zone 1 and is at low fluvial 

and tidal flood risk (Flood Zone 1), under baseline conditions.  

7.2.4 Within the Main Site, areas along the line of the Tees revetment (east 

boundary of the Main Site) fall within Flood Zone 3a. Along the south 

boundary of the Main Site, a thin (3-6m) strip falls within Flood Zone 2, but 

this is likely due to the definition of LiDAR at this location. 

7.2.5 Within the Wider Site, some areas south of the Main Site fall within Flood 

Zone 2. Utility crossings of the Tees fall within Flood Zone 3a, and the utility 

corridor along the north bank of the Dabholm Gut falls mostly within Flood 

Zone 2, but with some areas of Flood Zone 3a. Existing access routes 
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connecting to the Seaton Carew road along the west side of the Wider Site 

fall within Flood Zone 3a. 

7.2.6 Without any changes to flood defences, EA Flood Zone mapping predicts all 

of Main Site may become Flood Zone 2 and/or 3 by 2070, when accounting 

for climate change (FRA Figure 7, Annex A). The EA Flood Map for 

Planning plus Climate Change [Ref 33] does not account for the benefits of 

any existing flood defences. 

7.2.7 Furthermore, several sections of the Site are situated within higher-risk 

areas classified (Flood Zones 2 and 3) under baseline conditions. These 

include: the initial 800m of Seal Sands Road east of Seal Sands 

Roundabout; the intertidal area along the River Tees; and areas along the 

north bank of Dabholm Gut in South Tees. 

7.2.8 The flood zone mapping of the STBC and RCDC SFRAs have been 

reviewed. There are no areas of Flood Zone 3b at, adjacent to, or in the 

vicinity of the site.  

7.3 Hydraulic modelling 

7.3.1 The tidal hydraulic model (Greatham and Port Clarence model update 

(2020)) [Ref 36] for the Tees Estuary has been updated for this project to 

allow assessment of flood risk to the proposals and the impact of the 

Proposed Development. 

7.3.2 The model has been updated to reflect latest available LiDAR and 

bathymetry. Boundary conditions for extreme sea levels and projected 

future sea-level rise have been updated in accordance with climate change 

guidance [Ref 18]. All known formal and informal flood defences, including 

recent structures at Greatham and Port Clarence, are represented within 

the defended model. 

7.3.3 Under NPPF Annex F [Ref 6], essential infrastructure located in high flood 

risk areas must be designed to remain operational and safe during at least 

the 1-in-200-year flood event.  

7.3.4 Whilst the operational life of the Proposed Development will be at least 25 

years, it could be longer, subject to market conditions. 30 years has been 

adopted as the reasonable operational life. EA guidance [Ref 27] requires 

the Flood Risk Assessment to consider a minimum 75-year development 

lifetime. Construction of the Proposed Development is anticipated to 

commence in 2028 and the Proposed Development is expected to be 

operational by 2031. The proposals include ground raising that will not be 

removed on decommissioning of the Main Site. As such, the legacy flood 

risk impact of the Main Site has been assessed for a 100-year design life. 
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7.3.5 To reflect the above timelines, the project has been assessed for climate 

change epochs to the years 2030, 2080, 2105 and 2130. These have been 

assessed against the Higher Central Sea Level Rise assumptions.  The 

2105 period has been assessed against the Upper End and H++ climate 

change scenarios (albeit the latter will not be subject to explicit hydraulic 

modelling).  

7.3.6 Climate change scenarios are defined in greater detail in Section 9. 

7.4 Modelled baseline flood risk 

7.4.1 Modelled flood maps can be found in Annex D Attachment E “Hydraulic 

modelling figures”. Details of the hydraulic modelling can be found in Annex 

D “LGF Hydraulic modelling report”. 

7.4.2 In the baseline conditions, the following areas are potentially affected by 

tidal flooding.  

• Southern section of the Main Site, in the existing Linkline pipeline 

corridor, where existing above ground pipelines are located, and where 

the SAF export pipeline will likely be routed. The area is flooded in the 

2030 1-in-200-year flood event. 

• Connection Pipeline Corridors and access routes, South Teesside - 

some areas of pipeline corridor are flooded in the 2030 1-in-10-year 

flood event 

• Sabic site electricity sub-station (proposals connect to this existing 

substation) - flooded in the 2080 1-in-200-year flood event but not 

flooded in the 1-in-1000-year 2030 flood event. 

• Marine Assessment Area (including the proposed new quay) - flood 

levels at the location of the quay are as shown in Table 7.1. Low ground 

immediately adjacent to the quay are noted as being at 4.55mAOD. 

7.4.3 The baseline modelling has identified flood levels at the location of the quay 

as shown in Table 7.1.  

  





 Flood Risk Assessment  
Rev 00 

  

 
Page 34                  PINS Reference EN0110025 

   

7.5.4 The Greatham Creek breach would imply the destruction of the emergency 

access road and would flood both the Tees Road and the Seal Sands Road, 

including the latter flooded up to 0.35m deep (in the Higher Central 2100 1-

in-200-year flood event, Seal Sands Road would still be flooded to 0.30m 

deep). This implies the site would be temporarily isolated in such an event.  

7.5.5 While both events have been modelled for a 2100 scenario and not a 2105 

scenario, there is only a 0.06m sea level rise between these two scenarios 

and incorporating this update will not be sufficient to overcome the 1m 

freeboard identified above. For comparison, the sea level rise between the 

0.5% 2100 Higher Central and Upper End scenarios is 0.25m, but only 

resulted in 0.12m increase in water level at Seal Sands Road. This has 

therefore not been remodelled for 2105 (see the Hydraulic modelling report 

in Annex Annex D for more details). 

7.5.6 The breach scenarios were not remodelled for the Proposed Development: 

the resulting flood outlines do not interact with the Proposed Development, 

and therefore the results would be unchanged. The Proposed Development 

includes increasing Main Site ground level to a minimum of 5.08mAOD and 

would therefore increase the level of freeboard to 1.25m. 

7.6 Fluvial flood risk   

7.6.1 The Holme Fleet was modelled as part of the EA’s assessment of local 

habitat creation measures [Ref 34]. A “Do Nothing” scenario at the Holme 

Fleet considered complete blockage of the culvert to the Tees, leaving this 

watercourse with no means of discharge; flood levels took three months to 

reach a level of 2.8mAOD in a 1-in-1000-year flood. Flood risk from the 

Holme Fleet is therefore considered negligible. 

7.6.2 The floodplain (and indeed catchment) of the Holme Fleet merge to the east 

of the Main Site. The volume of the combined fluvial floodplain to the east of 

the site below the Main Site existing ground level of 4.8mAOD is calculated 

at 17.75 million m3. The combined catchment area to this floodplain is 

calculated at 18.3km2. Even assuming that the floodplain’s outfalls to the 

Tees were all blocked, it would therefore take 0.97m of run-off from 

everywhere within the catchment for flood levels to reach the existing 

ground levels within the Main Site. 

7.6.3 For context, the 1% AEP present day 10day rainfall depth is 173.7mm. 

Applying the Upper End 2070’s climate allowance of 45% brings this up to 

252mm, which would generate 4.6 million m3 of run-off – but only if the 

catchment percentage run-off was assumed to be 100%. This would 

achieve a level of 3mOD if the outfalls were blocked. In reality of course, 

run-off would not be 100%, and the outfalls are highly unlikely to be left 
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blocked for an extended period of time. For context, local road levels are at 

~3.4mOD. 

7.6.4 The Main Site is therefore not at risk from fluvial flooding in the 1% Upper 

End 2070’s scenario even in its baseline condition. The proposals to raise 

the Main Site therefore do not displace fluvial floodwater and compensatory 

floodplain storage is not necessary. 

7.7 Surface water flood risk (pluvial flooding) 

7.7.1 Surface water flooding, also referred to as pluvial flooding, occurs when 

intense or prolonged rainfall generates surface runoff that cannot be 

absorbed by the ground or conveyed by the local drainage system.  

7.7.2 The EA Risk of Flooding from Surface Water (RoFSW) mapping categorises 

surface-water flood risk according to the following annual probabilities: 

• High risk: >3.3% AEP (greater than 1 in 30 chance each year); 

• Medium risk: 1% – 3.3% AEP (between 1 in 100 and 1 in 30); 

• Low risk: 0.1% – 1% AEP (between 1 in 1000 and 1 in 100); and 

• Very low risk: <0.1% AEP (less than 1 in 1000). 

7.7.3 The EA RoFSW mapping identifies several small, linear, and discrete areas 

within the Site at risk of flooding, ranging from low to high chance of 

flooding from surface water within the Main Site. They are mostly in the 

central and eastern parts of the Main Site (FRA Figure 14, Annex A). These 

are likely to be associated with low ground where water would pond after 

intense or prolonged rainfall event. 

7.7.4 The EA Long-Term Flood Risk Map [Ref 20] indicates that there is 

predominantly a low chance of surface water flooding to depths of 

approximately 20–30cm along the northern boundary of the Main Site, with 

some minor areas exhibiting a medium chance of flooding. This potential 

surface-water risk is associated with Seal Sands Road, and the immediately 

surrounding areas. 

7.7.5 Overall, the Site is associated with a variable but predominantly low to 

medium risk of surface-water flooding. Notwithstanding, there are isolated 

areas of higher risk which are likely linked to localised low-lying ground and 

sections of the access route and associated corridors. 

7.7.6 A surface water drainage strategy will be developed at detailed design 

stage. Surface water runoff will be collected and directed to on-site 

attenuation features prior to controlled discharge. The current design 

includes attenuation via balancing ponds, with discharge via an outfall 
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integrated with the proposed quay. Water quality will be monitored, with 

provision for treatment or diversion where required. 

7.7.7 Overall, surface water flood risk is considered secondary to tidal influences 

at the Site. However, localised ponding in low-lying areas may occur during 

high-intensity rainfall events. 

7.7.8 A surface water management strategy will be developed at the detailed 

design stage to ensure that runoff from the Proposed Development is 

appropriately managed and does not increase flood risk elsewhere. This is 

expected to include the use designed in accordance with relevant guidance 

and incorporating climate change allowances. 

7.8 Groundwater flood risk 

7.8.1 The Main Site is underlain at depth by Mercia Mudstone which is of low 

permeability and is underlain by the high permeability Sherwood Sandstone 

Group Principal Aquifer. The bedrock is overlain by superficial deposits 

including Tidal Flat deposits underlain by glacial deposits. The superficial 

deposits are also predominantly of lower permeability that may store and 

yield limited amounts of groundwater. 

7.8.2 At a local scale, groundwater within superficial deposits and made ground 

generally flows toward the River Tees, which is likely hydraulically 

connected to shallow groundwater in the Tidal Flat deposits.  

7.8.3 Both the RCBC Level 1 SFRA [Ref 15] and PFRA [Ref 14] state that the 

overall risk of groundwater flooding in Redcar and Cleveland is low. It is 

noted in these assessments, that the majority of the borough may be 

subject to very wet ground conditions as a result of winter waterlogging. 

STBC hold no records of groundwater flooding problems in their area. 

7.8.4 The Tees CFMP Catchment Flood Management Plan [Ref 29] states that 

there is little documented evidence of groundwater flooding in the Tees 

catchment and groundwater flooding is not known to be a major problem 

due to the geology of the catchment.  

7.8.5 It is anticipated that any localised, emergent groundwater seepages would 

be managed by the new or updated drainage system. The detailed design 

for the Proposed Development will also need to ensure foundation design 

does not adversely affect (and is not adversely affected by) changes in 

groundwater elevation in made ground (Main Site) and underlying 

superficial deposits (River Tees).  

7.9 Reservoir flood risk 

7.9.1 Reservoir flooding is categorised as flooding from an artificial source, 

typically resulting from the overtopping, structural failure, or breach of a 
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reservoir or its associated outfall structures. The likelihood of such events is 

considered very low, owing to stringent regulatory and inspection regimes. 

However, the consequences of a breach can be severe, making reservoir 

flooding a residual but high-impact risk. 

7.9.2 The EA Reservoir Flood Map indicates that the Main Site is not directly at 

risk of flooding from reservoirs (FRA Figure 15 Annex A). However, the Main 

Site lies adjacent to areas identified as being at potential risk of flooding 

from this source; under both normal river conditions and combined fluvial–

reservoir flood scenarios. 

7.9.3 The reservoir flood map indicates a flood level of 3.5-3.6mAOD associated 

with the “Wet Day” failure. As such, the Main Site has significant freeboard 

against failure from reservoirs. The only proposals within the reservoir 

floodplain are the access routes and existing pipeline corridors. The 

reservoir flood risk floodplain already includes residential properties, and as 

such, the reservoirs behind the floodplain will be Category A under the 

Reservoirs Act [Ref 34] and shall not need to change category because of 

the proposals. 

7.10 Canal and artificial flooding 

7.10.1 The residual risks associated with canal flooding are primarily influenced by 

the location and nature of any potential structural failure.  

7.10.2 There are no canal systems within the Site or the surrounding area (as 

noted in the STBC and RCBC SFRAs). On this basis, there is no risk of 

canal flooding to the Site. 

7.11 Flood risk from utilities 

7.11.1 A detailed utility survey and verification exercise has been undertaken to 

confirm the location, condition, and capacity of all existing underground 

services, including water mains and drainage infrastructure. No flood risk 

issues were identified for the site. 
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8.2.4 If development cannot be located in low-risk areas, the Sequential Test 

should compare reasonably available sites: 

• first, within medium risk areas; and 

• then, if no reasonable sites are available in both low and medium risk 

areas, within high-risk areas. 

8.2.5 The NPS also notes “When seeking development consent on a site 

allocated in a development plan through the application of the Sequential 

Test, informed by a strategic flood risk assessment, applicants need not 

apply the Sequential Test, provided the proposed development is consistent 

with the use for which the site was allocated and there is no new flood risk 

information that would have affected the outcome of the test.”  

8.2.6 STBC Level 1 SFRA states “Planning should seek to avoid inappropriate 

development in areas at risk of flooding by directing development away 

from areas at highest risk and ensuring that all development does not 

increase risk and where possible can help reduce risk from flooding to 

existing communities and development.” 

8.2.7 The STBC Local Plan [Ref 8] identifies policies SD4 and EG4 as applying to 

the Main Site, albeit that they do not cover the entire site as the plan dates 

from 2019, when the Main Site was in use by its previous occupier. The 

Local Plan was informed by the STBC Level 1 SFRA. 

8.2.8 Policy SD4 identifies support for redevelopment of previously developed 

land. The Seal Sands area is noted as one of three main growth locations 

for ‘Specialist Uses’, including hazardous installations and energy 

generation.  

8.2.9 Policy EG4 builds on Policy SD4, identifying the need for an FRA for such 

development. 

8.2.10 As stated in previous sections, the Main Site is located in Flood Zone 1, 

while  sections of existing pipeline and access routes within the Wider Site 

located within Flood Zone 2 and 3. The quay is located in Flood Zone 3.  

8.2.11 It is the nature of the connecting pipelines within the Wider Site that they 

connect to existing third party generation, use, treatment or transmission 

locations within Teesside. To reduce their collective impact, such pipelines 

are routed along existing shared corridors. The location of these pipelines 

within Flood Zone 2 or 3 is therefore as much a function of these corridors 

and connection points as it is a function of the proposed site location. Their 

presence within Flood Zones 2 and 3 is therefore not considered material to 

the Sequential Test. 
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8.2.12 The Main Site requires access to quayside facilities for delivery of resilient 

fuel supplies avoiding reliance on road transport, and an area that is large 

enough to accommodate the infrastructure of the Main Site and on site 

power generation. Furthermore, the infrastructure needs to be within 

proximity to a WwTW and with access to existing utilities and CO2 transport 

and storage proposals and transport access routes (marine, road & rail). 

This greatly limits the number of sites available; most available quayside 

sites are likely to subject to similar, if not greater levels of flood risk.  

8.2.13 The consideration of alternative sites is presented in Chapter 

6: Alternatives (ES Volume I, Application Document Ref. 6.1.). Three 

alternative sites were considered on Teesside. 

8.2.14 A previous site was under consideration at the former Air Products TV1/TV2 

site in North Tees (“the Huntsman Drive site”) located to the southwest of 

the current Main Site of the Proposed Development. However, a significant 

portion of that site was at a lower level than the current Main Site, and 

therefore at higher flood risk. The previous site did not have direct access to 

the River Tees and was, therefore deemed less suitable for delivery of 

construction modules and feedstock. The previous site was also smaller in 

size, which would have meant that the biomass feedstock pre-treatment 

would have had to be undertaken off-site.  

8.2.15 A second site was under consideration in South Tees; however the quay for 

this site is subject to a recent and live planning application for use of the 

existing quay, which would leave insufficient space for the construction and 

operation of the Proposed development. The site also had no access to 

third party liquid export infrastructure, and no viable route for developing a 

crossing under the Tees to reach existing export facilities in North Tees. The 

creation of export facilities on site would conflict with the existing planning 

permission and quay access for space.  

8.2.16 These important technical reasons contributed to the decision to change the 

location of the SAF Production Facility to the Main Site. 

8.2.17 No other alternative sites have been identified that are both available and 

suitable, in accordance with the requirements outlined above. Considering 

these factors, the Site is considered to comply with the principles of the 

Sequential Test. 

8.3 Exception Test 

8.3.1 According to Table 8.1, Essential Infrastructure located within a high-risk 

flood zone (Flood Zone 3) is also required to satisfy the Exception Test. The 

Exception Test necessitates that the Proposed Development demonstrates 

both sustainability benefits and appropriate flood risk mitigation. The 
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Proposed Development meets the Exception Test criteria through the 

following measures: 

• Sustainability Benefits: The Proposed Development represents a £2 

billion strategic investment in a biomass-to-SAF facility in Teesside (see 

Section 4), delivering measurable environmental and socio-economic 

gains. The facility will convert biomass feedstock into advanced SAF 

and renewable naphtha, directly supporting the UK’s Net Zero and 

circular economy objectives. The inclusion of low-carbon energy 

infrastructure, comprising a biomass and waste wood-fired CHP plant 

enhances the Site’s energy autonomy. These outcomes strengthen 

national energy resilience, reduce greenhouse gas emissions, 

positioning Teesside as a key node in the UK’s green energy transition. 

Chapter 7: The Proposed Development (ES Volume I, Application 

Document Ref. 6.1), and the Planning Statement  describe the main 

planning and energy policies of relevance to the Proposed Development 

and how those policies support the need for the Proposed 

Development. 

• Flood Resilience and Safety: Flood-resilient measures will be 

embedded into the design to ensure effective management and 

mitigation of flood risk. The majority of the Main Site is located within 

Flood Zone 1 (low risk), where the SAF production infrastructure and 

other critical assets are located. The Proposed Development is classed 

as Essential Infrastructure and under NPPF Annex F, must be designed 

to remain operational and safe during at least the 1-in-200-year flood 

event. 

8.3.2 No cumulative impact on flood risk elsewhere: Hydraulic modelling has 

been undertaken to demonstrate no increase in flood risk in areas of Flood 

Zone 2 and 3, or creation of new areas of flood risk, as a result of the 

Proposed Development.   
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9 Climate change 

9.1 Climate Change allowance 

9.1.1 Climate change is expected to, and likely already does, influence key 

hydrological and coastal parameters including peak river flows, rainfall 

intensity, sea level rise, offshore wind speeds, and extreme wave heights. 

These changes are anticipated to increase both the frequency and 

magnitude of flooding, heightening risks in areas already susceptible to 

flood events and potentially introducing new areas to flood risk to areas that 

are currently unaffected [Ref 25]. 

9.1.2 There are two principal approaches to incorporating climate change into 

design: 

• the precautionary approach, which entails implementing mitigation 

measures at the outset to account for potential climate change impacts;  

• the managed adaptive approach, which allows for mitigation measures 

to be introduced in the future, once there is greater certainty regarding 

the scale and nature of climate change effects on factors such as river 

flows and rainfall; 

• the proposals have adopted the precautionary approach for still water 

flood risk, albeit that there is scope to raise defences at a later date, 

given the scale of the Main Site. The managed adaptive approach is 

considered appropriate for managing a low residual risk from wave 

impacts; and 

• whilst the operational life of the Proposed Development will be at least 

25 years, it may be longer, subject to market conditions. 30 years has 

been adopted as the reasonable worst case operational life. EA 

guidance [Ref 27] requires the Flood Risk Assessment to consider a 75-

year development lifetime. Construction of the Proposed Development 

is anticipated to commence in 2028 and is expected to be operational 

from 2031. The Proposed Development includes raising of ground 

levels which will not be reinstated when the Proposed Development is 

decommissioned. Flood modelling therefore assesses a 100 year period 

to check against permanent change to the floodplain. 

9.1.3 The NPPF and NPS outlines how the planning system should reduce 

vulnerability and enhance resilience to climate change impacts. The EA’s 

climate change allowances for flood risk assessments provide guidance for 

designers and developers on assessing and accommodating these impacts. 

The applicable climate change allowances for different sources of flooding 

at the Site are presented under the following sub-sections. 







 Flood Risk Assessment  
Rev 00 

  

 
Page 47                  PINS Reference EN0110025 

   

9.2 Future flood risk accounting for climate change 

Fluvial and tidal/coastal flooding 

9.2.1 Allowances for sea level rise have been incorporated to the hydraulic 

modelling as appropriate. While flood levels are noted as being extremely 

insensitive to changes in flow, climate change has also been applied to the 

flow boundary in the hydraulic model.  

Surface water flooding and drainage 

9.2.2 Climate change is expected to increase the frequency and intensity of 

rainfall events, which may heighten the risk of surface water flooding.  

Future climate surface water maps have been reviewed, and no significant 

changes to the flooding mechanism are anticipated. 

9.2.3 As the detailed drainage design is not yet developed, assessment of this 

risk remains preliminary; however, the final drainage strategy will 

incorporate appropriate climate change allowances in accordance with EA 

and LLFA guidance. 

Groundwater flooding 

9.2.4 In the absence of site-specific data, professional judgement has been 

applied to assess the potential future flood risk from groundwater sources. 

Climate change is anticipated to increase rainfall, which may enhance 

infiltration rates and subsequently raise groundwater levels within 

underlying aquifers. As a result, a slight increase in groundwater flood risk 

relative to baseline conditions may occur.  

9.2.5 Overall, the Site is considered to be at low risk of groundwater flooding. It is 

recommended that the Flood Emergency and Evacuation Plan also account 

for potential groundwater flooding to maintain safe access and egress over 

the operational lifetime of the Proposed Development. 

Artificial flood sources (sewer flooding, canals and reservoirs) 

9.2.6 In the absence of detailed data, professional judgement has been applied to 

evaluate the potential future flood risk from artificial sources. Climate 

change may increase the frequency and intensity of rainfall events, 

potentially leading to a slight rise in flood risk from sewer systems, although 

this remains a residual risk under baseline conditions.  

9.2.7 There remains no risk from canal failure under future climate conditions. 

9.2.8 While future climate conditions may increase the likelihood of reservoir 

failure, the management of this risk will remain tightly controlled. The 

potential magnitude of coincident floods in the “wet day” conditions may be 

increased by future climate conditions, but the overall volume of reservoir 
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water released in any incident would remain the same. As such the future 

flood risk from reservoirs is considered low. 

H++ sensitivity assessment 

9.2.9 The H++ scenario is a plausible, high-impact, low-likelihood “credible 

maximum” extreme future scenario, required to be assessed for NSIPs by 

the NPPG guidance on climate change allowances [Ref 18]. 

9.2.10 The H++ climate change scenario has not been explicitly modelled due to 

the Proposed Development being situated within a hydraulically insensitive 

area where flood mechanisms are not materially altered. Instead, a 

qualitative assessment has been undertaken by comparing extreme water 

levels with LiDAR-derived ground levels. 

9.2.11 The Proposed Development includes raising Main Site levels to a minimum 

of 5.08mAOD, providing inherent resilience to tidal flooding. 

9.2.12 30 years has been adopted as the reasonable worst case operational life 

for the Proposed Development (from 2031). Environment Agency guidance 

requires assessment over a 75-year development lifetime. Accordingly, the 

assessment adopts a precautionary approach using late-century climate 

change allowances which is a more precautionary and extreme scenario 

than the client’s requirements.  

9.2.13 Access to the Main Site is the provided via Seal Sands Road, with 

connections to the wider road network via the A1185. Secondary 

emergency access routes are also included within the Site. Under extreme 

flood conditions, there is potential for localised flooding along access 

routes, which may temporarily restrict access and egress during peak 

events. However, the Proposed Development will incorporate an on-site 

refuge in the form of a control building designed as a place of safety, along 

with designated muster points, ensuring that risks associated with 

temporary isolation are appropriately managed. 
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10 Proposed development flood risk 

10.1 Approach to site flood resilience. 

10.1.1 Outline design of the Proposed Development has been informed by 

hydraulic modelling of the proposals. The assessment considers potential 

changes in flood risk, including climate change, over the lifetime of the 

Proposed Development. The available modelling outputs were used to 

inform design flood levels for the Site. 

Main Site 

10.1.2 A tiered approach to setting design levels is applied in the Main Site. The 

general existing ground level of approximately 5.08mAOD already provides 

a Standard of Protection (SoP) equivalent to the 2105 Higher Central 0.5% 

event + 0.23m allowance. Residual Uncertainty Assessment identifies that a 

0.23m allowance achieves a 99% probability of non-exceedance, which is a 

conservative allowance. It is therefore proposed to adopt a minimum of 

5.08mAOD for the site ground levels, and raise any low ground above this. 

Threshold levels of adaptable and less vulnerable components are 

proposed to be set to a minimum of 2105 Higher Central 0.5% event + 

0.53m (5.38mAOD). Vulnerable or hard-to-adapt components are proposed 

to adopt a higher minimum level of 5.68mAOD, which corresponds to a 

2105 Upper End 0.5% event + 0.57m. Threshold levels will also be set to a 

minimum of 0.30m above ground level (to minimise surface water flood 

risk). 

10.1.3 This tiered approach reflects the varying vulnerability of site components 

and aligns with EA expectations for essential infrastructure. It ensures that 

critical infrastructure remains operational during design flood events, while 

allowing less vulnerable elements to adopt proportionate levels of 

protection. The limited sensitivity of assessed flood levels, based on 

existing baseline hydraulic modelling outputs, provides confidence that 

proposed ground raising and design levels will not materially affect flood 

behaviour within the wider system. The assumed levels of vulnerability per 

site component are as per Table 10.1. Without building usage/materials 

information being known at application stage, a precautionary assumption is 

made that all buildings are more vulnerable/less adaptable.   
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measures, as they are more likely to be more effective and reliable. 

Avoidance, flood resistance, and flood resilience mitigations shall be 

applied, including: 

• Adoption of sequential approach to the layout of the Proposed 

Development. While the Main Site is predominantly flat, and therefore 

flood risk variation within the Main Site is low, such an approach favours 

the location of feedstock materials and other “less vulnerable” 

components (see Table 10.1) towards the Tees side of the Main Site, 

and the location of buildings and plant and other “more vulnerable” 

components towards the north and west of the Site. The Indicative 

General Arrangement Plan (Application Document Ref. 2.5.1) 

demonstrates that this principle has been followed (the control buildings 

are not explicitly labelled on this plan: they are to the south of label 35 in 

Drawing 5); 

• The construction of the quay along the alignment of the existing 

revetment (listed as a defence on the AIMS database) amounts to a 

change in the alignment of the flood defence. The quay will be owned 

by LGF Project Limited, who will be authorised to maintain quay for the 

duration of their ownership. Where possible, other structures will be set 

16m back from the quay to satisfy EA access requirements. Design will 

be in accordance with the Construction (Design and Management) 

Regulations [Ref 44] and shall enable safe access for the quay’s 

maintenance, repair, operation, and replacement as necessary. Such 

access and operations by the EA would nonetheless need to be by 

agreement with the site operator,to ensure compliance with relevant 

Health and Safety, and operational requirements of a quay in an 

industrial setting;   

• Ground floor finishes will be made using durable materials that are less 

likely to be affected by saline water, such as ceramic/concrete/stone, 

plastics and/or water-resistant composite woods; 

• Any critical infrastructure, machinery and electrical equipment shall be 

elevated above the predicted design flood levels corresponding to the 

part of the Site in which they are to be located. Away from wave 

environments, this will be a minimum level of 5.68mAOD. Within 20m of 

the site boundaries, where there is a greater chance of an adverse 

wave environment, electrical fittings and appliances will need to be 

raised above an indicative minimum level of 5.83mAOD, to be 

confirmed by more detailed assessment at detailed design; 

• All other electrical fittings and appliances (including 

equipment/machinery) shall be raised as high as practicable above the 
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ground floor levels, electrical ring mains should be installed above the 

identified flood levels (or as high as is practicable), with drops to ground 

floor sockets and switches; 

• All water sensitive electrical components for the quay shall be 

‘contained’ within a waterproof protection system to make them flood 

resilient; 

• All other infrastructure that could be damaged by flood waters shall be 

protected and sealed and/or raised as high as practicable above design 

flood levels; 

• Storage of any stockpiled materials, hazardous materials/waste (e.g. 

chemicals) shall be elevated as high as practicable above the ground 

floor levels. Chemical storage may need to be bunded; 

• Non-return valves shall be fitted to all water supply, sewerage and 

drainage infrastructure; 

• Wherever possible, construction methods that promote easy draining 

shall be used; 

• Use of sacrificial materials (i.e. materials and fittings that are likely to be 

damaged in times of flood, but that can be easily replaced) shall also be 

considered; 

• Provision shall be made for safe access, egress and/or refuge to enable 

evacuation and/or access by emergency services, as part of the 

detailed design; and 

Flood warning and evacuation plan (FWEP) 

10.1.10 The Proposed Development workers and users will need to have sufficient 

warning and notice prior to any flood event inundating the Proposed 

Development, recognising this is low risk for the Main Site.  A site-specific 

Operational Flood Warning and Evacuation Plan (Operational FWEP) must 

be prepared for the Site (see Section 7.2). This must account for all sources 

of flood risk, including the effects of climate change over the lifetime of the 

Proposed Development. This plan must clearly identify procedures, and 

roles and responsibilities for staff working at the Proposed Development to 

ensure safe operation, access and egress in times of flood. The Operational 

FWEP would be developed separately by the site operator and informed by 

the Proposed Development final designs. 

10.1.11 The CEMP(s) will also include a FWEP which will be approved prior to the 

commencement of the relevant works. The proposed mitigation would  

include signing up to the EA’s flood warning service to act as an early 
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warning system. The EA flood warnings can provide advance notice of 

areas at risk of flooding from rivers, tidal, and groundwater sources. 

Safe route of access/egress 

10.1.12 Safe evacuation of staff, visitors and vehicles from the Proposed 

Development will be required in response to an EA Severe Flood Warning. 

10.1.13 Breach modelling indicates that sections of the surrounding road network 

may become inundated during extreme events. However, flooding across 

the Site and access routes is generally shallow with low flow velocities, 

reflecting the flat topography. 

10.1.14 The primary access road is the extension of the Seal Sands Road 

connecting from the west end of the Main Site to Seaton Carew 

Road/A1185 Roundabout.  

10.1.15 Safe access and egress is possible to the Main Site via the main access 

along the Seal Sands Road in events up to and including the 0.5% AEP 

2105 Upper End scenario and 0.5% AEP 2130 Higher Central scenario.  

10.1.16 Some other roads in the vicinity of the Main Site are flooded in lesser 

events, with potential impacts on ease of access (without preventing access 

entirely). Nonetheless, the gradual onset of flooding and generally low 

hazard conditions mean that safe access and egress can be achieved, 

given sufficient warning. Flood warning for tidal events is generally 

deliverable with significant advance notice. 

10.1.17 Modelling of breach events show that the Seal Sands Road and connecting 

A178 Seaton Carew Road/Tees Road would be flooded in a breach at 

Greatham Creek in a 0.5% AEP 2100 Higher Central scenario or higher, 

resulting in temporary road loss of access or egress from the Main Site in 

such an event. The modelled velocities local to the roads are not high, so it 

is not thought that they would be scoured in a flood event, and it is likely 

that the Seal Sands Road would be serviceable following the event.  

10.2 Surface water (overland) flood flow mitigation  

10.2.1 The Main Site is already predominantly at a height above predicted flood 

levels and largely flat; as such it does not have any existing natural 

overland flow paths. Raising of the Main Site does not disrupt any 

flowpaths.  

10.2.2 Proposed drainage will be designed in accordance with current regulations 

and guidance, and as appropriate, incorporating overland flood flow routes 

for the conveyance of excess floodwater towards areas of low vulnerability 

land use. 
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10.3 Framework Drainage Strategy  

10.3.1 A Framework Drainage Strategy has been prepared separately to support 

the Proposed Development (refer to the Framework Drainage Strategy, 

Annex C). The drainage strategy sets out the proposed approach for the 

management of surface water across the Main Site, including the collection, 

conveyance, attenuation, treatment, and discharge of runoff in accordance 

with relevant national and local policy, Environment Agency guidance, and 

LLFA requirements.  

10.3.2 The Proposed Development may not be considered suitable for infiltration-

based SuDS due to ground conditions and potential contamination risks. 

Pending further review, surface water runoff will be managed close to 

source by natural infiltration across the Site and paved areas will be 

generally limited to the process units. All surface water features, including 

SuDS, will be lined or sealed to prevent contamination.  

10.3.3 Attenuation of clean surface water is proposed via retention ponds located 

on the Main Site. These ponds will be sized to accommodate runoff from 

the full contributing catchment area(s), based on detailed site hydrology and 

drainage connectivity at detailed design. The ponds (in combination with 

any upstream features) will provide sufficient attenuation for events up to 

and including the 1 in 100-year rainfall event plus climate change. This will 

ensure flooding during this event is managed within the Proposed 

Development boundary in accordance with LLFA requirements.  

10.3.4 Final attenuation sizing will consider climate change allowances, future 

development, and additional storage needs such as firewater or process 

discharges. Storm durations will be tested to identify the critical event to 

ensure compliance with LLFA guidance and operational resilience.  

10.3.5 The proposed retention ponds do not provide primary water quality 

treatment, and upstream measures will be prioritised to protect the storage 

function and reduce sediment build-up in the ponds. These include 

appropriate SuDS and full retention oil-water separators at high-risk 

locations. 

10.3.6 The discharge of surface water from the retention ponds is proposed to be 

to the River Tees via an outfall in the south-east corner of the Main Site to 

the south of the new quay (an extension of the existing outfall to the quay). 

It is recognised that the discharge rate will therefore ultimately be governed 

by the hydraulic capacity of the existing outfall pipe. 

10.3.7 The final discharge rate will be confirmed at detailed design in accordance 

with LLFA guidance, with flows managed to ensure that there is no increase 

in flood risk elsewhere, which supports the conclusions of this FRA. The 

detailed drainage design will be confirmed post-DCO and will be developed 
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A 0.23m uplift corresponds to a non-exceedance probability of 99%. This a 

high level of confidence, in excess of industry standards. 

10.5.5 Flood levels at the Site are dominated by the assumed tidal boundary, to 

the degree that the tidal boundary level explains all but 1cm of the flood 

level at the Site. It should therefore be understood that local flood risk is not 

sensitive to the presence or absence of the dredged berth pocket adjacent 

to the quay. The maintenance of this berth pocket is therefore only of 

importance to navigation and not to flood risk. 

10.5.6 Waves are not explicitly represented in the model, but the associated flows 

onto the Main Site have been calculated using the EurOtop (2018) 

methodology and have been considered in terms of potential hazard to Site 

users.  

10.5.7 Within the  30 year operational life, the unmitigated risks to pedestrians are 

generally acceptable for trained staff, but some areas of higher hazard 

would be present at the north and south ends of the quays. Subject to 

vehicles in the vicinity of the quay driving at low speeds during flood events 

(which can be managed through the Operational FWEP), the hazards to 

vehicles are acceptable. Buildings and equipment would not be at risk. 

Some wave protection, which will be ~0.30m high, will be implemented at 

either end of the quays, to mitigate the risks to pedestrians back to 

acceptable levels. 

10.5.8 Within the Environment Agency’s required 75 year assessment period, the 

risks to pedestrians on the site edge may be significant, as may the risks to 

vehicles. Provided buildings are not set at the very edge of the site, their 

exposure to structural damage should be low. Equipment should where 

possible be set back at least 10m, and may require additional raising or 

wave protection. It is noted that the quay has rail mounted continuous ship 

unloaders and a quay crane, which would be approx. 3m from the quay 

edge. The unloaders and crane themselves will be at significant height 

above waves: while their travel gear will remain at quay level, they are 

generally designed for a marine environment with wave spray; the quantum 

of predicted flow does not indicate significant inundation.  

10.5.9 Ultimately, these residual risks are controllable. The risks to pedestrians 

and vehicles can be controlled through response procedures and restricting 

access during flood events. The actual exposure can be minimised by 

setting back development from the Main Site edge, and / or incorporation of 

low bunding at the edge of the Main Site or beside development. Modelling 

has demonstrated that raising the ground levels of the site has negligible 

impact on flood risk to adjacent sites, and this gives the freedom to 

undertake such measures without concerns for flood displacement. 
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10.5.10 There is some uncertainty in the understanding of this hazard. The paper 

used (Allsop et al (2008) [Ref 38]) relates the hazard to an average 

overtopping flow, but the analyses are based on coastal waves. Coastal 

waves have a highly randomised behaviour that mean the highest waves 

within a given wave state may produce far higher overtopping flows than 

the average waves, and it is these waves which will define a lot of the 

hazard. In the more sheltered context of the Site, this effect will not be so 

marked, and hence the hazard will be significantly lower than suggested by 

the papers.  

10.5.11 It is recommended that more detailed wave modelling is carried out as 

detailed design progresses to support design of mitigation measures for 

wave hazard, particularly around the north and south ends of the quays, 

and more detailed identification of the hazard.  

10.5.12 Given the uncertainty associated with understanding of the wave hazard 

(and likely conservatism in the current approach), where the detailed wave 

modelling does not indicate a wave hazard to be managed within the 30 

year operational life of the Proposed Development, it is recommended that 

the residual risk associated with waves is managed using a managed 

adaptive approach, i.e. if a physical intervention is confirmed as being 

required later in the Proposed Development’s operational life, it can be 

implemented or investigated further then. 

10.5.13 Such an approach recognises that the results of the modelling indicate 

extremely low sensitivity to development of the Site, and therefore 

implementing a physical intervention later in the Proposed Development’s 

operational life would not introduce any notable increase in flood risk to 

surrounding developments. Design development shall retain the necessary 

space to implement these measures at a later date. 

10.6 Flood hazard 

10.6.1 Flood hazard mapping has been reviewed to understand the potential risk 

to people during a flood event, taking into account both flood depth and flow 

velocity. The mapping is shown in Annex Error! Reference source not 

found.. The hazards described are as defined by the ZUK0 parameter from 

FD2321 Flood Risks to People [Ref 39]. 

10.6.2 The modelling indicates that areas of high hazard are primarily associated 

with the main river channel and adjacent floodplain, where deeper and 

faster flowing water is present. These areas are categorised as significant 

to extreme hazard and are consistent with expectations for tidal/fluvial 

flooding in this location. 
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10.6.3 In the Main Site, there is no flood ingress up to and including to the 0.5% 

AEP 2105 Higher Central design event. Exceedance events have also been 

assessed (the 0.5% AEP 2105 Upper End, and 0.5% AEP 2130 Higher 

Central events). These show low hazard within the Main Site.  

10.6.4 One part of the Wider Site where hazard  is noted as being “Danger for all” 

(is the location of a 132 kV electrical connection from the Main Site to the 

existing North Bank Supply Point located to the south of the Main Site. The 

cables would however be buried at this location and staff would only be 

exposed to this risk if undertaking maintenance operations at the same time 

as a flood event, which can be managed through the Operational FWEP.  

10.6.5 There is no hazard in the 0.5% AEP 2105 Higher Central design event 

along the existing road & pipeline corridor running north east from the Main 

Site. In exceedance events, hazard at the Main Site ranges from “very low 

hazard” to “danger for some.” The hazard associated with these 

exceedance events is manageable by an appropriate Operational FWEP. 

10.6.6 Overall, the pattern and magnitude of flood hazard are considered to 

remain broadly consistent with the baseline scenario.  

10.7 Residual flood risk  

10.7.1 Residual flood risk at the Site has been assessed with reference to 

exceedance scenarios (the 0.5% AEP 2105 Upper End, and 0.5% AEP 

2130 Higher Central events), breach scenarios and potential flood defence 

failure mechanisms, such as embankment breach or overtopping. These 

represent conditions beyond the design standard.  

Main Site residual risk 

10.7.2 It can be seen from Table 10.2 that the two modelled exceedance scenarios 

are only 0.03m and 0.05m above the proposed Main Site ground level 

respectively. As such, only shallow flooding is noted in these events, and it 

is stopped by raised roads or bunded areas within the Main Site. This 

reduces the likelihood of sudden or high velocity flows developing across 

the Main Site within this scale of exceedance event. 

10.7.3 Residual flood risk associated with embankment failure is considered to be 

low. Along the River Tees, the Main Site is bounded by an existing sheet 

piled quay structure rather than a raised earth embankment. The Main Site 

is therefore not reliant on a conventional flood defence embankment, and 

residual flood risk is principally associated with extreme exceedance events 

rather than embankment failure. 

10.7.4 The relatively flat nature of the Main Site limits the potential for rapid flow, 

and as a result, floodwater spreads gradually with limited hazard. 
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10.7.5 Residual risks remain associated with more extreme events exceeding the 

design standard, as well as the potential for exceedance or blockage of 

drainage infrastructure. However, these risks are not considered to be 

materially different from the baseline scenario and are typical of sites 

located within the floodplain. 

Wider Site residual risk 

10.7.6 Within the Wider Site, the Proposed Development makes use of existing 

shared utility corridors or roads, and it is not reasonably practicable to 

locate utilities outside of the floodplain or above flood water to provide flood 

alleviation. This is because utilities within these corridors share existing  

infrastructure with other third party utilities, and / or connect to existing 

treatment, distribution, generation or receiving points. Nonetheless, the 

risks are low, as follows. 

10.7.7 Work No. 9a (Industrial Gases Connection Works) runs northeast from the 

Main Site underground along the existing pipe corridor. Works No. 10 

(Replacement and new wastewater pipeline connection works) run above 

ground along the road in parallel with them. Within this length, the pipes sit 

outside the 0.5% AEP 2105 Higher Central floodplain.  

10.7.8 The pipes turn east towards the Tees and pass under the Tees through 

existing pipeline (Work No. 9a) and tunnel infrastructure (Work No. 10) 

under the Tees. The wastewater pipeline enters the northern tunnel without 

passing through any areas of the 0.5% AEP 2105 Higher Central floodplain, 

and the entrance to the west bank tunnel sits outside this floodplain. The 

route of the industrial gases pipelines would flood over a 45m length near 

the Tees by 0 – 0.12m depth in the 0.5% AEP 2105 Higher Central event 

albeit that the pipelines are underground, would be fully welded (i.e. no 

flanges) and designed against flotation. 

10.7.9 The proposed wastewater pipeline exits the tunnel on the northside of 

Dabholm Gut. It runs along the north side of the Dabholm Gut, where it will 

be raised 0.45m or more above ground levels, giving it a minimum invert 

level of approximately 4.27mAOD. It is afforded a slightly higher level of 

protection by a wall beside the Gut, and high ground (4.35mAOD) on the 

Tees side of the basin to its north. In 2030, this pipeline would have 

approximately a 0.1% AEP frequency of flooding. In 2060, this pipeline 

would be subject to approximately a 0.5% AEP frequency of flooding. In 

2080, this would be approx. a 2% AEP of flooding, and by 2105, a 16% 

AEP.  

10.7.10 While high velocities are noted in the vicinity in the model results, closer 

inspection shows that this only occurs at low depths of flow just as the 
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location initially floods. At depths high enough for water to make contact 

with the pipeline, velocities are low. 

10.7.11 The materials and finishes of the wastewater pipe, and its corrosion 

protection will be selected according to the carried fluid and exposure 

environment and ground conditions; supports would be designed according 

to hydraulic forces in this location. As such, this pipeline is considered 

appropriately flood resilient for its location. 

10.7.12 A new high-pressure nitrogen pipeline system will be buried underground 

along the south side of Dabholm Gut. At this location, flood risk to local 

ground levels (4.25mAOD) would be 0.25% AEP in 2030, and 

approximately 4% in 2080; it would be as high as 33% in 2105. 

10.7.13 The materials and finishes of the Nitrogen pipeline, and its corrosion 

protection will be selected according to the carried fluid and exposure 

environment and ground conditions. Pipework would be fully welded (i.e. no 

flanges) and designed against flotation. As such, this pipeline is considered 

appropriately flood resilient for its location. Safety systems would monitor 

the pressure of pipeline against any breach. As such, this pipeline is 

considered appropriately flood resilient for its location. 

10.7.14 Oxygen will be supplied through an existing pipeline which may need 

upgrading in sections. Nitrogen and oxygen pipes make use of existing 

pipeline and tunnel infrastructure under the Tees. 

10.7.15 The Proposed Development includes an off-site 132 kV electrical 

connection to be constructed from the Main Site to the existing North 

Bank Supply Point located to the south of the Main Site. The Supply Point is 

at a ground level of 4.53mOD, and is subject to minimal (<0.2% AEP) flood 

risk at the end of the 30 year operational life. Within the period of 

assessment, the supply point would be subject to a 0.5% AEP flood 

frequency in 2080 and a 4% AEP flood frequency in 2105. The electrical 

connection is only required to provide power for startup and in the event 

that the on-site CHP plant is not operational. The Proposed Development is 

not therefore wholly dependent on this connection. 

10.7.16 The connections themselves would be either underground (and therefore 

flood resilient), or above ground, in which case they would be raised to a 

minimum of the “more vulnerable” level of 5.68mAOD. 

The H++ Scenario 

10.7.17 The H++ Credible Maximum Future Climate scenario assumes a flood rise 

of 1.90m over the period 2000-2100. Adjusting for the base year of 2017 

from the Coastal Flood Boundary Extreme Sea Levels, this gives sea level 

rise of 1.58m to the year 2100. This is sufficient that the flooding to the Main 
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Site would have an annual probability of 30%. Road based evacuation 

would be impacted in a ~7% AEP event. In a 2100 0.5% AEP H++ event, 

the flood level would be 5.65mAOD. The Main Site would be nearly entirely 

flooded, with land-based evacuation being possible only on foot through the 

Sabic site and along the railway line at Port Clarence.  Sensitive 

components of the Main Site (at a minimum level of 5.68mAOD) would 

have a 2% AEP standard of protection (assuming comparable levels of 

RUA). 

10.7.18 The Proposed Development incorporates on-site refuge in the form of a 

control building designed as a place of safety, along with designated muster 

points, ensuring that risks associated with temporary isolation are 

appropriately managed. 

10.7.19 To retain a 0.5% AEP 2105 standard of protection (SoP) to the Main Site 

with the same 0.23m RUA, it would need an approximately 1.2m high 

defence along much of its boundary, however for the Site to remain viable 

would require a significant level of modification to also protect the 

associated access, and the facilities that it connects to.  

10.7.20 Making the Site viable over shorter periods of time would require less effort 

and it is noted that (assuming the same RUA), the proposed ground level 

would have a better than 0.3% AEP SoP for 25 years, or a better than 

0.67% AEP SoP for the reasonable worst case operational life of 30 years, 

or a better than 10% AEP SoP for 50 years. Even over a 50 year period, 

more vulnerable components would retain a 0.2% SoP or better. 

10.7.21 Therefore, while an H++ scenario may render the Site unviable in the long 

term, it would retain viability in the short term (0-30 years) as designed, or 

in the medium term (30-50 years) with some level of modification. 

10.8 Off Site flood risk impacts 

10.8.1 Inset 10.1 shows the impact of the Proposed Development in the 0.5% AEP 

2105 Higher Central design event. In the majority of locations, the 

difference in modelled flood level is <1mm (dark grey). There are some 

locations where higher differences are noted remote from the Site (e.g. 

around the Venator Greatham works), and these are believed to reflect 

model instability rather than the influence of the Site itself. This is more 

obvious around areas where the model results exhibit a mottled water 

surface of alternating increases and decreases in water surface. There are 

no increases in floodplain extent. 
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10.8.2 Inset 10.2 shows the impact of the Site proposals in the 0.5% AEP 2130 

Higher Central event. This is the event in which the proposals exhibited the 

most impact on the local water levels, although as can be seen, in the 

majority of locations, the difference in modelled flood level is <1mm (dark 

grey). Areas along the edges of the Main Site exhibit some low increases, 

generally <3mm (A & C). Their immediate proximity to reductions in water 

levels (D) suggest these could, again, be due to some low level instability in 

the model.  They do not indicate any increase in flood frequency to these 

areas, and the affected areas are already flooded in this magnitude of event 

in the baseline. 

10.8.3 Area B is discussed in greater detail as it exhibits an 8mm increase in water 

level. 

10.8.4 The increase impacts a pipeline corridor adjacent to the south boundary of 

the site, which sits outside the red line boundary (Inset 10.3). It is noted that 

this area is also flooded in the baseline event and are not placed at greater 

frequency of flooding by the proposals. Hazard values are increased by 2%-

6% in this location (2.19 to 2.32), but are already noted as “dangerous to 

all” in the baseline. These high hazard values are driven locally by depth of 

water rather than velocity. 

10.8.5 It can be seen from aerial photography that there is a 4mm increase in the 

vicinity of some equipment (Inset 10.3). While aerial photography from 

suggests that the 4mm increase coincides with this equipment, cross-

referencing with LiDAR DSM information shows that the assets sit on a 

raised platform with a level of 5.33mAOD, and are therefore above the local 

flood level of 5.12mAOD. The area of the 4mm increase is on the access to 

the location and some open vegetation to the north, not the platform. 

10.8.6 Neither the pipelines nor the equipment access will be detrimentally 

impacted by such a low increase in flood level. Further detail in this area 

can be seen in the “Location of interest” section of the modelling outputs in 

Annex Error! Reference source not found.. 

10.8.7 No notable increase in flood extent is predicted as a result of the Proposed 

Development in any of the modelled events. Any isolated areas of change 

are negligible and do not represent a meaningful alteration to the overall 

floodplain. 
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10.8.8 No notable increase in flood extent is predicted as a result of the Proposed 

Development. Any isolated areas of change are negligible and do not 

represent a meaningful alteration to the overall floodplain or flood 

frequencies.  

10.8.9 Overall, the modelling indicates that the Proposed Development does not 

result in any significant increase in flood risk elsewhere. The minor changes 

identified are not considered to be hydraulically significant. 

10.9 Construction 

10.9.1 The construction activities, including management of temporary site 

drainage during construction, will be managed through a Construction 

Environmental Management Plan (CEMP). A Framework CEMP (fCEMP) 

is provided at Appendix 5A of the ES Volume I (Application Document 

Ref. 6.3). A Flood Risk Activity Permit (FRAP) will be secured, which will 

include a construction-specific FRA. As such, this FRA only considers 

permanent impacts associated with the operational phase of the Proposed 

Development. 

10.9.2 It is nonetheless noted that all areas of temporary set down are located 

outside the 2030 Higher Central 0.5% AEP flood outline. Modelling may be 

required to demonstrate that temporary works conditions associated with 

piling of the quay do not adversely impact flood risk, but as modelling has 

already demonstrated high insensitivity of local flood conditions, these are 

likely to have minimal impact (< 0.01m).  

10.10 Decommissioning 

10.10.1 Decommissioning of the Development Proposals would return the Main Site 

to a brownfield condition (albeit with likely retention of below ground 

elements). Raised ground levels of 5.08mAOD would not be returned to 

their original height. The quay would remain in situ, but maintenance of the 

dredging pocket would cease. 

10.10.2 Noting the insensitivity of local flood risk to the design proposals, the 

decommissioned state of the site is expected to have similarly minimal 

impact on local flood risk. 
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11 Conclusions 

11.1 Overview 

11.1.1 This Level 3 FRA has provided an assessment of flood risk of the Proposed 

Development based on the updated concept design at the time of writing 

(June 2026) and confirmation of flood risk parameters based on existing 

hydraulic modelling outputs. 

11.1.2 The FRA has considered flooding from fluvial and tidal, surface water, 

groundwater, and artificial sources. 

11.1.3 The Main Site lies predominantly within Flood Zone 1, indicating low 

baseline risk, although certain access routes, pipeline corridors fall within 

Flood Zones 2 and 3a. The proposed quay falls with Flood Zone 3a. There 

are no mapped areas of Flood Zone 3b in the vicinity of the site. Climate 

change projections suggest that parts of the Site may experience increased 

flood risk in all assessed periods 

11.1.4 To maintain resilience within the Main Site, a tiered approach is proposed: 

general ground levels at a minimum level of 5.08mAOD, adaptable 

components at a minimum level of 5.38mAOD, and vulnerable assets up to 

a minimum level of 5.68mAOD. The quay will be constructed to a minimum 

level of 5.65mAOD.   

11.1.5 The proposed ground level is effectively the 0.5% AEP 2105 Higher Central 

flood level + 0.23mRUA. A 0.23m RUA corresponds to a 99% chance of 

non-exceedance in this scenario, above the industry standard.  

11.1.6 Adaptable and vulnerable components would have 0.27m and 0.57m 

freeboard levels above the 0.5% AEP 2105 Upper End flood level, again 

giving over a 99% chance of non-exceedance in that scenario. 

11.1.7 Wave hazard to pedestrians at the Main Site boundary to the north and 

south ends of the quay will be managed to acceptable levels over the 30 

year operational life by a low level (~0.3m) intervention (e.g. a bund or 

wall). Higher residual wave risks are noted beyond the proposed 

operational life however there are elements of conservatism in the 

assessment of hazard,. It is intended therefore to undertake more detailed 

modelling of wave at detailed design. This would inform design of the 

interventions and better understand the potential hazard beyond the 30 

year operational life. Any physical interventions required beyond the 30 

years are proposed to be undertaken on a managed adaptive basis. 
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11.1.8 Within the Wider Site, connecting pipelines make use of existing utility 

corridors, and are restricted in their alignments and levels by existing 

infrastructure in those corridors or at receiving / connecting points. In 

general, these corridors are either at low flood risk, or pipes are buried 

where they are at risk. Along the north side of the Dabholm Gut, a 

wastewater pipe would be at a 0.5% AEP risk of wetting at the end of the 30 

year operational life; by 2105, the risk of wetting would be 16% AEP. To the 

south of the Main Site, the route of an electrical connection to an existing 

supply point would be subject to minimal (<0.2% AEP) flood risk at the end 

of the 30 year operational life. Within the period of assessment, the supply 

point would be subject to a 0.5% AEP flood frequency in 2080 and a 4% 

AEP flood frequency in 2105. The electrical connection is only required to 

provide power for startup and in the event that the on-site CHP plant is not 

operational. The Proposed Development is not therefore wholly dependent 

on this connection. 

11.1.9 Any upgrades required to these utility corridors to retain a higher standard 

of protection to the utilities beyond the 30 year operational life would need 

to be addressed on a managed adaptive basis. 

11.1.10 Hydraulic modelling shows that the Proposed Development does not result 

in any material increase in flood risk elsewhere. 

11.1.11 The findings of the drainage strategy confirm that the Proposed 

Development will manage surface water runoff in a controlled manner and 

will not result in an increase in flood risk on-site or elsewhere. 

11.1.12 A FRAP will be required for the construction of the quay, which will 

effectively move the defence line to the river side of the quay. Proposals will 

where possible retain a 16m set back from the quay; where not possible, 

access will be retained for inspection, maintenance, repair or replacement. 

LGF Projects Limited will own and be authorised to maintain the quay for 

the duration of their ownership.  
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1 Introduction 

1.1 Overview 

1.1.1 This Framework Drainage Strategy has been prepared by Ove Arup and 

Partners Limited (Arup) on behalf of LGF Projects Limited (the Applicant), to 

support an application (the ‘Application’) seeking development consent for 

the construction, operation, maintenance and decommissioning of the 

Lighthouse Green Fuels (LGF) project (the Proposed Development) on land 

within the administrative boundaries of Stockton-on-Tees Borough Council 

(STBC) and Redcar and Cleveland Borough Council (RCBC). 

1.1.2 This Strategy describes the principles of how surface water on the Main 

Site during operation will be managed safely, sustainably, and in 

accordance with national and local planning policy, while supporting the 

operational and environmental requirements of the Proposed Development. 

It also discusses management of sewerage (including sanitary wastewater). 

A detailed operational surface and foul water drainage strategy will be 

developed in accordance with this Strategy and will be submitted to the 

local planning authority for approval prior to commissioning of the Proposed 

Development, as secured by the operational surface and foul water 

drainage requirement, Requirement 18 in the draft DCO (Application 

Document Ref. 3.1). This Strategy does not cover: 

• surface water drainage in the Wider Site, which will use existing natural 

or man-made drainage; or 

• construction drainage, which is dealt with through the Framework 

Construction Environmental Management Plan (fCEMP) (Appendix 

5A, ES Volume I, Application Document Ref. 6.3).    

1.1.3 The Order limits for the Proposed Development are made up of the Main 

Site and Wider Site, together ‘the Site’. The Site location and boundary are 

shown on Site Location Plan (Application Document Ref. 2.1). The Site 

is located in Teesside on land to the north and south of the River Tees with 

connection corridors crossing the Tees. 

1.1.4 The Main Site comprises the main SAF facility development area of the 

Site, lying to the south and north sides of Seal Sands Road and bounded by 

the proposed quay in the River Tees, with the River Tees to the east.  

1.1.5 The eastern boundary of the Main Site is formed by the River Tees, where 

existing jetties will be demolished and a new quay developed.  

1.1.6 The Wider Site comprises the connection corridors, including land required 

for road access, pipelines (including under the River Tees), dredging near to 
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the Main Site, and utility connections and construction laydown in both 

North Tees and (in the borough of Redcar and Cleveland) South Tees.  

1.1.7 The elements of the Proposed Development and parts of the Proposed 

Development Site are described in Chapter 4: The Proposed 

Development (ES Volume I, Application Document Ref. 6.1).   

1.2 Scope of the report 

1.2.1 This Framework Drainage Strategy defines the proposed approach for the 

collection, conveyance, and management of surface water generated 

across the Main Site. Its purpose is to ensure that all drainage is handled in 

a manner that is safe, environmentally compliant, and aligned with the 

requirements of the Environment Agency (EA), local planning authority, and 

applicable pollution prevention guidance. 

1.2.2 This Framework Drainage Strategy focusses on the proposed surface water 

management and it addresses the management of rainfall runoff from roofs, 

roads, and other impermeable areas, ensuring that surface water flows are 

safely conveyed, attenuated, and treated (if necessary) prior to discharge. It 

also addresses routine foul water drainage from domestic applications. This 

Framework Drainage Strategy applies specifically to the following: 

• Drainage of areas that could collect potentially contaminated surface 

runoff, including: washdown water, spills and leaks, fire deluge water 

and surface runoff from areas where low-level contamination is 

possible; 

• Clean Water (Stormwater) System – which manages uncontaminated 

surface water runoff through appropriate treatment and flow control prior 

to discharge to the River Tees via the outfall at the new quay, mirroring 

the current site arrangements. 

• Sewerage System – which will convey foul and sanitary wastewater 

from welfare and office facilities to sealed, onsite storage in advance of 

being tankered off-site by a permitted waste contractor to an off-site 

wastewater treatment works (WwTW).  

1.2.3 In addition to the surface water drainage network, drainage systems will 

also operate across the Main Site for handling process fluids and 

chemicals. These are segregated from the surface water systems and are 

utilised to allow recycle of materials or collection for offsite disposal. As 

these systems do not directly interact with the clean water drains they are 

not further discussed in this document.  

1.2.4 The LGF process utilises an onsite wastewater treatment plant (WwTP) to 

treat process wastewater and recycle back into the process. The WwTP 
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includes a piped industrial wastewater discharge to Northumbrian Water 

Limited’s Bran Sands WwTW for further treatment, if necessary, and then 

discharge via the proposed Long Sea Outfall (LSO) to the North Sea. More 

information on the LSO is provided in Chapter 12: Water Environment (ES 

Volume I, Application Document Ref. 6.1).  As the process water systems 

do not directly interact with the clean water drains they are not further 

discussed in this document. 
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2 Policy and guidance context 

2.1 Overview 

2.1.1 This section considers national and local planning policy and guidance 

relevant to this Frameworks Drainage Strategy.  

2.2 National planning requirements 

2.2.1 In accordance with National Policy Statement (NPS) EN-1 (Paragraph 

5.8.12) [Ref 1] and the National Planning Policy Framework [Ref 2], all new 

developments are required to incorporate appropriate measures to manage 

and control surface water runoff following completion. Drainage strategies 

must ensure that runoff rates and volumes do not increase flood risk either 

on-site or elsewhere. 

2.2.2 Relevant factors for the Secretary of State (SoS) to consider 

when determining an application for development consent are listed within 

paragraph 5.8.36 of NPS EN-1 [Ref 1]. In relation to the surface water 

drainage aspects relevant to this Framework Drainage Strategy, these 

include that:  

• the proposal is in line with any relevant national and local flood risk 

management strategy;  

• Sustainable Drainage Systems (SuDS) will be used unless there is clear 

evidence that their use would be inappropriate;  

• in areas at risk of flooding the project is designed and constructed to 

remain safe and operational during its lifetime, without increasing flood 

risk elsewhere; and 

• land that is likely to be needed for present and future flood risk 

management infrastructure has been appropriately safeguarded from 

development to the extent that development would not prevent or hinder 

its construction, operation or maintenance. 

2.2.3 NPS EN-1 [Ref 1] sets out clear expectations in relation to pollution 

prevention and control. Paragraphs 4.12.14, 5.16.2, 5.16.6 and 5.16.10 

require applicants to demonstrate that developments incorporate 

appropriate measures to prevent, reduce and where possible mitigate 

pollution impacts on the water environment. This includes the use of 

industry best practice, pollution control systems, and management plans 

during construction and operation.  

2.2.4 The Main Site is located on a brownfield site and will be designed to remain 

safe and operable throughout its lifetime, with particular attention to flood 
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resilience, pollution prevention, and climate change adaptation in line with 

EA guidance. 

2.3 Local planning requirements 

2.3.1 STBC acts as the Lead Local Flood Authority (LLFA) for the Main Site. The 

Council’s Flood Risk Management Strategy (FRMS) [Ref 3] outlines the 

approach to managing flood risk across the Borough in coordination with 

the EA and other Risk Management Authorities. 

2.3.2 The FRMS identifies that the principal sources of flood risk within Stockton-

on-Tees arise from tidal and fluvial flooding associated with the River Tees 

and its tributaries, alongside surface water flooding in urban catchments. 

2.3.3 The Tees Valley Sustainable Drainage Systems (SuDS) Guidance [Ref 4], 

authored by a working group of Tees Valley Authorities including the LLFA, 

provides detailed advice on the integration of SuDS into new developments 

across the Tees Valley, including Stockton-on-Tees, where the Proposed 

Development is located. The guidance promotes the four key SuDS design 

principles: 

• quantity – manage surface water runoff to reduce flood and erosion risk; 

• quality – improve water quality by removing pollutants prior to 

discharge; 

• amenity – deliver visual, social, and community value through well-

designed drainage features; and 

• biodiversity – enhance habitats and promote ecological connectivity 

through green infrastructure. 

2.3.4 The guidance further advises that developments should: 

• apply the SuDS Management Train approach; 

• select and design SuDS techniques appropriate to site conditions; 

• comply with local flow, volume, and pollution control requirements; and 

• refer to the provided design checklists and discharge condition 

templates throughout the design, approval, and construction stages. 

2.3.5 The Tees Valley Sustainable Drainage Systems Guidance [Ref 4] includes 

design guidance, drainage checklists and discharge of condition checklists 

which should be referred to during future design and implementation 

stages. These local standards will be used to inform the detailed design of 

the Main Site drainage system, ensuring compliance with both national 

policy and local SuDS objectives. 
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2.4 Consultation feedback 

2.4.1 A summary of key comments from the Environmental Impact Assessment 

(EIA) Scoping Opinion (November 2025) in addition to more recent 

statutory consultation feedback (January 2026) and targeted consultation 

feedback (May 2026) is presented in Table 12.2 of Chapter 12: Water 

Environment (ES Volume I, Application Document Ref. 6.1). This table 

outlines a summary of consultee comments and how they have been 

addressed in this application.    

2.5 Discharge permits 

2.5.1 The plan for the Proposed Development is to re-use as much of the water 

as possible, which will help reduce the volume required to be discharged.  

2.5.2 The process effluent discharge would be discharged offsite and regulated 

through an Environmental Permit and is therefore not relevant to this 

Framework Drainage Strategy which relates to surface water management 

only. 
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3 Proposed Development 

3.1 Location 

3.1.1 The Proposed Development is situated within Teesside, extending across 

land to the north and south of the River Tees. The Main Site is located in 

the industrial area of Seal Sands approximately 5km east of Billingham 

town centre and 4km north-east of Middlesbrough town centre, on the north 

bank of the River Tees in the borough of Stockton-on-Tees (see Figure 1.1: 

Site Location (ES Volume II, Application Document Ref. 6.2)).  

3.1.2 The Main Site is a brownfield site1 and forms part of the wider Teesside 

industrial region, which is characterised by heavy industry, energy 

infrastructure, and port-related activities. 

3.1.3 A number of surface water features are located within the 2km buffer study 

area. The principal watercourse in the area is the River Tees, which is a 

Main River2 and lies to the south and east of the Main Site and is crossed 

by the proposed industrial gas and industrial wastewater connection 

corridors within the Wider Site. Other Main Rivers in the vicinity include 

Greatham Creek, situated approximately 1km north-west of the Main Site; 

Ormesby Beck, located around 1.9km to the south; and Holme Fleet, which 

flows approximately 1km south-west of the Proposed Development through 

the Saltholme Nature Reserve. 

3.1.4 Northumbrian Water Ltd.’s (NWL) Bran Sands WwTW, is located on the 

southern side of the River Tees within the RCBC area and will receive 

process effluent from the Proposed Development. 

3.1.5 To the west of the Main Site beyond other industrial facilities lie the 

Saltholme Brine Reservoirs. The North Sea (Tees Bay) lies to the north-east 

of the Main Site. 

3.2 Topography, land use and soil type 

3.2.1 The Main Site is characterised by a relatively flat topography. LiDAR 

measurements show that the lowest parts of the Main Site are 

approximately 4.6 – 4.8 metres Above Ordnance Datum (mAOD). The rest 

of the Main Site is generally at a level of around 5mAOD. 

3.2.2 The existing land use within the Main Site is disused former industrial land. 

The majority of the Main Site lies to the south of Seal Sands Road and was 

 
1 The UK Government defines brownfield land as developed land, that is, or was previously, occupied by a permanent structure 

(Gov.uk). 

2  A ‘Main River’ is a river or watercourse that falls under the jurisdiction of the EA. Main Rivers are typically larger rivers and 
streams that are managed and maintained by the EA. This is distinct from smaller ‘Ordinary Watercourses’, which are the 
responsibility of Lead Local Flood Authorities or other bodies such as Internal Drainage Boards in areas where they operate. 
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previously occupied by a chemical manufacturing facility, operational from 

the early 1970s and most recently owned and operated by INEOS Nitriles. 

The facility has since been closed, decommissioned, demolished, and the 

Main Site cleared. The Main Site now consists largely of concrete 

hardstanding, with some areas of vegetation in the west. Along the eastern 

edge, adjacent to the River Tees, are two existing jetties, formerly used for 

loading and unloading operations associated with the previous industrial 

use. 

3.2.3 With reference to the Appendix 21A: Ground Conditions Phase 1 

Preliminary Risk Assessment Report (ES Volume III, Application 

Document Ref 6.3), the Main Site is underlain by Made Ground, 

comprising river dredgings and slag fill used for land reclamation, in 

addition to an historic landfill in the west of the Main Site. Geological maps 

indicate the Main Site is underlain by superficial tidal flat deposits, glacio-

lacustrine deposits and glacial till, with bedrock beneath the Main Site 

consisting of the Mercia Mudstone Group underlain by the Sherwood 

Sandstone Group. 

3.3 Site layout 

3.3.1 The layout of the Proposed Development is provided in Figure 1.1:  Site 

Location Plan (ES Volume II, Application Document Ref 6.2). 

3.4 Existing utilities  

3.4.1 The Main Site has been cleared to ground level with below ground 

foundations and piles remaining. Underground pipework has been 

decommissioned and removed where required. The site includes 

connections to raw water, potable water and  natural gas. Discussions are 

ongoing with the respective system operators to modify these systems to 

suit the LGF design. The eastern side of the Main Site is crossed by a 

Linkline corridor running north/south. This carries a range of above ground 

industrial pipelines. There are also some buried services on the Main Site 

including a power cable.  

3.4.2 Pre-construction utility survey and verification works will be undertaken at 

the detailed design stage to confirm the location and condition of all existing 

services. 

3.5 Existing drainage infrastructure 

3.5.1 Information regarding the existing drainage serving the area of the 

Proposed Development is currently limited.  It is understood that much of 

the existing drainage infrastructure on the Main Site has been abandoned 

and filled in. 
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3.5.2 Through observations of aerial images, it is evident that not all areas of the 

development are positively drained.  

3.5.3 Existing drainage consents for the Proposed Development show that an 

existing 42-inch diameter culvert outfall discharges to the River Tees, which 

formerly conveyed an estimated flow of up to approximately 2,000m³ per 

day. This culvert formed part of the existing wastewater service 

infrastructure associated with the previous industrial use of the Main Site. 

The discharge from the culvert was via the  existing outfall located in the 

south-east of the Main Site. This culvert and outfall will be modified as part 

of the Proposed Development.  
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4 Operational drainage network  

4.1 Overview 

4.1.1 As a complex industrial facility, the Main Site requires a coordinated 

approach to effluent and drainage management. This section provides an 

overview of the operational surface water and sanitary drainage networks 

that are anticipated to serve the Main Site. The Proposed Development 

shall rely on various drainage systems to segregate surface water, 

contaminated surface water and sewerage, with the detailed design of 

these systems to be confirmed post-consent. The principles described 

below establish the basis for their design.  

4.1.2 This Framework Drainage Strategy focuses on the Surface water (Clean 

Water) drains system, and to a lesser extent, the sewerage system. These 

systems are described in detail in the following sections (see Sections 4.2 

to 4.3).  

4.1.3 The Main Site will aim to utilise natural infiltration in areas which do not 

require sealed surfaces. The extent and suitability of this will be subject to 

Environmental surveys that will be undertaken during detailed design.  

4.2 Open surface water (clean water) drainage system 

4.2.1 A surface water drainage system is proposed to manage rainfall runoff from 

roofs, roads, process and non-process areas that have sealed surfaces.  

This system is intended to collect and convey uncontaminated surface 

water in a controlled manner prior to discharge. In areas where there is 

potential for contamination, local controls will be in place to prevent 

contaminated water from entering the surface water drainage system. 

4.2.2 Surface water will be managed and discharged to the Tees Estuary in line 

with the project’s Environmental Permit.  

4.2.3 Surface water attenuation will be incorporated to manage runoff generated 

by the Proposed Development and to support compliance with the drainage 

performance standards outlined within this Framework Drainage Strategy. 

Attenuation is anticipated to be provided in the form of retention basins. The 

final design shall demonstrate that runoff can be safely managed without 

increasing flood risk on-site or elsewhere and that appropriate measures 

are incorporated to protect water quality. This approach shall ensure that 

surface water is managed in a controlled and environmentally responsible 

manner, with appropriate safeguards in place to prevent pollution and 

comply with regulatory requirements. 

4.2.4 Surface water drainage will be developed in accordance with applicable UK 

standards such as the Building Regulations 2010 Part H [Ref 5] and the 
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non-statutory national standards for sustainable drainage systems guidance 

[Ref 9]. The detailed arrangement of the surface water drainage network 

and associated infrastructure will be developed in line with this strategy 

during detailed design post-consent in accordance with Requirement 18 of 

the draft DCO (Application Document Ref. 3.1).  

4.2.5 The implementation of infiltration SuDS across the Main Site will be 

considered within the Main Site design and the use of infiltration will be 

used where practicable. The feasibility of these measures will be assessed 

on a case-by-case basis, supported by site investigation data and in 

consultation with STBC as LLFA and the EA.  

4.2.6 In areas where there is potential for contamination to enter into the surface 

water system there will be local measures to prevent entry. The measures 

will range from inline systems like oil–water separators (OWS) and silt traps 

through to secondary containment systems requiring operator intervention 

before release to surface water systems. These are discussed in more 

detail in Section 5.  

4.3 Domestic and sanitary wastewater system (sewage/sanitary sewer) 

4.3.1 Discussions with NWL have confirmed that there are no gravity foul sewers 

in the Seal Sands area that could accommodate LGF sewerage, thus it is 

not practicable to connect into a main sewer. This is as per the other 

facilities in the area.it is therefore anticipated that sanitary and domestic 

wastewater generated from toilets, showers, welfare facilities, and other 

occupied buildings shall be collected via a dedicated, non-mains foul sewer 

system for transport off-site by tanker for offsite treatmentShould a package 

treatment plant be adopted as an alternative, any discharge of treated 

effluent to ground or surface waters shall be required to comply with the 

EA’s General Binding Rules [Ref 14] .  

4.3.2 Sewerage handling systems shall be sited and constructed to avoid 

adverse effects on water sources and resources and be designed in 

accordance with the Building Regulations 2010 Approved Document H.  

4.3.3 System sizing will be established during detailed design based on 

appropriate design inputs, including anticipated occupancy numbers and 

foul loading rates. This will be undertaken in accordance with relevant 

guidance for non-mains drainage and wastewater treatment systems, 

including appropriate British Water guidance where applicable. 
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5 Operational drainage strategy  

5.1 Overview 

5.1.1 This section provides an overview of the design requirements that will be 

adopted as part of the final detailed drainage design. The drainage design 

will be prepared by the appointed contractor and will be in accordance with 

this Framework Drainage Strategy.  

5.1.2 The applicant will seek to utilise natural infiltration where practicable. There 

are limited opportunities to utilise other SuDS infiltration systems on site. As 

such a storage and attenuation approach will be utilised. As the detailed 

design progresses and further ground investigation data becomes available, 

the applicant will seek to optimise the level of infiltration used and integrate 

SuDS features if practicable.   

5.2 Discharge hierarchy 

5.2.1 The prioritisation of surface water discharge follows a specific hierarchy, as 

set out in Building Regulations 2010 Part H [Ref 5] and is reinforced 

through national and local SuDS policies (including Tees Valley SuDS 

guidance [Ref 6].   

5.2.2 The National Standards for SuDS Guidance [Ref 9] also sets out an 

updated list of priority runoff destinations in Standard 1, which now includes 

collection for non-potable uses. Therefore, the recommended hierarchy for 

surface water discharge is as follows:   

• collection for non-potable use; 

• discharge into the ground (infiltration); 

• discharge to surface water body (including coastal waters); 

• discharge to surface water sewer, highway drain, or other drain; and 

• discharge to a combined sewer. 

5.2.3 The collection of surface water for non-potable uses should be prioritised 

where practicable. For the Proposed Development, rainwater reuse from 

building roof areas on the Main Site could be considered, supporting non-

potable water demand and reducing reliance on potable supplies. Suitable 

sources include uncontaminated rainwater collected from clean roof 

surfaces, which can be safely harvested, stored, and reused.  

5.2.4 Local Standard 1 of the Tees Valley SuDS guidance [Ref 6] states that the 

Tees Valley area is predominantly underlain with clay and silt soils therefore 

infiltration may not be considered a suitable option for the disposal of 

surface water. Infiltration-based SuDS such as soakaways or infiltration 
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basins are being considered but may be unsuitable, particularly to avoid the 

mobilisation of contaminants to groundwater.  

5.2.5 As the Main Site is adjacent to the River Tees, discharge of surface water to 

the river would be the next preferred discharge location. The discharge of 

surface water is proposed to be via modification of the existing outfall 

located in the south-east of the Main Site to the south of the new quay.  

5.2.6 Works to the existing surface water outfall are proposed to be consented as 

part of the DCO process and, subject to approval, will be subject to detailed 

assessment and formal agreement with the EA and with STBC as the LLFA.  

5.3 Runoff control  

5.3.1 According to the National Standards for SuDS guidance, in England [Ref 9], 

drainage designs should aim to retain the initial 5mm of everyday rainfall 

on-site (known as interception) for 80% of summer events and 50% of 

winter events. Interception mimics the natural drainage process, where 

water is managed as close to the source as possible either through 

infiltration, evapotranspiration, and/or absorption.  

5.3.2 On the Main Site, where natural infiltration is not practicable, interception 

will be delivered through mechanisms such as storage, and retention within 

engineered systems. 

5.4 Discharge rate  

5.4.1 Clean surface water runoff from the retention ponds is proposed to be 

directed to a relocated outfall located at the southern end of the new quay, 

in the south-east corner of the Main Site.  

5.4.2 In accordance with LLFA guidance, where a drainage system discharges to 

a surface water body capable of accommodating uncontrolled flows – such 

as the sea or a large estuary – without increasing flood risk, peak flow and 

volume control standards need not apply. Subject to confirmation of 

discharge to the River Tees estuary and agreement with the LLFA and the 

EA, the use of a fixed discharge rate may therefore not be required. 

5.5 Design criteria  

5.5.1 All surface water drainage will be designed to ensure compliance with LLFA 

design guidance [Ref 4] and relevant standards, including the Building 

Regulations 2010 Part H, and in accordance with recommended good 

practice as set out in the Sewerage Sector Guidance – Design and 

Construction Guidance (Appendix C) [Ref 8]. 

5.5.2 The detailed surface water drainage design will ensure that flooding from 

the drainage system does not occur on any part of the Main Site during the 

1 in 30-year return period event. Flooding during the 1 in 100-year event 
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attenuation for events up to and including the 1 in 100-year rainfall event, 

including an appropriate allowance for climate change (as set out in Section 

5.5.1). This will ensure flooding during this event is managed within the 

Proposed Development boundary (in accordance with design parameters 

set out in Section 5.5).  

5.6.2 The critical storm event will be confirmed via detailed hydraulic modelling to 

confirm the maximum required storage volume. This approach will ensure 

compliance with LLFA design guidance [Ref 4], which requires attenuation 

to be sized for the most onerous 1 in 100-year plus climate change 

scenario. 

5.6.3 The final drainage design will also account for potential future development 

within the Main Site and any additional storage requirements (e.g. firewater 

containment or process-related discharges), ensuring that the system 

maintains its performance under all anticipated operational conditions. 

Requirements for water quality and pollution control, including the 

management and treatment of runoff from operational areas, are defined in 

Section 5.7 and will be incorporated into the drainage design. 

5.6.4 The final pond sizing(s) will be confirmed at detailed design based on 

confirmed contributing catchment areas, operational requirements, and 

discharge rate(s) in accordance with the overall design and performance 

standards outlined in this Framework Drainage Strategy. 

5.7 Water quality and pollution control 

5.7.1 Although runoff from roads, car parks, and other hard standing areas is 

generally considered to be relatively ‘clean’ compared with process 

aqueous effluents, it can nevertheless contain pollutants typically 

associated with highway runoff, including suspended solids, hydrocarbons, 

oils, metals, and de-icing salts.  

5.7.2 On a site of this nature, where vehicle movements include chemical 

deliveries, fuel handling, and heavy goods transport, the risk of 

contamination is amplified. These potential pollutants must therefore be 

addressed through appropriate treatment and containment measures within 

the surface water drainage design, ensuring that runoff is adequately 

managed before discharge to the environment.  

5.7.3 Treatment of runoff from trafficked areas may incorporate engineered 

measures such OWS, forebays, and silt traps, which are effective at 

removing hydrocarbons and suspended solids before discharge.  

5.7.4 The drainage system will be designed to ensure that discharges to the 

River Tees meet the required environmental permitting requirements.  
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5.7.5 Containment classifications across the Main Site will be determined using a 

risk-based approach as outlined within CIRIA C736F (Containment systems 

for the prevention of pollution) [Ref 13]. In the detailed drainage design, 

operational areas will be assessed using the ‘source–pathway–receptor’ 

model and assigned a containment class: Class 1 (low risk), Class 2 

(moderate risk), or Class 3 (high risk) based on the potential consequences 

and likelihood of a loss of containment. This classification will guide the 

design of secondary and tertiary containment systems, with higher-risk 

areas requiring enhanced containment measures.  

5.7.6 A tiered containment strategy will be implemented across the Main Site as 

follows:  

• primary containment is provided within the pipework, tanks, and vessels 

associated with closed drain systems. These systems are fully 

segregated from the surface water network and managed via dedicated 

treatment and off-site disposal arrangements;  

• secondary local containment will be provided through bunds, 

containment kerbs, and other physical barriers surrounding equipment 

and chemical or oil handling areas. These features are designed to 

capture leaks or spills at source and prevent migration to the wider 

surface water drainage network; and  

• secondary remote containment will be provided by the retention ponds, 

which also provides attenuation for surface water runoff from roofs, 

roads, and hard standing areas. 

5.7.7 Water collected within local containment areas is to be managed according 

to contamination risk. Where sampling is required and demonstrates it is 

uncontaminated, water may be discharged to the surface water drains. 

Where contamination is present, it will be assessed and directed to 

appropriate treatment, containment or disposal arrangements. The drainage 

system will be designed to prevent uncontrolled releases to the 

environment. 

5.7.8 In accordance with CIRIA C736 [Ref 13] and environmental permitting 

requirements, all secondary containment systems will be sized at detailed 

design to accommodate the worst-case credible event, which is either 110% 

of the full volume of the largest tank or vessel or 25% of the aggregate 

volume for multiple tanks, whichever is greater. An additional allowance for 

firefighting and cooling water will be considered where appropriate.  

5.7.9 Guidance on freeboard allowances is also provided in CIRIA C736 for 

concrete bunds as follows. A minimum freeboard of 250mm is required to 

accommodate both dynamic surge effects and firefighting foam. 
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5.7.10 Only water confirmed as uncontaminated and safe for release would be 

discharged in a controlled manner. This approach ensures that 

environmental protection is maintained under both normal and emergency 

conditions. To support this approach, the detailed drainage design will 

incorporate isolation measures, including pollution control valves or 

equivalent devices, at key discharge locations (e.g. pond outfalls). These 

measures will enable the drainage system to be isolated in the event of 

contamination, ensuring that potentially polluting water is retained and not 

released to the receiving environment. Pollution management associated 

with the open drainage system is described further in Section 5.9.  

5.7.11 Monitoring of discharge quality will be incorporated, in line with 

environmental permitting requirements.  

5.7.12 Spill response protocols and designated containment measures will also be 

in place to manage accidental releases in accordance with the 

Environmental Management System implemented under the Environmental 

Permit. 

5.8 Sustainable drainage systems 

Sustainable Drainage System standards 

5.8.1 The national standards for sustainable drainage systems [Ref 9], LLFA 

SuDS guidance [Ref 4], and the CIRIA SuDS Manual [Ref 10] provide 

technical advice and guidance for the planning, design, construction, 

management and maintenance of SuDS. 

5.8.2 Where the risk of pollution is high, a combined approach involving a mixture 

of traditional treatment and SuDS methods will be adopted. Proprietary 

treatment devices will be used at key high-risk locations, with SuDS 

features providing treatment for lower-risk areas and storage as part of a 

treatment train. In all cases, SuDS features are likely to be lined or sealed 

to prevent infiltration to ground, given the underlying conditions and 

pollution risks. 

5.8.3 In selecting and locating SuDS features, consideration will be given to the 

nature of the runoff, with higher-pollution areas such as operational zones 

with chemical handling and storage, requiring additional treatment or 

resilience measures, while lower-risk areas such as roofs and general hard 

standing may require fewer intensive controls. 

5.8.4 While the proposed retention ponds provide essential attenuation and 

emergency storage, they are not designed to deliver primary water quality 

treatment. To protect their function and prevent sediment accumulation, 

upstream treatment measures including proprietary separators and SuDS 

systems, will be implemented as appropriate. These features will be 
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designed to remove hydrocarbons, suspended solids, and other pollutants 

from ‘normal’ runoff before it enters the ponds.  

5.8.5 At detailed design, all SuDS features will be sized with sufficient capacity to 

contribute to the overall surface water management strategy for the 

required standard of service (outlined in 5.5.2). While the overall drainage 

system must accommodate the full 1 in 100-year design event plus climate 

change on-site, individual SuDS features may provide partial storage, with 

their combined contribution ensuring that runoff rates and volumes are 

appropriately controlled. 

SuDS Integration  

5.8.6 The following represents an outline assessment of potential SuDS 

opportunities across the Main Site, intended to guide future design 

development. Applying the SuDS ‘management train’ concept allows the 

Main Site to be divided into sub-catchments with distinct drainage 

characteristics and land uses. This distributed approach reduces the 

volume of runoff requiring management at any single point, decreases 

reliance on off-site conveyance, and enhances system resilience while 

supporting environmental and regulatory objectives.  

5.8.7 A range of SuDS measures may be appropriate across the Main Site, 

depending on a future detailed risk assessment of ground conditions and 

operational constraints, including the proposed levels strategy. In low-risk 

areas, opportunities may include rainwater harvesting to reduce potable 

water demand. The drainage strategy for medium-risk areas such as 

access roads could incorporate filter drains . 

5.8.8 In high-risk or operational areas where runoff may contain elevated 

pollutant loads or process-related contaminants, enhanced treatment will be 

required. In some instances, bioretention systems may be feasible, 

otherwise proprietary treatment devices such as oil-water separators may 

be required before discharge to the downstream retention ponds. 

5.8.9 Due to ground conditions and the Main Site’s industrial history, infiltration 

techniques may not be viable, and in such cases, all SuDS features would 

be lined and designed for containment. .  Where contamination is low risk 

and where ground conditions allow, infiltration measures may be applied. 

5.8.10 The above measures are indicative only and will be confirmed and refined 

through subsequent detailed design, informed by site-specific data, 

hydraulic modelling, and consultation with the LLFA. 
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5.9 Drainage maintenance  

5.9.1 Maintenance measures will be outlined in the detailed Operational Surface 

and Foul Water Drainage Strategy submitted for approval post-

DCO consent in accordance with Requirement 18 of the draft DCO 

(Application Document Ref. 3.1). This will cover surface water drainage 

features, including any SuDS elements, that 

are ultimately proposed alongside the recommended inspection and 

maintenance requirements and responsibilities.   

5.9.2 The maintenance of drainage features will be largely in accordance with the 

requirements of the CIRIA SuDS Manual [Ref 10] and environmental 

permitting requirements. Below and above-ground drainage features will be 

inspected at regular intervals to ensure they operate as intended and to 

check for blockages and damage which could adversely affect flood 

risk downstream. Below ground drainage features (i.e. pipes and manholes) 

will be designed to achieve self-cleansing velocities.   

5.9.3 Headwalls and other interfaces between below-ground and above-ground 

drainage shall be routinely inspected to ensure they remain free-flowing and 

do not become blocked. Where screens are installed, these shall also be 

regularly inspected and cleared of any accumulated material.   
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6 Conclusion  

6.1.1 This Framework Drainage Strategy for the Main Site of the Proposed 

Development has been developed to outline the approach to managing 

operational surface water, considering the industrial context and 

environmental sensitivities. The strategy identifies how surface water will be 

managed safely, sustainably, and in accordance with national and local 

policy requirements, ensuring that runoff is controlled and that flood risk is 

not increased elsewhere. A detailed operational surface and foul water 

drainage strategy will be developed in accordance with this Framework 

Drainage Strategy and submitted to the local planning authority for approval 

prior to commissioning of the Proposed Development in accordance with 

the operational requirement in the draft DCO (Application Document Ref. 

3.1). This Strategy does not cover construction drainage, which is dealt with 

through the fCEMP at Appendix 5A of the ES (ES Volume I, Application 

Document Ref. 6.3).  

6.1.2 The final drainage design will be submitted for approval post-consent in 

accordance with Requirement 18 of the draft DCO (Application 

Document Ref 3.1). This design will be developed in accordance with the 

drainage principles, design parameters, and commitments set out within 

this strategy.  

6.1.3 Infiltration devices such as soakaways or infiltration basins may not be 

considered suitable, due to possible mobilisation of potential contaminants 

in underlying groundwaters due to the Main Site’s historical industrial use 

and the presence of Made Ground. This aligns with STBC’s (as the LLFA) 

SuDS guidance, which highlights that  infiltration may not be a suitable 

option for the disposal of surface water at all locations in the area.  

6.1.4 Clean surface water runoff is proposed to be directed either to infiltration 

where ground conditions permit, or to a replacement of the existing outfall 

to the Tees Estuary located in the south-east corner of the Main Site. The 

outfall will be designed to ensure it is suitable for the proposed discharge, 

including assessment of potential submergence or backwater effects. 

6.1.5 As the final discharge location is the River Tees, the LLFA guidance will be 

followed when determining the appropriate discharge rate. This notes that 

peak flow and volume control standards need not apply to discharges to 

surface water bodies capable of accommodating uncontrolled flows (such 

as the sea or a large estuary) without increasing flood risk. As the discharge 

location will be the Tees Estuary, a limitation on flow rates may therefore be 

relaxed subject to agreement with relevant stakeholders.  
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6.1.6 Attenuation of surface water is proposed via new retention ponds located 

on the Main Site. These ponds will be sized to accommodate runoff from 

the full contributing catchment area(s), based on detailed site hydrology and 

drainage connectivity at detailed design. Final sizing will consider climate 

change allowances, future development, and additional storage needs such 

as firewater or process discharges. Storm durations will be tested to identify 

the critical event to ensure compliance with LLFA guidance and operational 

resilience. 

6.1.7 Appropriate containment volumes will be agreed with relevant stakeholders 

during detailed design. In the event of an incident, retained water will be 

tested and disposed of off-site by a licensed waste contractor if 

contamination is found to be present.  

6.1.8 Given the industrial nature of the Proposed Development and the presence 

of chemical and process systems, robust pollution control measures will be 

implemented such as operational controls, emergency drainage isolation 

devices, and regular monitoring. These measures are critical to prevent 

cross-contamination and ensure compliance with environmental 

regulations. The measures will be secured through the environmental 

permit and COMAH licensing requirements  

6.1.9 With reference to Section 11.2 of the LLFA’s SuDS design guidance [Ref 4], 

runoff will be managed close to the source and SuDS features will be kept 

as close to the surface as possible. All surface water features, including 

SuDS, will be lined or sealed to prevent contamination. The retention ponds 

do not provide primary water quality treatment, and upstream measures will 

be prioritised to protect the storage function and reduce sediment build-up 

in the ponds. 

6.1.10 At detailed design, a detailed risk assessment will be carried out to confirm 

potential pollutant pathways, containment requirements, and emergency 

storage volumes. This will include a review of pollution detection and 

isolation systems, bunding capacity, and any operational response plans. 

Such measures will demonstrate that pollution hazards are reduced to 

acceptable levels in line with CIRIA C753 (The SuDS Manual) Chapter 26,  

[Ref 10] and EA requirements. 

6.1.11 Final discharge arrangements, attenuation volumes, and SuDS 

configurations will be confirmed at detailed design and be based on 

hydraulic modelling and consultation with the LLFA, EA, and other relevant 

stakeholders. 
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Executive Summary 

1.1.1 Flood risk to the Proposed Development Site (the Site) has been modelled 

using a Flood Modeller Pro - TUFLOW numerical model based on the 2020 

update to the Tidal Tees model.  

1.1.2 Bathymetry, site topography, LiDAR and tidal boundaries have been 

updated in the model to use more recent data. 

1.1.3 The water levels at the site are highly insensitive to most model parameters 

other than the tidal boundary. 

1.1.4 Breach analyses from the baseline model show that the site is at a high 

level compared to breach flood levels and would not be at direct risk. 

Transport links that the site depends on may be flooded, however. 

1.1.5 Baseline water levels have been used to identify suitable site design levels, 

guided by a Residual Uncertainty Assessment. 

1.1.6 Site proposals, comprising increased ground levels for the Site, creation of 

a new quay and dredging of a berth pocket, have been represented in the 

model and remodelled. These do not lead to significant changes in flood 

risk; main-channel water levels change by <1mm. 

1.1.7 A residual risk is noted due to wave hazard, and this will require wave 

protection works to the north and south end of the quays to control hazards 

to acceptable levels within the 30-year operational life of the Proposed 

Development. It is proposed that for wave hazards that emerge beyond the 

30-year operational life that these are dealt with on a managed adaptive 

basis. 
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2 Introduction 

2.1 Overview 

2.1.1 This Hydraulic modelling report (Annex D of the Flood Risk Assessment, 

Application Document Ref 5.7) has been prepared by Ove Arup and 

Partners Ltd (hereafter referred to as ‘Arup’)  on behalf of LGF Projects 

Limited (the Applicant), to support an application (the Application) seeking 

development consent for the construction, operation, maintenance and 

decommissioning of the Lighthouse Green Fuels project (the Proposed 

Development) on land (the Site) within the administrative boundaries of 

Stockton-on-Tees Borough Council (STBC) and Redcar and Cleveland 

Borough Council (RCBC).   

2.1.2 This document is a Hydraulic Model Report to be read in conjunction with 

the hydraulic model for that work. The model has been used to inform flood 

risk to the site in support of a Flood Risk Assessment. 
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equipment to a minimum of the RUA value above the 0.5% AEP 2105 

Upper End (95%ile) flood level.  

3.1.4 Given the context of high tidal water levels with an extremely flat sea level 

locally, it is expected that local flood levels will be largely insensitive to the 

proposals. 

3.1.5 The design life of the SAF production plant is 25 years, but the operational 

life may be longer (e.g. 30 years). It is recognised that the Environment 

Agency will require assessment on the basis of a 75-year life. It is also 

recognised that if the proposals include ground raising and quay building, it 

cannot be guaranteed that such works would be subsequently removed at 

the end of the development’s life. The assessment therefore also considers 

the full 100 years to check for any impacts on flood levels.   
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4 Modelling approach 

4.1.1 The proposed approach was consulted with the Environment Agency, and is 

reproduced as Attachment B of this report, together with the minutes of our 

consultation meeting. As a high-level summary: 

4.1.2 The 2020 Greatham and Port Clarence model update to the Tidal Tees 

model is the latest model in the area (albeit that the reporting is specifically 

focussed on those updates). This model has been used for this study and is 

hereafter referred to as “the received model”. 

4.1.3 The model is built in FMP-TUFLOW, but is mostly TUFLOW, with some 

Estry components that are of little relevance to the site. Following review of 

the received model, we have: 

• generated skew surge tidal boundaries to match key dates appropriate 

to our study; 

• undertaken sensitivity analysis on QMED;  

• imported latest LiDAR (assuming the LiDAR and its filtering are of 

adequate quality); 

• imported the latest survey of the site, so that our representation of site 

interventions is consistent with the rest of the design team; and  

• imported the available latest bathymetry of the River Tees. 

4.1.4 The model updates are not expected to significantly impact the model’s 

performance, and because of this it is not proposed to recalibrate the 

model, or to repeat sensitivity tests undertaken in the 2020 study. Indeed, 

the 2020 model report notes that no formal calibration was possible with the 

data available. The dominant influence on flood levels is expected to be the 

tidal boundary and relative sensitivity to assumed water levels will be 

apparent from comparison of the range of events to be run (Attachment A0).   

4.1.5 We note that extreme events in the model have a modification for stability – 

omission of a 1D structure. As we are dealing with extreme events 

throughout this study, and the structure in question is remote from the site 

of interest, we intend to work with this stabilised version of the model for all 

scenarios that we run.  

4.1.6 We will undertake baseline model runs for comparison with previous model 

outputs so that we can say how much these updates might have changed 

results compared to the received model.   
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4.1.7 The baseline model runs will form the baseline for demonstrating the impact 

of the proposals, as well as providing initial water levels as the basis for 

design.  

Design update   

4.1.8 The design proposals have subsequently been incorporated into the model 

by modification of the topographic and bathymetric surfaces of the model in 

the 2D domain. The proposals do not introduce new bridges, and no 

structures required modification.   

4.1.9 The grid size has not been changed to represent the works. The current 

grid size is 10m and the quay works’ smallest dimension is 20m; 

furthermore, at its narrowest, the river channel is 340m wide. As above, 

flood levels are expected to be insensitive because of the high tidal 

boundary; a more detailed grid size will not change this main driver of flood 

levels.  

Scheme resilience   

4.1.10 Breach - We will test two breach analyses in the hydraulic model and are 

expecting to test these against the 1st and final design iterations. The 

proposed breach locations are at Greatham Creek and Port Clarence. The 

breaches will be tested against two events. The breaches will be modelled 

in accordance with LIT56413 Breach of Defences Guidance.  

4.1.11 A Residual Uncertainty Assessment (RUA) freeboard analysis will be used 

to inform design floor and ground levels in accordance with “SC120014 

Accounting for Residual uncertainty: updating the freeboard guide”.  

4.1.12 H++ - While the H++ scenario is noted for sensitivity assessment in the FRA 

scope, it is not considered necessary to model this scenario. Instead, it is 

proposed to use the H++ tidal boundary water level (assumed to be the 

H++ 2100 level) to infer depths of flooding across the site. The basis for this 

approach is:  

• the H++ water levels will be high enough that hydraulic routing effects 

are unlikely to greatly reduce depths of flooding; 

• only a very small proportion of the site is above the H++ flood level; and 

• the H++ scenario is theoretical enough that precise modelling is 

unnecessary – it is an extreme scenario for exploring design sensitivity 

& robustness.  

4.2 Model software 

• In-channel model: Flood Modeller version [7.0.0.9977 single precision 

64-bit]; 
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• Floodplain model: TUFLOW / ESTRY version [2025.1.2-iSP-w64]; and 

• Precision: [single precision – unchanged from the received model]. 

4.3 Modelled scenarios 

4.3.1 The following scenarios have been modelled: 

• baseline; 

• baseline (breach-1); 

• baseline (breach-2); and 

• design. 

4.4 Model file names 

4.4.1 A complete list of model file names is included as Attachment A to this 

report. 

4.5 Simulated events 

4.5.1 The following events have been simulated (Table 4.1). 

  





 FRA Annex D: Hydraulic Modelling Report  
Rev 00  

 
Page 10                  PINS Reference EN0110025 

   

• the residual freeboard to the site from the most severe breach scenario 

identified in the 2100 Upper End scenario is 1.25m; and  

• the difference in tidal level between the 2100 Higher Central and 2100 

Upper End scenarios is 0.25m, but the difference in the flood levels at 

the site in the breach scenario run was only 0.12m. The 2105 scenario 

sea level is only 0.06m higher than 2100, so the expected increase in 

flood levels at the site is not expected to rise > 1.25m. 

4.5.3 It was therefore considered that the modelled breach scenarios gave 

adequate understanding of the residual risk from this mechanism. 
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5 Updated baseline model build 

5.1 Initial model 

5.1.1 The initial model used is the “stability” variant of the ‘received model’ i.e. the 

2020 Greatham and Port Clarence model update to the Tidal Tees model, 

consisting of: 

• RTees_DDD_005_Txxxx_YYYY_038_stability_TUFLOW.ief; and 

• RTees_010_Txxxx_YYYY_038_stability.tcf and RTees_021_stability.ecf  

5.1.2 Modifications have been made to this model as described below to produce 

the updated baseline model. 

5.2 Survey used 

5.2.1 The bathymetry of the model has been updated using the latest LiDAR but 

only for the areas generally above -1.4 mOD. Additionally, bathymetry 

survey files (named C1.xyz to C13.xyz) from PD Ports (Teesport), surveyed 

2025, have been used to update the bathymetry of the River Tees channel 

and the turning area adjacent to the Main Site. 

5.2.2 LiDAR used in the model was updated using the Composite DTM, 

https://environment.data.gov.uk/survey, year 2022, downloaded on 20 Apr 

2026. This dataset does not form a part of this submission. The LiDAR is at 

2m resolution.  

5.2.3 The two datasets, i.e. the bathymetry extents and the LiDAR data did not 

overlap, leaving a gap between the two datasets. The baseline topography 

from the received model was used to bridge the gap between these two 

datasets, such that the bathymetry survey was used where available, and 

the LiDAR was used for elevations above -1.4 mOD; the areas between 

were based on the baseline topography from the received model. 

5.3 Grid definition 

5.3.1 The orientation and angle of the received model was considered 

appropriate for use. The bottom left corner of the grid sits at 451191.9, 

513434.0, near Rose Wood Primary School. At bearing of 38.17°E the y-

axis follows the general direction of the River Tees downstream of 

Middlesborough (Inset 5.1). 

5.3.2 The grid is 10.7 km x 15.6 km and uses a 10m cell size. The grid size of the 

received model is 10m and the quay works’ smallest dimension is 20m; 

furthermore, at its narrowest, the river channel is 340m wide. As mentioned 

in the modelling approach, flood levels are expected to be insensitive 
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6.5.4 Breach analyses were carried out early in the analysis on the baseline 

scenario, and at the time were carried out using the 2100 climate change 

scenario, not 2105. This has not been re-run, for the following reasons: 

6.5.5 The residual freeboard to the site from the most severe breach scenario 

identified in the 2100 Upper End scenario is 1.25m.  

6.5.6 The difference in tidal level between the 2100 Higher Central and 2100 

Upper End scenarios is 0.25m, but the difference in the flood levels at the 

site in the breach scenario run was only 0.12. The 2105 scenario sea level 

is only 0.06m higher than 2100, so the expected increase in flood levels at 

the site is expected to be comfortably less than 1.25m. 

6.5.7 It was therefore considered that the modelled breach scenarios gave 

adequate understanding of the residual risk from this mechanism. 
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7 Development model build 

7.1 Initial model 

7.1.1 The initial model used is the Updated baseline model described in Section 

5.  

7.2 Scenario description 

7.2.1 Modifications have been made to the initial model to configure a 

‘Development model’. This scenario represents the proposed development 

components in the model, these being:  

• proposed removal of the existing jetties and creation of a new quay, and 

associated dredging of a berth ‘pocket’; 

• proposed raising of the ground levels; and  

• proposed built development components, such as buildings and bunds. 

7.2.2 The model updates do not require any changes to the 1D model. As such 

only the TUFLOW model has been updated.  

7.3 Details of model updates 

DTM/bathymetry: 

7.3.1 The proposed removal of the existing jetties and creation of a new quay, 

and associated dredging of a berth ‘pocket’ have been achieved by 

updating the terrain made available by the relevant design team for these 

components. The river side edge of the quay has a level of 5.65mOD in the 

design, falling to 5.08mAOD at its landward edge due to a cross-fall for 

drainage.  In the model, the level of 5.65mAOD has been applied for the full 

width of the quay. 

7.3.2 An explicit spatial drawing of the proposals has not been received; however, 

the general works area of the site, and some concept drawings have been 

received together with the maximum areas associated with individual 

components. Using this information, a speculative layout of site 

components has been drawn up (Inset 7.1). The proposed main site level 

from PEIR (5.08mAOD) has been retained, and components of the site 

have been raised relative to this level (see Table 7.1).  

7.3.3 The resulting ground surface for the site is considered to represent a 

“Rochdale envelope” of the possible displacement of flood water from the 

site.  

7.3.4 Note: the PEIR distinguished between less vulnerable and more vulnerable 

site features, suggesting levels of 5.38mAOD and 5.68mAOD. This 
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Inset 7.2  Impact of proposals on modelled water levels in the 0.5% AEP 2130 
Higher Central event  

Base map and data from OpenStreetMap and OpenStreetMap Foundation (CC-BY-SA).                                        

© https://www.openstreetmap.org and contributors 

7.3.8 Area B is assessed in greater detail as it exhibits an 8mm increase in water 

level.  

7.3.9 The increase impacts the pipeline corridor, which sits outside the red line 

boundary (Inset 7.3). It is noted that this area is also flooded in the baseline 

event and are not placed at greater frequency of flooding by the proposals. 

The pipelines will not be detrimentally impacted by such a low increase in 

flood level. Hazard values are increased by 2%-6% in this location (2.19 to 

2.32), but are already noted as “dangerous to all” in the baseline. These 

high hazard values are driven locally by depth of water rather than velocity. 

7.3.10 It can be seen from aerial photography that there is a 4mm increase in the 

vicinity of some equipment (Inset 7.3). While aerial photography from 

suggests that the 4mm increase coincides with this equipment, cross-

referencing with LiDAR DSM information shows that the assets sit on a 

raised platform with a level of 5.33mAOD, and are therefore above the local 

flood level of 5.12mAOD. The area of the 4mm increase is on the access to 

the location and some open vegetation to the north, not the platform.  

A 

C B D 
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Inset 7.3  Water level increases at Location E (0.5% AEP 2130 Higher Central event) 

7.4 Residual Uncertainty Analysis 

7.4.1 The ground level of the main site is intended to be raised to a minimum 

5.08mAOD, which was identified at PEIR as being broadly reflective of the 

general ground level of the site. A Residual Uncertainty Analysis (RUA) 

calculation has been undertaken to identify the level of confidence that this 

ground level provides (Attachment C) 

7.4.2 The analysis identifies that stillwater flood levels at the site are only subject 

to uncertainty from the tidal boundary. 5.08mAOD corresponds to 0.23m 

uplift on top of the 0.5%AEP 2105 Higher Central flood level of 4.85mAOD. 

A 0.23m uplift corresponds to the 97.5% confidence interval, a non-

exceedance probability of 99%. This a high level of confidence, in excess of 

industry standards. 

7.4.3 Waves are not explicitly represented in the model, but the associated flows 

onto the site have been calculated using EurOtop (2018), and have been 

considered in terms of potential hazard to site users.  

7.4.4 Within the Applicant’s proposed Design Life (the 2060 Higher Central 

allowance), the risks to pedestrians are generally acceptable for trained 

staff. Some wave protection is necessary at ground levels either side of the 

quays to further reduce the hazard, and sufficient space exists within the 
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site to implement such protection, which would need to be >0.30m high. 

Overtopping is limited to a low enough flow that the only concern would be 

safety to vehicles driving at a moderate to high speed. This would not be 

expected behaviour in the context of an industrial site. Buildings and 

equipment would not be at risk.  

7.4.5 Within the Environment Agency’s required assessment period (to 2105), the 

risks to pedestrians on the site edge may be significant, as may the risks to 

vehicles. Provided buildings are not set at the very edge of the site, their 

exposure to structural damage should be low. Equipment should be set 

back at least 10m and may require additional raising or wave protection. 

7.4.6 Where assets are not immediately sited on the edge of the Main Site, they 

will benefit further from reduction of the waves caused by the low depths of 

flooding. Even allowing 0.23m for uncertainty on top of the 0.5% AEP 2130 

Higher Central exceedance event, flood depths over the minimum ground 

level of 5.08mAOD would be a maximum of 0.28m. This would limit 

significant wave heights to 0.15m high, which would pose no risk to 

buildings raised to the More Vulnerable threshold level. 

7.4.7 Ultimately, these residual risks are controllable. Risks to pedestrians and 

vehicles can be controlled through response procedures and restricting 

access during flood events. The actual exposure can be minimised by 

setting back development from the site edge, and / or incorporation of low 

bunding at the edge of site or beside development. Modelling has 

demonstrated that raising the ground levels of the site has negligible impact 

on flood risk to adjacent sites, and this gives the freedom to undertake such 

measures without concerns for flood displacement. 

7.4.8 There is some uncertainty in the understanding of this hazard. The papers 

used relate the hazard to an average overtopping flow, but the analyses are 

based on coastal waves. Coastal waves have a highly randomised 

behaviour that mean the highest waves within a given wave state may 

produce far higher overtopping flows than the average waves, and it is 

these waves which will define a lot of the hazard. In the more sheltered 

context of the site, this effect will not be so marked, and hence the hazard 

will be significantly lower than suggested by the papers. 

7.4.9 It is recommended that more detailed wave modelling is carried out as 

detailed design progresses to support design of mitigation measures for 

wave hazard, particularly around the north and south ends of the quays, 

and more detailed identification of the hazard.  

7.4.10 Given the uncertainty associated with understanding of the wave hazard 

(and likely conservatism in the current approach), where the detailed wave 
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modelling does not indicate a wave hazard to be managed within the 30 

year worst case operational life of the proposed development, it is 

recommended that the residual risk associated with waves is managed 

using a managed adaptive approach, i.e. if a physical intervention is 

confirmed as being required later in the proposals’ operational life, it can be 

implemented or investigated further then. 

7.4.11 Such an approach recognises that the results of the modelling indicate 

extremely low sensitivity to development of the site, and therefore 

implementing a physical intervention later in the proposal’s design life would 

not introduce any notable increase in flood risk to surrounding 

developments.  
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8 Model Sensitivity 

8.1.1 The site is 5.5km from the Teesmouth breakwater, and as such, flood levels 

are dominated by the tidal boundary. For instance, the flood level at the tidal 

boundary for the 0.5% AEP 2105 Higher Central event is 4.835 mAOD, and 

the flood level at the site is 4.847mAOD, a 0.01m rise over 5.5km.  This is a 

strong indicator of how insensitive levels at the site will be to change in 

modelling parameters, as essentially it says that the tidal boundary explains 

all but 1cm of the flood levels. 

8.1.2 Because of this, sensitivity analysis of parameters other than the 

downstream boundary are highly unlikely to result in significant changes in 

water levels at the proposed development.  

8.2 Downstream boundary 

8.2.1 By comparison of the 0.5%AEP 2105 Higher Central and Upper End 

modelling results, it can be seen that modelling a 0.275m increase in the 

tidal boundary results in a 0.296m increase at the site. 

8.3 Flow 

8.3.1 A 10% increase in QMED was run in the baseline scenario as confirmation 

of model insensitivity. This resulted in increases in water level of 2-3mm at 

the site. Note that (per Section 5.5), only a 2% increase in QMED on the 

Tees was noted between 2010 and 2024. 



 FRA Annex D: Hydraulic Modelling Report  
Rev 00  

 
Page 35                  PINS Reference EN0110025 

   

9 Model proving 

9.1 Hydrological and hydraulic calibration 

9.1.1 The site is 5.5km from the downstream boundary, and flood levels are 

dominated by the tide. For instance, in the 0.5% AEP 2105 event, the peak 

flood level at the tidal boundary is 4.835mAOD, and the flood level at the 

site is 4.847mAOD, a 0.012m rise over 5.5km.  This is a strong indicator of 

how insensitive levels at the site will be to change in modelling parameters, 

as essentially it says that the tidal boundary explains all but 1cm of the flood 

levels.  

9.1.2 This implies that hydraulic and hydrological calibration will result in 

negligible change to flood levels at the site. The model updates are not 

expected to significantly impact the model’s performance and cannot 

change the tidal boundary. It is therefore not proposed to recalibrate the 

model, or to repeat sensitivity tests undertaken in the 2020 study. Indeed, 

the 2020 model report noted that no formal calibration was possible with the 

data available.  

9.2 Validation & Verification 

9.2.1 Similarly, there is little technical merit to validation or verification for this site, 

although it is noted that the breach outline for Greatham Creek is closely 

comparable to the Dec 2013 recorded flooded outline, which was also due 

to a breach event at Greatham Creek (Inset 9.1).  
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Inset 9.1  Comparison of historic flood map with Greatham Creek breach event                  

9.3 Model stability 

Stability 

9.3.1 Convergence bitmaps from the model runs are shown overleaf. These show 

good convergence over the durations of all the model runs. 

9.3.2 Figures in the following section show the model stability diagnostic 

parameters. With only the breach scenarios showing up to five 

unconverged timesteps in the FMP and no negative Estry depths, the 

simulations demonstrate excellent numerical stability.  

  



 

 

 

  

Baseline: 1% AEP 2030, 70th %ile (T100 Tidal) 

(RTees_DDD_005_T100_2030_046_stability_TUFLOW.ief) 

Baseline: 0.1% AEP 2030, 70th %ile (T1000 Tidal) 

(RTees_DDD_005_T1000_2030_046_stability_TUFLOW.ief) 

Baseline: 0.5% AEP 2030, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2030_046_stability_TUFLOW.ief) 

Baseline: 0.5% AEP 2080, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2080_046_stability_TUFLOW.ief) 

Baseline: 0.5% AEP 2105, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2105_046_stability_TUFLOW.ief) 

Baseline: 0.5% AEP 2105, 95th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2105_UE_046_stability_TUFLOW.ief) 

Baseline: 0.5% AEP 2130, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2130_046_stability_TUFLOW.ief) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design: 0.5% AEP 2080, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2080_048_stability_TUFLOW.ief 

Design: 0.5% AEP 2105, 95th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2105_UE_048_stability_TUFLOW.ief 

Design: 0.5% AEP 2130, 95th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2130_048_stability_TUFLOW.ief 

Design: 0.5% AEP 2030, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2030_048_stability_TUFLOW.ief 

Design: 0.5% AEP 2105, 70th %ile (T200 Tidal) 

(RTees_DDD_005_T200_2105_048_stability_TUFLOW.ief 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Breach-1: 0.5% AEP 2100 70th %ile (T200 Tidal) 

RTees_DDD_005_T200_2100_040_stability_TUFLOW.ief 

        

 

Breach-1: 0.5% AEP 2100  95th %ile (T200 Tidal) 

RTees_DDD_005_T200_2100_UE_040_stability_TUFLOW.ief 

         

 

Breach-2: 0.5% AEP 2100 70th %ile (T200 Tidal) 

RTees_DDD_005_T200_2100_042_stability_TUFLOW.ief 

Breach-2: 0.5% AEP 2100  95th %ile (T200 Tidal) 

RTees_DDD_005_T200_2100_UE_042_stability_TUFLOW.ief 
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Table 9.1 Model stability diagnostic parameters 

Epoch Event FMP 
unconverged 
timesteps 

FMP mass 
balance 
error (of 
peak system 
volume) 

FMP mass 
balance 
error (of 
boundary 
inflow 
volume) 

TUFLOW 1D 
(Estry) 
negative 
depths 

TUFLOW 2D 
negative 
depths 

TUFLOW 
cumulative ME 

Baseline scenario 

2030 1% 

0.5% 

0.1% 

0 

0 

0 

-0.61% 

-0.60% 

-0.41% 

-0.12% 

-0.12% 

-0.09% 

0 

0 

0 

0 

4 

7 

-0.02% 

-0.02% 

-0.03% 

2080  0.5% 0 -0.51% -0.10% 0 16 -0.06% 

2105 0.5% 0 -0.41% -0.09% 0 271 -0.14% 

2105_UE 0.5% 0 -0.38% -0.08% 0 0 -0.23% 

2130 0.5% 0 -0.43% -0.10%   -0.23% 

Development scenario 

2030 0.5% 0 -0.60% -0.12% 0 0 -0.02% 

2080  0.5% 0 -0.51% -0.10% 0 17 -0.06% 

2105 0.5% 0 -0.48% -0.10% 0 281 -0.14% 

2105_UE 0.5% 0 -0.39% -0.08% 0 0 -0.23% 
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Epoch Event FMP 
unconverged 
timesteps 

FMP mass 
balance 
error (of 
peak system 
volume) 

FMP mass 
balance 
error (of 
boundary 
inflow 
volume) 

TUFLOW 1D 
(Estry) 
negative 
depths 

TUFLOW 2D 
negative 
depths 

TUFLOW 
cumulative ME 

2130 0.5% 0 -0.42% -0.10% 0 0 -0.23% 

Breach-1 scenario 

2100 0.5% 5 -0.34% -0.09% 0 284 -0.11% 

2100_UE 0.5% 5 -0.42% -0.12% 0 0 -0.19% 

Breach-2 scenario 

2100 0.5% 2 -0.43% -0.12% 0 351 -0.11% 

2100_UE 0.5% 4 -0.41% -0.12% 0 0 -0.19% 
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9.4 Mass balance 

1D Mass Balance 

9.4.1 For the Baseline scenarios, the 1D mass balance error (of peak system 

volume) ranges from -0.38% to -0.61%. The range is slightly shorter for the 

Development scenarios as -0.38% to -0.60%. For the Breach scenarios, it 

ranges from -0.34% to -0.41%.   

9.4.2 For the Baseline scenarios, the 1D mass balance error (of boundary inflow 

volume) ranges from -0.08% to -0.12%. The range remains the same for 

the Development scenarios. For the Breach scenarios, it ranges from -

0.09% to -0.12%.   

9.4.3 The 1D mass balance errors for all the simulations are substantially below 

±0.5%, thus demonstrating excellent numerically stable model simulations. 

2D Mass Balance 

9.4.4 With up to 351 negative depths in TUFLOW and up to -0.14% of cumulative 

mass error for the corresponding simulations; and with the rest of the 

simulations resulting in cumulative mass errors of up to -0.23%, the 

cumulative mass balance errors are substantially below ±0.5%, thus 

demonstrating excellent numerically stable model simulations. 

Cumulative Mass Error & Volume Change plots 

9.4.5 Presented here are two plots of cumulative mass error (ME%) and volume 

change (dVol) plots, the first for the 0.5% AEP 2105, 95th %ile (T200 Tidal) 

Development scenario (Figure 12), and the second for the 0.5% AEP 2100, 

95th %ile (T200 Tidal) breach scenario for Breach-2, (Inset 9.2).   
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Inset 9.2  Cumulative mass error and volumetric changes, 0.5% AEP 2105 Upper 
End scenario 

 

9.4.6 The plot for the Development scenario shows cyclical volume changes 

consistent with a tidal model. The mass balance error keeps on falling and 

improving. Given the low value of CE at -0.23% relative to the volume 

exchanges, the model results can be treated as meeting industry standards. 
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Inset 9.3  Cumulative mass error and volumetric changes, Breach 2 0.5% AEP 2105 
Upper End scenario 

9.4.7 The plot for the breach scenario shows comparatively lesser fluctuations in 

CE with it being comparatively lower at -0.19%. The volume exchange 

behaviour remains consistent with the earlier relevant observation.   
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9.5 Changes to default parameters 

Table 9.2 1d Run Parameters 

 

Table 9.3 2D Run Parameters 

Parameter Value Difference 
to normal 

Justification 

Timestep 5 or 2.5 second 
(TUFLOW) 

1 second (ESTRY) 

N/A See Section 9.6 

Boundary 
Viscosity Factor 

1 -- Default 

9.6 Timestep 

9.6.1 The 1D time step is 2.5 second. The grid size selected (10m) was based on 

balancing accuracy with model run time. A 2D timestep of 20-50% of the 

magnitude of the grid cell size is required, and 5 second is 50% of this, 

which is within the correct range. The 2D timestep must be an integer 

multiple of the 1D timestep (including a multiple of 1), and consequently 5 

second was chosen as a balance between run time and accuracy. However, 

for improving stability, two simulations have been run with 2D timestep of 

2.5 second. 

Parameter Value Difference 
to normal 

Justification 

Start 0 hours N/A Unchanged from the inherited model 

Finish 48 hours N/A Unchanged from the inherited model 

Timestep 2.5 second N/A  See Section 9.6 

Dflood 3  -- All non-standard parameters were 
included in the model as inherited. These 
were already set to default values.  Minitr 3 -- 

Maxitr 11 -- 

NewMatrixDummy 0.1 -- 

PivotalChoice 0.1 -- 

MatrixDummy 0 -- 
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10 Limitations of modelling 

10.1.1 Noting the very low sensitivity of flood levels at the site to modelling 

parameters other than the tidal boundary, and the high levels of residual 

confidence to the modelled breach scenarios, there is high confidence to be 

had from this modelling for the Lighthouse Green Fuels site.  

10.1.2 Other locations within the model may not be subject to the same level of 

confidence.  

10.1.3 Wave calculations used in the assessment wave hazard are based on a 

desk study approach, and more detailed modelling is recommended to 

support assessment at detailed design. 
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11 Conclusions 

11.1.1 Flood risk to the Lighthouse Green Fuels site has been modelled using a 

Flood Modeller Pro - Tuflow numerical model based on the 2020 update to 

the Tidal Tees model.  

11.1.2 Bathymetry, site topography, LiDAR and tidal boundaries have been 

updated in the model to use more recent data. 

11.1.3 The water levels at the site are highly insensitive to most model parameters 

other than the tidal boundary. 

11.1.4 Breach analyses from the baseline model show that the site is at a high 

level compared to breach flood levels and would not be at direct risk. 

However, transport links that the site depends on may be flooded. 

11.1.5 Baseline water levels have been used to identify suitable site design levels, 

guided by a Residual Uncertainty Assessment. 

11.1.6 Site proposals, comprising increased ground levels for the site, creation of a 

new quay and dredging of a berth pocket, have been represented in the 

model and remodelled. These do not lead to significant changes in flood 

risk; main-channel water levels change by <1mm. 

11.1.7 A residual risk is noted due to wave hazard, which during the Applicant’s 

proposed 30-year operational life can be managed by wave protection to 

ground levels at the north and south ends of the quays, and should be 

assessed in greater detail at detailed design. Beyond the 30-year 

operational life, wave hazards will develop at other locations, and it is 

proposed that these can be managed on a managed adaptive basis. 
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12 Model Log 

The model log is included as part of this modelling submission as Attachment D. 
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Attachment A List of model files 

A.1 1D model files 

Geometry files 

A.1.1 Baseline scenario 

• RTees_DDD_006.DAT – 23% fluvial CCA 

• RTees_DDD_007. DAT – 40% fluvial CCA 

• RTees_DDD_008. DAT – 61% fluvial CCA 

A.1.1 Development Scenario 

• RTees_DDD_006. DAT – 23% fluvial CCA  

• RTees_DDD_007. DAT – 40% fluvial CCA 

• RTees_DDD_008. DAT – 61% fluvial CCA 

A.1.1 Breach-1 & 2 Scenarios 

• RTees_DDD_005.DAT – No CCA 

A.1.1 Event and Scenario Files 

• N/A. Inflows are read from DAT file and Estry+TUFLOW files 

Run Files 

A.1.1 Baseline scenario 

• RTees_DDD_005_T100_2030_046_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2030_046_stability_TUFLOW.ief 

• RTees_DDD_005_T1000_2030_046_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2080_046_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2105_046_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2105_UE_046_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2130_046_stability_TUFLOW.ief 

A.1.1 Development Scenario 

• RTees_DDD_005_T100_2030_048_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2030_048_stability_TUFLOW.ief 

• RTees_DDD_005_T1000_2030_048_stability_TUFLOW.ief 
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• RTees_DDD_005_T200_2080_048_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2105_048_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2105_UE_048_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2130_048_stability_TUFLOW.ief 

A.1.1 Breach-1 Scenario 

• RTees_DDD_005_T200_2100_041_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2100_UE_041_stability_TUFLOW.ief 

A.1.1 Breach-2 Scenario 

• RTees_DDD_005_T200_2100_041_stability_TUFLOW.ief 

• RTees_DDD_005_T200_2100_UE_041_stability_TUFLOW.ief 

A.2 2D Model Files 

TUFLOW Control Files 

A.2.1 Links to TUFLOW Geometry Control, TUFLOW Boundary Control, 

TUFLOW Materials Files, and the 1D-2D definition shapefiles. Also sets file 

output locations and control parameters, including some non-default values. 

A.2.1 Baseline scenario 

• RTees_010_T100_2030_046_stability.tcf 

• RTees_010_T200_2030_046_stability.tcf 

• RTees_010_T1000_2030_046_stability.tcf 

• RTees_010_T200_2080_046_stability.tcf 

• RTees_010_T200_2105_046_stability.tcf 

• RTees_010_T200_2105_UE_046_stability.tcf 

• RTees_010_T200_2130_046_stability.tcf  

A.2.1 Development Scenario 

• RTees_010_T200_2030_048_stability.tcf 

• RTees_010_T200_2080_048_stability.tcf 

• RTees_010_T200_2105_048_stability.tcf 

• RTees_010_T200_2105_UE_048_stability.tcf 

• RTees_010_T200_2130_048_stability.tcf 
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A.2.1 Breach-1 Scenario 

• RTees_010_T200_2100_041_stability.tcf 

• RTees_010_T200_2100_UE_041_stability.tcf 

A.2.1 Breach-2 Scenario 

• RTees_010_T200_2100_042_stability.tcf 

• RTees_010_T200_2100_UE_042_stability.tcf 

TUFLOW Geometry Control 

A.2.1 Links to all topographical and roughness definition shapefiles, including 

setting the grid cell size and grid size. May contains control logic to read in 

the correct set of formal and informal defences by scenario and epoch. 

• Baseline scenario: RTees_010_ISISESTRY_040_CC_stability.tgc  

• Development Scenario: RTees_010_ISISESTRY_046_CC_stability.tgc 

• Breach-1 Scenario: RTees_010_ISISESTRY_041_CC_stability.tgc 

• Breach-2 Scenario: RTees_010_ISISESTRY_042_CC_stability.tgc 

TUFLOW Boundary Control 

A.2.1 Links to 1D-2D boundary definition shapefiles only. 

• All scenarios:   RTees_010_ESTRY_020_stability.tbc  

TUFLOW Materials File 

A.2.1 Comma-separated file linking MasterMap land-use codes to Manning’s n 

roughness values for the roughness coverage shapefiles. 

• All scenarios: materials3.tmf  

Geospatial Data 

A.2.1 The new model files created in the course of this project are tabulated below.  
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Category Filename Purpose 

2D Topography EA_2022_LiDAR_downloaded_on_20Apr2
026_2x2.tif 

LiDAR elevation surface 

2D Topography Retain_prev_DTM_clipped_2.tif Existing terrain model 

2D Topography 26-4-
13_PD_baseline_bathy_OrdnceDatum_1x1
_v2.tif 

Bathymetry surface 

2D Topography 26-05-06_BaselineBathy_1x1.tif Additional bathymetry surface 
covering channel between 
site and the ship turning semi-
circle 

2D Topography T250658-DR-T-001-011_clipped.tif Scheme terrain surface 

2D Topography Dev1_merged_v2_clipped.tif Quay design DTM 

2D Topography 
modifications 

2d_zsh_wing_walls_Dev1_L.shp and 
2d_zsh_wing_walls_Dev1_P.shp 

Quay wing walls 

2D Topography 
modifications 

2d_zsh_Quay_Dev1_R.shp and 
2d_zsh_Quay_Dev1_P.shp 

Quay 

2D Topography 
modifications 

2d_zsh_Main_Site_Dev4_v2_R.shp Site at elevation 5.08 mAOD 

2D Topography 
modifications 

2d_zsh_Roads_Dev2_R.shp Roads at elevation 5.23 
mAOD (0.15m) higher 

2D Topography 
modifications 

2d_zsh_Bunds_Dev3_R.shp Containment bunds as 
platforms at elevation 5.88 
mAOD (0.8m higher) 

2D Topography 
modifications 

2d_zsh_Buildings_Dev3_R.shp Buildings and plants at 
elevation 5.68 mAOD (0.6m 
higher) 

2D Materials 2d_mat_OSM2026.shp OSM-derived roughness layer 

2D Materials 2d_mat_Dev1.shp Manning's n values for Quay 

2D Materials 2d_mat_Dev4_Main_Site.shp Manning's n values for the 
main site  

2D Materials 2d_mat_Dev3.shp Manning's n values for 
development components 

Breach-1 2d_vzsh_Port_Clarence_R.shp and 
2d_vzsh_Port_Clarence_P.shp 

For Port Clarence 
embankment breach model 

Breach-2 2d_vzsh_LGF_Greatham_Creek_R.shp 
and 
2d_vzsh_LGF_Greatham_Creek_P.shp 

For Greatham Creek 
embankment breach model 
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A.2.1 Other inherited geospatial data model files are tabulated below. 

Category Filename 

2D TIN 2d_ztin_RTees_def_GCN_001.MIF 

2D TIN 2d_ztin_RTees_def_GCS_001.MIF 

2D TIN 2d_ztin_RTees_PCbund_001.MIF 

2D Elevation Modifiers 2d_zsh_RTees_GC_Estuary_003.MIF 

2D Elevation Modifiers 2d_zsh_RTees_OB_002.MIF 

2D Elevation Modifiers 2d_zln_RTees_Def_NFCDD_005.MIF 

2D Boundary Conditions 2d_bc_RTees_002.MIF 

2D Boundary Conditions 2d_bc_RTees_GC_003.MIF 

2D Boundary Conditions 2d_bc_RTees_Barr_006.MIF 

2D HX/SX Links 2d_bc_hx_RTees_SB_003_KB.MIF 

2D Materials 2d_mat_RTees_Naturalpatch_001.MIF 

2D Materials 2d_mat_RTees_Natural_003.MIF 

2D Materials 2d_mat_RTees_Manmade_003.MIF 

2D Materials 2d_mat_RTees_Bldg_002_CROP.MIF 

Flow Constrictions 2d_fcsh_RTees_constrict_002.MIF 

Flow Constrictions 2d_fcsh_RTees_ISISPatch_001.MIF 

1D Network 1d_nwk_RTees_SB_003_KB.mif 

1D Network 1d_nwk_RTees_BB_001_PC.mif 

1D Network 1d_nwk_RTees_ORT_003D.mif 

1D Network 1d_nwk_RTees_LB_002_PC.mif 

1D Network 1d_nwk_RTees_FlowLink_006.mif 

1D Cross Sections 1d_xs_RTees_SB_003.mif 

1D Cross Sections 1d_xs_RTees_BB_001.mif 

1D Cross Sections 1d_xs_RTees_ORT_003D.mif 

1D Cross Sections 1d_xs_RTees_LB_002.mif 

1D Boundaries 1d_bc_RTees_SB_003.mif 

1D Boundaries 1d_bc_RTees_BB_002.mif 

1D Boundaries 1d_bc_RTees_ORT_001.mif 

1D Boundaries 1d_bc_RTees_LB_001.mif 

FMP–TUFLOW Link 1d_x1d_isis_nodes_RTees_002.MIF 
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A.2.1 The files in the TUFLOW boundary database are listed below. 

• bc_dbase_RTees_001.csv 

• bc_dbase_RTees_002_23per_CCA.csv 

• bc_dbase_RTees_002_40per_CCA.csv 

• bc_dbase_RTees_002_61per_CCA.csv 

• flist.txt 

• T1000_2030.csv 

• T100_2030.csv 

• T200_2030.csv 

• T200_2080.csv 

• T200_2105.csv 

• T200_2105_UE.csv 

• T200_2130.csv 
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Attachment B Proposed approach to modelling 

consulted with Environment Agency 
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Context
Site proposals

Low risk from 

surface water or 

ground water 

flooding

Recorded flood

outline

Base map and data from 

OpenStreetMap and 

OpenStreetMap Foundation 

(CC-BY-SA). © 

https://www.openstreetmap.org 

and contributors



FRA

LiDAR Ground elevations

Tiered approach from PEIR

Potential alternative – quayside flood defence

While site is all classed as essential infrastructure, not all components need to remain 

operational in a flood, some elements are inherently flood resilient. Are the EA open to 

differentiation of standards of protection?

Raise ground levels 5.08mOD 200yr 2100 higher central +0.30m

Adaptable / less vulnerable components 5.38mOD 200yr 2100 higher central +0.60m

Fixed / vulnerable components 5.68mOD 200yr 2100 upper end +0.60m

Sensitivity scenario 5.86mOD 200yr H++ 2100



Site 
elevation

LiDAR Ground elevations

Raise ground levels 5.08mOD 200yr 2100 higher central +0.30m

Adaptable / less vulnerable components 5.38mOD 200yr 2100 higher central +0.60m

Raise vulnerable / fixed components 5.68mOD 200yr 2100 upper end +0.60m

Sensitivity scenario 5.86mOD 200yr H++ 2100

LiDAR data © Environment Agency copyright and/or database right 2022. All rights reserved
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“Defences”, but…

Base map and data from 

OpenStreetMap and 

OpenStreetMap Foundation 

(CC-BY-SA). © 

https://www.openstreetmap.org 

and contributors

AIMS data © Environment Agency copyright and/or database right 2025. All rights reserved
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2020 Greatham and Port 

Clarence model update to the 
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FMP-Tuflow, but minimal 1D 

of relevance to site.

1D model elements

Base map and data from 

OpenStreetMap and 

OpenStreetMap Foundation 

(CC-BY-SA). © 

https://www.openstreetmap.org 

and contributors
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Clarence model update to the 
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Base map and data from 
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and contributors
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Baseline Model
Expected updates

• Use the extreme events “stability” modification

• Generate skew surge tidal boundaries to match key dates

• Update the QMED inflows (although noted 10% increase = 2-3mm increase in WL)

• Import latest LiDAR & bathymetry 

• Import latest survey on the site

❖Not intended to recalibrate

❖Not intended to re-run sensitivity

❖No change in grid size (currently 10m)



Baseline Model
Climate change

❖Is it necessary to assess climate change uplifts on wave / 

wind, as not offshore conditions?



Design Model
Expected updates

• Modify 2D domain to represent change in topographic and bathymetric surfaces

• Wave study (by others) to give fetch limited wave height / period calculations

❖ Not proposed to assess climate change uplifts on wave / wind



Scheme resilience
Expected updates

• 2 breaches to be tested (in accordance with LIT56413)

• RUA to inform freeboard / ground levels

❖ Not intended to model H++ 2100 (but level would be readily interpreted)

❖ Cumulative impact – works not expected to have detrimental impact up to the 

200yr 2130 70th percentile. Do EA require modelling of a cumulative impact 

scenario?





Events for assessment

25yr

75yr

100yr
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Attachment C Residual Uncertainty Analysis 

A.3 RUA Executive Summary 

A.3.1 A Tier 1 Residual Uncertainty Allowance (RUA) calculation has been 

undertaken to define design levels at the Lighthouse Green Fuels Site. From 

consideration of the local hydraulics, it is noted that water levels drop just 

1cm in the 5.5km between the site and the tidal boundary of the model. This 

indicates extreme insensitivity to any factor other than the downstream 

boundary. 

A.3.1 The 97.5% confidence interval for uncertainty in the tidal boundary can be 

achieved with a 0.23m uplift.  

A.3.1 The site is protected solely by raising its ground level and its flood resilience 

is not vulnerable to collapse due to wave overtopping an erodible defence. 

Formally therefore it does not require a wave allowance for freeboard. 

Nonetheless, the front of the quay is raised 0.57m above the general site 

level, and this value corresponds exactly to the allowance required to protect 

against a mean annual wave state on top of the design flood plus an 

allowance for the 97.5% confidence interval. 

A.3.1 A potential residual wave hazard to the site is noted for the site. This is not 

significant within the worst case 30 year operational life, but would need 

mitigation and control if the site was still operational within the 75 year 

assessment period required by the Environment Agency.  

A.3.1 There is some conservatism in the assessment of the wave hazard. The 

guidance used is for direct coastal waves, and in the more sheltered 

environment of the proposed development, the potential hazards are 

expected to be reduced. Furthermore, the mitigating effects of development 

either side of the site would also be expected to reduce the strength of 

incoming waves, but are not taken into account.  

A.3.1 It is therefore recommended that the wave hazard is dealt with on a 

managed adaptive approach. 

A.4 Introduction 

A.4.1 This note describes the assessment of uncertainty within the modelled flood 

levels for the design of floor levels as part of the DCO for the Lighthouse 

Green Fuels Site, Teesside. It summarises the magnitude of residual 

uncertainties and how they have been assessed. By combining the 

allowance for residual uncertainty with an allowance for physical processes, 

an overall defence freeboard has been calculated.  
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A.4.1 The proposals are Essential Infrastructure, and need to be built above the 

0.5% AEP event, with a Higher Central allowance for climate change to 

2105. 

A.5 Freeboard 

A.5.1 The RUA assessment has been used together with an allowance for 

physical processes affecting the proposed defences to define a freeboard 

allowance in their design.  

Sources of Residual Uncertainty 

A.5.1 Options for the site have been assessed hydraulically using Flood Modeller 

Pro-TUFLOW.   

A.5.1 The site is 5.5km from the model’s tidal boundary, and as such, flood levels 

are dominated by the tidal boundary. For instance, the flood level at the tidal 

boundary for the 0.5% AEP 2105 higher central event is 4.835 mOAD, and 

the flood level at the site is 4.845mOAD, a 0.01m rise over 5.5km.  This is a 

strong indicator of how insensitive levels at the site will be to potential 

sources of uncertainty, as essentially it says that the tidal boundary explains 

all but 1cm of the flood levels. Any uncertainty from sources other than the 

tidal boundary can therefore only impact on that 1cm.  

A.5.1 With this in mind, uncertainty assessment has focussed on the tidal 

boundary. 

Modelled Sources of Residual Uncertainty.  

Approach 

A.5.1 The approach adopted by Arup is a “Tier 1 – First order error analysis”. This 

approach: 

• Identifies the components of uncertainty (x,y,z) that are likely to 

contribute to uncertainty in the primary variable (in this case, the peak 

water level at the wet side of the defences) 

• Estimates the change in the primary variable (dR) for a small change in 

the component of uncertainty (dx, or dy or dz) 

• Estimates the uncertainty in the secondary variable (xunc or yunc or 

zunc). 

• Estimates the total uncertainty in the primary variable Runc through a 

weighted summation of independent contributions. 

A.5.1 The primary uncertainty Runc is calculated using the formula: 
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A.5.1 In this project however, there is only one primary variable being assessed, 

and this means the above formula simplifies down to: 

 

A.5.1 The “Coastal Design Sea Levels - Coastal Flood Boundary Extreme Sea 

Levels (2018)” dataset publishes both the best estimate and the 97.5% 

confidence interval extreme sea levels for the site, which are respectively 

4.07mOAD and 4.31mAOD for the 0.5% AEP event, a difference of 0.24m. 

A.5.1 By comparison of the 0.5% AEP 2105 Higher Central and Upper End 

modelling results, it can be seen that modelling a 0.275m increase in the 

tidal boundary results in a 0.267m increase at the site. 

A.5.1 Therefore, the primary uncertainty at the 97.5% confidence interval is 

(0.267/0.275)*0.24 = 0.23m. 

Confidence 

A.5.1 The amount of freeboard defined by each source of uncertainty is directly 

influenced by the desired confidence interval for which it is assessed. For 

example: one standard deviation of estimates corresponding to the 68% 

confidence interval, or 84.1% chance of non-exceedance, is commonly used 

as an initial level at which to assess uncertainty. 

A.5.1 Table C.1, taken from the latest RUA Guidance1  illustrates the different 

confidence intervals as defined by a normal distribution of probability.  

  

 
1 Assessment of Residual Uncertainty - Supplementary Technical Guidance (LIT 73536), Environment 

Agency, April 2024 
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Table C.1 Probability distribution, confidence intervals and non-exceedance 
(extract from LIT 73536) 

Confidence interval 
(%) 

Standard deviation Probability of non-
exceedance (%) 

Probability of non-
exceedance (%) 

38 0.5 69.1 30.9 

55 0.75 77.3 22.7 

68 1.0 84.1 15.9 

95 2.0 97.7 2.3 

99 3.0 99.9 0.13 

A.5.1 A 97.5% confidence interval has approximately a 99% chance of non-

exceedance. This is higher than industry standards.  

A.6 Physical Processes 

Superelevation 

A.6.1 Superelevation is not applicable to the site as it is not on a river bend.  

Settlement 

A.6.1 Settlement has not been considered as part of this assessment and should 

be added on to design allowances by the geotechnical design team where 

necessary.  

Wave overtopping 

Approach to wave overtopping 

A.6.1 The site proposals are to achieve flood resilience by raising site ground 

levels. Environment Agency Fluvial Freeboard Guidance only requires wave 

overtopping to be considered for freeboard to protect against damage to 

raised, erodible flood defences (such as embankments).  

A.6.1 In this case, there are no formal flood defences as such. The proposed 

quays have a cross fall for drainage, which make the quays a minimum of 

0.57m higher than the raised ground level of the site. The quay will be hard 

surfaced and their frontage will be sheet piled, so, while not designed as 

such, they form an effective non-erodible defence along their line. 

A.6.1 The quays therefore provide a minimum of 0.57m freeboard against waves 

over and above the 97.5% confidence interval. This will reduce any residual 

overtopping from waves to the site. 

A.6.1 The site is also theoretically exposed to wave overtopping by flooding 

through adjacent sites. At these locations, the site does not benefit from the 

protection offered by the quay, but waves would be considerably reduced 

by obstructions in the adjacent sites. Again, there are no raised defences at 
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these locations, so the exposure is limited to the residual hazard posed by 

wave overtopping. Provided assets are not located directly next to the site 

edge, the high ground levels of the site will absorb much of the potential 

wave power. 

Wave overtopping calculations 

A.6.1 The magnitudes of the significant wave height were estimated in the 

modelling appendix to the Appendix 12A: Coastal and Estuary 

Processes (ES Volume III, Application Document Ref. 6.3). The two 

worst case estimates of the mean annual significant wave height are given 

as 0.46m (from the northeast) and 0.64m (from the southwest), as restated 

in Table C.2. 

Table C.2 Restatement of wind and wave values from the marine processes chapter 
modelling appendix. 

Direction 
sector 

Fetch 
(m) 

1yr wind 
velocity (m/s) 

Assumed 
depth (m) 

Derived 
wave height 
(m) 

Derived 
wave period 
(s) 

North East 1670 16.5 18.5 0.46 2.00 

South West 3600 15.8 15.8 0.64 2.60 

A.6.1 The modelling report acknowledges limitations to the analysis, which is a 

desk-top based study and does not employ formal modelling. In particular, 

it is noted that the approach used does not take full account of the effects 

of shallow depths on waves from the southwest. Figures from a more 

detailed Royal Haskoning study2 of the same reach of the Tees indicated a 

15-20% reduction in wave heights compared to a central channel estimate. 

The same Royal Haskoning study gives a wave height of 0.5m from the 

southwest. 

A.6.1 Review of the southwesterly reach suggests that the ABPmer calculations 

should either take greater account of shallow depths within the southwest 

fetch, or should have applied a more acute angle of attack, giving a shorter 

fetch of 2350m. Applying these adjustments to the same United States Army 

Corps of Engineers (USACE)  fetch limited wave calculation gives significant 

wave heights of 0.50 and 0.52m respectively, which is more in line with the 

Royal Haskoning results. Equally, a 15% reduction in the ABPmer wave 

height (adjusting from central channel to the edge) gives a wave height of 

0.54m. 

A.6.1 The wind velocities from the ABPmer report have been used with fetch 

lengths and depths derived from modelling for the points shown in Figure 

 
2 Royal HaskoningDHV, (2020). South Bank Quay EIA Report, Document Reference: PC1084-RHD-
SB-EN-RP-EV-1100 
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C.1, resulting in the wave heights shown in Table C.3. 

A.6.1 At site boundaries that are set back from the immediate channel of the Tees, 

waves would need to approach over adjacent sites. The shallow depths over 

these sites would have a limiting effect on the maximum wave height that 

could be achieved. This limit has been identified by putting an exaggerated 

reach length of 100,000m into the USACE fetch-limited wave calculator.  

A.6.1 Hence, where there are marked depth differences between channel depth 

and depth on the floodplain adjacent to the Main Site, waves have been 

calculated from the lesser of 1) a weighted average of the wave height given 

by either depth over the total fetch length, and 2) the wave height given by 

the lower depth over a 100,000m fetch length. 

Table C.3 Wave heights used in hazard calculation 

Location Fetch 
(m) 

Assumed 
depth (m) 

1yr wind 
velocity (m/s) 

Derived 
wave height 
(m) 

Derived 
wave period 
(s) 

1 1670 18.5 16.5 0.46 2.00 

2 2350 15.8 15.8 0.52 2.23 

3 574 

702 

15 

0.75 

15.8 0.31 1.63 

4 348 

1028 

18.8 

0.6 

15.8 0.27 1.5 

5 1300 14.5 16.5 0.41 1.9 

6 1200 

300 

13.5 

0.35 

16.5 0.18 2.2 

7 750 

300 

18 

0.6 

16.5 0.27 2.6 

A.6.1 Where assets are not immediately sited on the edge of the Main Site, they 

will benefit further from reduction of the waves caused by the low depths of 

flooding. Even allowing 0.23m for uncertainty on top of the 0.5%AEP 2130 

Higher Central event, flood depths over minimum ground level of 5.08mAOD 

would be a maximum of 0.28m. This could limit significant wave heights to 

0.15m. 
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Figure C.1 Locations of wave estimates 

Exceedence flows 

A.6.1 The magnitudes of wave overtopping have also been assessed in terms of 

exceedance flows using EurOtop (2018) (incorporating 2019 corrigenda)3. 

These in turn are compared to Table C.4, summarising the potential impacts 

associated with wave overtopping for different magnitudes of flow.  

 

 
3 EurOtop, 2018.  “Manual on wave overtopping of sea defences and related 

structures.  An overtopping manual largely based on European research, but for 

worldwide application.”  Van der Meer, J.W., Allsop, N.W.H., Bruce, T., De Rouck, J., 

Kortenhaus, A., Pullen, T., Schüttrumpf, H., Troch, P. and Zanuttigh, B., 

www.overtopping-manual.com. 
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Table C.4 Tolerable limits of wave overtopping (after Allsop et al, 2008)4 
 

Hazard Type and reason Mean 
discharge 

(l/s/m) 

 
Limits of 
overtopping for 
pedestrians 

Trained staff, well shod and protected, expecting to get wet, 
overtopping flows at lower levels only, no falling jet,  
low danger of fall from walkway 

1 - 10 

Aware pedestrian, clear view of water, not easily upset or 
frightened,  
able to tolerate getting wet, wider walkway 

0.1 

 
Limits of 
overtopping for 
vehicles 

Driving at low speed, overtopping by pulsating flows at low flow 
depths,  
no falling jets, vehicle not immersed 

 10 - 50 

Driving at moderate or high speed, impulsive overtopping giving 
falling or high velocity jets 

0.01 - 0.05 

 
Limits of 
overtopping for 
property behind 
the defence 

Building structural elements (NOTE: overtopping defined as being 
at the building) 

1 

Damage to equipment set back 5-10m from defence 0.4 

 
Limits of 
overtopping for 
damage to the 
defence crest 
or rear slope 

Damage to well protected crest and rear slope 50 - 200 

Damage to crest and rear slope of grass covered clay 
embankment 

1 - 10 

Damage to unprotected crest and rear slope 0.1 

Damage to paved or armoured promenade behind seawall 200 

A.6.1 It is emphasised that Allsop et al4 is from an analysis of a coastal 

environment, and as such the hazard quoted in Table C.4 is a worst-case 

interpretation of the hazard at the site. This is because coastal waves have 

less regular patterns of flow – the largest individual waves may produce far 

higher overtopping flows than the average wave. In the more sheltered 

context of the site, individual waves will be much closer to the scale of the 

average wave, and because of this the peak overtopping flow is more 

representative of the average, and therefore the peak hazard is much lower. 

A.6.1 Table C.5 identifies the overtopping flows at the quays in the design event 

(after 75 years of operational life) and two exceedence events. 

 

 
4 Allsop et al (2008). “Direct hazards from wave overtopping – the forgotten aspect of 

coastal flood risk assessment?” 



 FRA Annex D: Hydraulic Modelling Report  
Rev 00  

 
Page 64                  PINS Reference EN0110025 

   

Table C.5 Overtopping flows at the quays 

Event Water level at + 
0.23m uncertainty 
allowance (mAOD) 

Freeboard (m) Overtopping 
flow (l/s/m) 

0.5% AEP Higher Central 2060 4.60 1.06 0.02 

0.5% AEP Higher Central 2105 5.08 0.57 1.6 

0.5% AEP Upper End 2105 5.34 0.31 10.8 

0.5% AEP Higher Central 2130 5.36 0.29 12.3 

A.6.1 Within the 30-year worst case estimate of the operational life, the rates of 

overtopping at the quay pose no risks. 

A.6.1 Within the 75-year assessment period, overtopping could reach thresholds 

that could be hazardous to inexperienced pedestrians – but the site will 

mostly be accessible to dock workers, not the general public. Overtopping 

is limited to a low enough flow that the only concern would be safety to 

vehicles driving at a moderate to high speed. This would not be expected 

behaviour in the context of an industrial dock. Equipment within 5-10m of 

the quay edge would need to be appropriately designed and raised for 

resilience against waves, and any buildings would similarly need to be set 

back from the quay edge.  

A.6.1 In the exceedance events (2130 Higher Central, or 2105 Upper End climate 

scenarios), adaptation or mitigation measures may be necessary to 

maintain staff & vehicular safety and appropriate protection to equipment & 

buildings within the vicinity of the quays. These events are however well 

beyond the worst-case estimate of operational life, and it would be 

appropriate to manage these risks on a managed adaptive basis.  

A.6.1 Table C.6 identifies the overtopping flows along the edges of the rest of the 

Main Site in the design event. These flows do not take account of the 

mitigating effect of any obstructions in adjacent sites that would reduce the 

scale of incoming waves.  
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Table C.6 Overtopping wave flows at identified points around edge of site. 

  0.5% AEP Higher Central 2060 0.5% AEP Higher Central 2105 

  

Site 
level 

Road 
level 

Less 
vulnerable 

More 
vulnerable 

Site 
level 

Road 
level 

Less 
vulnerable 

More 
vulnerable 

Ground level (mAOD) 5.08 5.23 5.38 5.68 5.08 5.23 5.38 5.68 

Freeboard (m) 0.28 0.43 0.58 0.88 0 0.15 0.3 0.6 

Location Overtopping flow (l/s/m) 

1 0.02 0.02 0.02 0.02 1.6 1.6 1.6 1.2 

2 5.6 2.03 0.68 0.06 63.4 37.4 17.3 2.6 

3 0.25 0.03 0.00 0.00 29.2 10.4 2.3 0.06 

4 0.08 0.01 0.00 0.00 23.7 6.9 1.1 0.01 

5 1.6 0.41 0.09 0.00 44.4 21.6 7.6 0.57 

6 0.00 0.00 0.00 0.00 12.9 1.6 0.07 0.00 

7 0.08 0.01 0.00 0.00 23.7 6.9 1.1 0.01 

A.6.1 Within the Applicant’s proposed Design Life (the 2060 Higher Central 

allowance), the risks to pedestrians are generally acceptable for trained 

staff. Some wave protection is necessary at Locations 2 and 5 (at either end 

of the quays), and sufficient space exists within the site to implement such 

protection, which would only need to be ~0.30m high. Subject to vehicles 

driving at low speeds, the hazards to vehicles are acceptable. Buildings and 

equipment would not be at risk.  

A.6.1 Within the Environment Agency’s required assessment period (to 2105), the 

risks to pedestrians on the site edge may be significant, as may the risks to 

vehicles. Provided buildings are not set at the very edge of the site, their 

exposure to structural damage should be low. Equipment should be set back 

at least 10m and may require additional raising or wave protection. 

A.6.1 Where assets are not immediately sited on the edge of the Main Site, they 

will benefit further from reduction of the waves caused by the low depths of 

flooding. Even allowing 0.23m for uncertainty on top of the 0.5% AEP 2130 

Higher Central exceedance event, flood depths over the minimum ground 

level of 5.08mAOD would be a maximum of 0.28m. This would limit 

significant wave heights to 0.15m high, which would pose no risk to buildings 

raised to the More Vulnerable threshold level. 

A.6.1 Ultimately, these residual risks are controllable. The risks to pedestrians and 

vehicles can be controlled through response procedures and restricting 

access during flood events. The actual exposure can be minimised by 

setting back development from the site edge, and / or incorporation of low 

bunding at the edge of site or beside development. Modelling has 

demonstrated that raising the ground levels of the site has negligible impact 

on flood risk to adjacent sites, and this gives the freedom to undertake such 
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measures without concerns for flood displacement. 

A.6.1 There is some uncertainty in the understanding of this hazard. The papers 

used relate the hazard to an average overtopping flow, but the analyses are 

based on coastal waves. Coastal waves have a highly randomised 

behaviour that mean the highest waves within a given wave state may 

produce far higher overtopping flows than the average waves, and it is these 

waves which will define a lot of the hazard. In the more sheltered context of 

the site, this effect will not be so marked, and hence the hazard will be 

significantly lower than suggested by the papers.  

A.6.1 It is recommended that more detailed wave modelling is carried out as 

detailed design progresses to support design of mitigation measures for 

wave hazard, particularly around the north and south ends of the quays, and 

more detailed identification of the hazard.  

A.6.1 Given the uncertainty associated with understanding of the wave hazard 

(and likely conservatism in the current approach), where the detailed wave 

modelling does not indicate a wave hazard to be managed within the 30 

year worst case operational life of the proposed development, it is 

recommended that the residual risk associated with waves is managed 

using a managed adaptive approach, i.e. if a physical intervention is 

confirmed as being required later in the proposals’ operational life, it can be 

implemented or investigated further then. 

A.6.1 Such an approach recognises that the results of the modelling indicate 

extremely low sensitivity to development of the site, and therefore 

implementing a physical intervention later in the proposal’s design life would 

not introduce any notable increase in flood risk to surrounding 

developments.  

 



 FRA Annex D: Hydraulic Modelling Report  
Rev 00  

 
Page 67                  PINS Reference EN0110025 

   

Attachment D Model Log 



Model Log File type cell colours 1d model / data GIS

Log of model input files.  Simulations are logged on a separate sheet. 2d control Other

Click on column headers with ? for further guidance.

Project name

Project no.

Arup PM
Last 1d Model ID 48 OPTIONAL OPTIONAL
Last 2d Model ID 48

-s1 -s2 -e1 -e2 Milestone 
?

Superseded Date 
?

Modeller File type 
?

Model no. 
?

Filename 
?

Preceding file 
?

File location 
?

Comments / changes since preceding file File type 1 File type 2 File type 3 Check date 
?

Checker 
?

Checked 
?

SM-check actions 
?

Responses to actions 
?

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T1000_2030_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T100_2030_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T200_2030_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T200_2070_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T200_2100_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T200_2100_UE_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat 1d model 39 RTees_DDD_005_T200_2130_039_stability_TUFLOW.ief R e s_DDD_005_T 00_2100_038_st b lity_ UF OW elobal europ \ e s\M deling Da a\30673 00 LGF\02 Modelling\04 baseline_CCA\FM\IEFS Based on preceding file for baseline runs, refers to new .TCF file

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T1000_2030_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS
changed to TIF output at line 69; refers to updated .ecf, .tgc, 

..tmf  BC event at line 41 & 42 to the current one

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T100_2030_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS changed to TIF output at line 69; refers to updated .ecf 

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T200_2030_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS changed to TIF output at line 69; refers to updated .ecf 

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T200_2070_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS changed to TIF output at line 69; refers to updated .ecf 

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T200_2100_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS changed to TIF output at line 69; refers to updated .ecf 

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T200_2100_UE_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS changed to TIF output at line 69; refers to updated .ecf 

05/05/2026 Deepak Kharat TRD / TCF 39 RTees_010_T200_2130_039_stability.tcf RTe s_010_ 00_2100_038_ a ili y. cu ope\ ee \Mo eling_Dat \306732 00  g\04 baseline_CCA\TUFLOW\RUNS changed to TIF output at line 69; refers to updated .ecf,  .tgc

05/05/2026 Deepak Kharat ECF 21 RTees_021_stability.ecf RTe s_020_stab l ty cfu ope\ ee \Model ng   g\04 baseline_CCA\TUFLOW\RUNS added CHECK at line 12 for compatibility with 2018 TUFLOW ver

05/05/2026 Deepak Kharat TGC 39 RTees_010_ISISESTRY_039_CC_stability.tgc RTees_010_ISISESTRY_0 8_CC_stabi y gcope\L eds\Model ng_Data\306732-00 LGF  04 baseline_CCA\TUFLOW\MODEL
Replaces prev terrain with EA LiDAR+site topo+bathy survey; 

reads new material

05/05/2026 Deepak Kharat other 2d data EA_2022_LiDAR_downloaded_on_20Apr2026_2 2 t f New\glob s\Mo    _CCA\TUFLOW\MODEL\DTM2026 Up to date EA LiDAR

05/05/2026 Deepak Kharat other 2d data Retain_prev_DTM_clipped_2.tif News\Mo    _CCA\TUFLOW\MODEL\DTM2026 DTM retained between bathy survey and approx -1.4 mAOD

05/05/2026 Deepak Kharat other 2d data 26-4-13_PD_baseline_bathy_OrdnceDatum_1x1 tif New\g o s\Mo    _CCA\TUFLOW\MODEL\DTM2026 survey .xyz converted to TIF

05/05/2026 Deepak Kharat other 2d data T250658-DR-T-001-011_clipped.tif News\Mo    _CCA\TUFLOW\MODEL\DTM2026 site topo from Design Team

05/05/2026 Deepak Kharat SHP / MIF 2d_mat_OSM2026.shp Newe\Lee    aseline_CCA\TUFLOW\MODEL\MI
up to date material file based on OSM 2026. See "M \306732-00 

LGF\01 modelling input\Materials\materials list.xlsx" for details

05/05/2026 Deepak Kharat other 2d model materials3.tmf mate al 2 tmfope\Leeds\Mo   04 baseline_CCA\TUFLOW\MODEL

Changed bldg n for matrial 18 from 1 to 0.3 according to the 

comment in XLS "\\global\europe\Leeds\Modeling_Data\306732-

00 LGF\0000_Scope-QA-Logs-

Calcs\0050_ReviewsOfIncomingModels\20260417_LIT 

17617_Hydraulic_Model_Review_Lighthouse_Green_Fuels.xlsm"

05/05/2026 Deepak Kharat CSV T1000_2030.csv T1000 ce Leeds\M    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

05/05/2026 Deepak Kharat CSV T100_2030.csv T100. ve Leeds    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

05/05/2026 Deepak Kharat CSV T200_2030.csv T 00. ve\Leeds    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

05/05/2026 Deepak Kharat CSV T200_2070.csv T 00. ve\Leeds    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

05/05/2026 Deepak Kharat CSV T200_2100.csv T 00. ve\Leeds    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

05/05/2026 Deepak Kharat CSV T200_2100_UE.csv T 00. ve\Leeds    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

05/05/2026 Deepak Kharat CSV T200_2130.csv T 00. ve\Leeds    baseline_CCA\TUFLOW\BC_DBASE
See CCA calcs at M \306732-00 LGF\0000_Scope-QA-Logs-

Calcs\0080 Calcs\2026-01-05 CCA

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T1000_2030_040_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_039_ tabil y_ UF OW efM \3 6 32-00 GF\02 Mod lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T100_2030_040_stability_TUFLOW.ief RTees_DDD_005_T100_2030_039_s abilit _ UFLOW.i fM \ 06732-0  LGF 0  Mo lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2030_040_stability_TUFLOW.ief RTees_DDD_005_T200_2030_039_s abilit _ UFLOW.i fM \ 06732-0  LGF 0  Mo lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2070_040_stability_TUFLOW.ief RTees_DDD_005_T200_2070_039_s abilit _ UFLOW.i fM \ 06732-0  LGF 0  Mo lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2100_040_stability_TUFLOW.ief RTees_DDD_005_T200_2100_039_s abilit _ UFLOW.i fM \ 06732-0  LGF 0  Mo lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2100_UE_040_stability_TUFLOW.ief RTees_DDD_005_T200_2100_UE_ 39_sta li _ UF OWM \306 32 00 LG \02 Mod lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref; 2D TS 2.5

Yes 08/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2130_040_stability_TUFLOW.ief RTees_DDD_005_T200_2130_039_s abilit _ UFLOW.i fM \ 06732-0  LGF 0  Mo lling\04 baseline_CCA_2\FM\IEFS\ Updated title, and .TCF ref;  2D TS 2.5

Yes 20/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2105_040_stability_TUFLOW.ief N wbal e   elling\04 baseline_CCA_2\FM\IEFS Used _2100 as basis

Yes 20/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2105_UE_040_stability_TUFLOW.ief N wbal e   elling\04 baseline_CCA_2\FM\IEFS Used _2100_UE as basis

Yes 20/05/2026 Deepak Kharat 1d model 40 RTees_DDD_005_T200_2080_040_stability_TUFLOW.ief N wbal e   elling\04 baseline_CCA_2\FM\IEFS Used _2070 as basis

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T1000_2030_040_stability.tcf RTees_010_T1000_2030_03 _stabil y. cfM \306 32-00 LG  4 baseline_CCA_2\TUFLOW\RUNS Line 31 refers to updated TGC

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T100_2030_040_stability.tcf RTees_010_T100_2030_039_ tabilit tcM \ 06732-00 LG  4 baseline_CCA_2\TUFLOW\RUNS Line 31 refers to updated TGC

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2030_040_stability.tcf RTees_010_T200_2030_039_ tabilit tcM \ 06732-00 LG  4 baseline_CCA_2\TUFLOW\RUNS Line 31 refers to updated TGC

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2070_040_stability.tcf RTees_010_T200_2070_039_ tabilit tcM \ 06732-00 LG  4 baseline_CCA_2\TUFLOW\RUNS Line 31 refers to updated TGC

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2100_040_stability.tcf RTees_010_T200_2100_039_ tabilit tcM \ 06732-00 LG  4 baseline_CCA_2\TUFLOW\RUNS Line 31 refers to updated TGC

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2100_UE_040_stability.tcf RTees_010_T200_2100_UE_ 39_sta li y tcM \306 2 00 GF\0  4 baseline_CCA_2\TUFLOW\RUNS
Line 31 refers to updated TGC; TS 2.5 but note that .ief provides 

TS

Yes 08/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2130_040_stability.tcf RTees_010_T200_2130_039_ tabilit tcM \ 06732-00 LG  4 baseline_CCA_2\TUFLOW\RUNS
Line 31 refers to updated TGC; TS 2.5 but note that .ief provides 

TS

08/05/2026 Deepak Kharat TGC 40 RTees_010_ISISESTRY_040_CC_stability.tgc RTees_010_ISISESTRY_039_ C_st b i y tgM \306732 00 LGF\02  baseline_CCA_2\TUFLOW\MODEL
Reads at ln 49  file 26-05-06_BaselineBathy_1x1.tif and updated 

26-4-13_PD_baseline_bathy_OrdnceDatum_1x1_v2.tif

08/05/2026 Deepak Kharat other 2d data 26-4-13_PD_baseline_bathy_OrdnceDatum_1x1_v2.tif 26-4-13_PD_bas ne_ba h _O dnc Da um_ x1 t fM \30673 -00 LGF\02 Modell ng\04 bas CCA_2\TUFLOW\MODEL\DTM2026 LAT to OD datum corrected from 2.8 to 2.85

08/05/2026 Deepak Kharat other 2d data 26-05-06_BaselineBathy_1x1.tif New    CCA_2\TUFLOW\MODEL\DTM2026 New bathymetry information arounf the ship turning semi-circle

20/05/2026 Deepak Kharat CSV T200_2080.csv Neweed    seline_CCA_2\TUFLOW\BC_DBASE

20/05/2026 Deepak Kharat CSV T200_2105.csv Neweed    seline_CCA_2\TUFLOW\BC_DBASE

20/05/2026 Deepak Kharat CSV T200_2105_UE.csv Neweed    seline_CCA_2\TUFLOW\BC_DBASE

Yes 20/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2105_040_stability.tcf Neope\   4 baseline_CCA_2\TUFLOW\RUNS

Yes 20/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2080_040_stability.tcf Neope\   4 baseline_CCA_2\TUFLOW\RUNS

Yes 20/05/2026 Deepak Kharat TRD / TCF 40 RTees_010_T200_2105_UE_040_stability.tcf Neope\   4 baseline_CCA_2\TUFLOW\RUNS

13/05/2026 Deepak Kharat SHP / MIF 2d_vzsh_LGF_Greatham_Creek_P.shp New placed in \MI\Breaches\ of breaches model setups

13/05/2026 Deepak Kharat SHP / MIF 2d_vzsh_LGF_Greatham_Creek_R.shp New placed in \MI\Breaches\ of breaches model setups

13/05/2026 Deepak Kharat SHP / MIF 2d_vzsh_Port_Clarence_P.shp New placed in \MI\Breaches\ of breaches model setups

13/05/2026 Deepak Kharat SHP / MIF 2d_vzsh_Port_Clarence_R.shp New placed in \MI\Breaches\ of breaches model setups

13/05/2026 Deepak Kharat 1d model 41 RTees_DDD_005_T200_2100_041_stability_TUFLOW.ief RTees_DDD_005_T200_2100_040_stab ty_TU LOW efM \306 -00 GF\0  Modelling\05 dev1breach1\FM\IEFS updated reference to TCF

13/05/2026 Deepak Kharat 1d model 41 RTees_DDD_005_T200_2100_UE_041_stability_TUFLOW.ief RTees_DDD_005_T200_2100_UE_040_ ab lit _ UFLOWM \ 06732-0  LGF\02 Modelling\05 dev1breach1\FM\IEFS updated reference to TCF

13/05/2026 Deepak Kharat TRD / TCF 41 RTees_010_T200_2100_041_stability.tcf RTees_010_T200_2100_040_st lity.tcM \30673 -0   g\05 dev1breach1\TUFLOW\RUNS
updated ref to updated tgc; ln 57 added ZH; updated output and 

check files locatons

13/05/2026 Deepak Kharat TRD / TCF 41 RTees_010_T200_2100_UE_041_stability.tcf RTees_010_T200_2100_UE_040_ tabili . fM \3 6 32-00 LG  g\05 dev1breach1\TUFLOW\RUNS
updated ref to updated tgc; ln 57 added ZH; updated output and 

check files locatons

13/05/2026 Deepak Kharat TGC 41 RTees_010_ISISESTRY_041_CC_stability.tgc RTees_010_ISISE TRY_0 0_CC_stab l ty. gcM \30673 00 LGF\ 2 Model ing  h1\TUFLOW\MODEL\MI\Breaches Added breaches

14/05/2026 Deepak Kharat 1d model 42 RTees_DDD_005_T200_2100_042_stability_TUFLOW.ief RTees_DDD_005_T200_2100_041_stab ty_TU LOW efM \306 -00 GF\0  Modelling\05 dev1breach2\FM\IEFS changed ref to v42 tcf

14/05/2026 Deepak Kharat 1d model 42 RTees_DDD_005_T200_2100_UE_042_stability_TUFLOW.ief RTees_DDD_005_T200_2100_UE_041_ ab lit _ UFLOWM \ 06732-0  LGF\02 Modelling\05 dev1breach2\FM\IEFS changed ref to v42 tcf

14/05/2026 Deepak Kharat TRD / TCF 42 RTees_010_T200_2100_042_stability.tcf RTees_010_T200_2100_041_st lity.tcM \30673 -0   g\05 dev1breach2\TUFLOW\RUNS changed ref to v42 tgc; folder names updated

14/05/2026 Deepak Kharat TRD / TCF 42 RTees_010_T200_2100_UE_042_stability.tcf RTees_010_T200_2100_UE_041_ tabili . fM \3 6 32-00 LG  g\05 dev1breach2\TUFLOW\RUNS changed ref to v42 tgc; folder names updated

14/05/2026 Deepak Kharat TGC 42 RTees_010_ISISESTRY_042_CC_stability.tgc RTees_010_ISISE TRY_0 1_CC_stab l ty. gcM \30673 00 LGF\ 2 Model ing  h2\TUFLOW\MODEL\MI\Breaches Activated breach2 instead

24/05/2026 Deepak Kharat other 2d data Dev1_merged_v2_clipped.tif New    \TUFLOW\MODEL\DTM2026\Dev1 Created new DTM from Dev1 Quay design

24/05/2026 Deepak Kharat other 2d data 2d_zsh_wing_walls_Dev1_L.shp New   5 dev1\TUFLOW\MODEL\MI\Dev1 Development proposal

24/05/2026 Deepak Kharat other 2d data 2d_zsh_wing_walls_Dev1_P New   5 dev1\TUFLOW\MODEL\MI\Dev1 Development proposal

24/05/2026 Deepak Kharat other 2d data 2d_zsh_Quay_Dev1_R.shp New   5 dev1\TUFLOW\MODEL\MI\Dev1 Development proposal

24/05/2026 Deepak Kharat other 2d data 2d_mat_Dev1.shp New   5 dev1\TUFLOW\MODEL\MI\Dev1 Development proposal - materials

24/05/2026 Deepak Kharat TGC 43 RTees_010_ISISESTRY_043_CC_stability.tgc RTees_010_ISISESTRY_040_CC_stabil y tgcM \30673   odelling\05 dev1\TUFLOW\MODEL Dev1 added  Quay DTM, quay walls, Quay and materials

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T1000_2030_043_stability.tcf RTees_010_T1000_2030_040_stabi ity tM \30   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T100_2030_043_stability.tcf RTees_010_T100_2030_040_stabili .tcM \3   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T200_2030_043_stability.tcf RTees_010_T200_2030_040_stabili .tcM \3   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T200_2080_043_stability.tcf RTees_010_T200_2080_040_stabili .tcM \3   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T200_2105_043_stability.tcf RTees_010_T200_2105_040_stabili .tcM \3   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T200_2105_UE_043_stability.tcf RTees_010_T200_2105_UE_040_stabili tcfM \306 3   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat TRD / TCF 43 RTees_010_T200_2130_043_stability.tcf RTees_010_T200_2130_040_stabili .tcM \3   Modelling\05 dev1\TUFLOW\RUNS Refers to updated .tgc (040), check file location updated

24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T1000_2030_043_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_040_stabili y_T LOW efM \30673 -00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T100_2030_043_stability_TUFLOW.ief RTees_DDD_005_T100_2030_040_stability_ U OW.iM \306732-00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T200_2030_043_stability_TUFLOW.ief RTees_DDD_005_T200_2030_040_stability_ U OW.iM \306732-00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T200_2080_043_stability_TUFLOW.ief RTees_DDD_005_T200_2080_040_stability_ U OW.iM \306732-00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T200_2105_043_stability_TUFLOW.ief RTees_DDD_005_T200_2105_040_stability_ U OW.iM \306732-00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

Model reviewers

Referenced Files ? Quality Assurance columns ?Scenario and sub-scenarios ?

Lighthouse Green Fuels

306732-00

Ian Campbell

Senior modeller M \306732-00 LGF\02 ModellingFrances Dearden

Deepak Kharat

Modelling folder

File naming convention note 
?

Modeller(s)



24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T200_2105_UE_043_stability_TUFLOW.ief RTees_DDD_005_T200_2105_UE_040_stabi ity_TUFLOWM \3 6732 00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

24/05/2026 Deepak Kharat 1d model 43 RTees_DDD_005_T200_2130_043_stability_TUFLOW.ief RTees_DDD_005_T200_2130_040_stability_ U OW.iM \306732-00 GF\02 Modelling\05 dev1\FM\IEFS updated ref to v43 tcf

Yes 08/06/2026 Deepak Kharat other 2d data 2d_zsh_Main_Site_Dev2_v2_R.shp N wope\L   6 dev2\TUFLOW\MODEL\MI\Dev2
Dev2  added site, incl green lizard freehold at elevation 5.08 

mAOD minimum

Yes 05/06/2026 Deepak Kharat other 2d data 2d_zsh_Roads_Dev2_R.shp N wope\L   6 dev2\TUFLOW\MODEL\MI\Dev2 Dev2  added roads at elevation 5.23 (0.15m) higher

Yes 05/06/2026 Deepak Kharat other 2d data 2d_zsh_Bunds_Dev2_R.shp N wope\L   6 dev2\TUFLOW\MODEL\MI\Dev2 Dev2  added containment bunds at elevation 5.88 (0.8m higher)

yes 08/06/2026 Deepak Kharat other 2d data 2d_zsh_Bunds_Dev2_v2_R.shp 2 _ sh_Bu ds_D 2_R shpope\Leeds Mo eling_Data\   6 dev2\TUFLOW\MODEL\MI\Dev2
Dev2  added containment bunds as platforms at elevation 5.88 

(0.8m higher)

Yes 08/06/2026 Deepak Kharat other 2d data 2d_zsh_Buildings_Dev2_R.shp N wope\L   6 dev2\TUFLOW\MODEL\MI\Dev2 Dev2  added buidings nad plants at elevation 5.68  (0.6m higher)

Yes 08/06/2026 Deepak Kharat other 2d data 2d_mat_Dev2_Main_Site.shp N wope\L   6 dev2\TUFLOW\MODEL\MI\Dev2 Dev2  materials for main site incl green lizard freehold 

Yes 05/06/2026 Deepak Kharat other 2d data 2d_mat_Dev2.shp N wope\L   6 dev2\TUFLOW\MODEL\MI\Dev2 Dev2  Materials for development components

08/06/2026 Deepak Kharat TGC 44 RTees_010_ISISESTRY_044_CC_stability.tgc R e s_010_IS SESTR _043_CC_s bil y tgclobal eu o e\Leeds\Mode ng_Data\30673   odelling\06 dev2\TUFLOW\MODEL
Dev2  Added main site platform, and roads, bunds & buildings 

within the main site. Added materials. Changed sequence of 

Dev1&2 reads. Dev1-Quay devlopment is read later.

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T1000_2030_044_stability.tcf R s_010_T1000_20 0_043_stabil ty t\globa eur pe\Le ds\M deli g Data\30   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T100_2030_044_stability.tcf R s_010_T100_2030_043_stabi ity tc\globa eur pe\L eds\Mode ng Data\3   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T200_2030_044_stability.tcf R s_010_T200_2030_043_stabi ity tc\globa eur pe\L eds\Mode ng Data\3   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T200_2080_044_stability.tcf R s_010_T200_2080_043_stabi ity tc\globa eur pe\L eds\Mode ng Data\3   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T200_2105_044_stability.tcf R s_010_T200_2105_043_stabi ity tc\globa eur pe\L e s\Mode ng Data\3   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T200_2105_UE_044_stability.tcf R s_010_T200_2105_UE_043 s b li tcf\globa eur pe\L e s\Mod ling_Data\30673   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat TRD / TCF 44 RTees_010_T200_2130_044_stability.tcf R s_010_T200_2130_043_stabi ity tc\globa eur pe\L e s\Mode ng Data\3   Modelling\06 dev2\TUFLOW\RUNS updated ref to v44 tcf and check files to Dev2 folder

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T1000_2030_044_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_043_stabi ity_T LOW e\ global\eu ope\L eds\Mode ng Da a\30673 -00 LGF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T100_2030_044_stability_TUFLOW.ief RTees_DDD_005_T100_2030_043_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T200_2030_044_stability_TUFLOW.ief RTees_DDD_005_T200_2030_043_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T200_2080_044_stability_TUFLOW.ief RTees_DDD_005_T200_2080_043_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T200_2105_044_stability_TUFLOW.ief RTees_DDD_005_T200_2105_043_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T200_2105_UE_044_stability_TUFLOW.ief RTees_DDD_005_T200_2105_UE_043 s abil ty_TUFLOW\ global\eu ope\ eeds\Mo eli g_Data\3 6732-00 LGF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

05/06/2026 Deepak Kharat 1d model 44 RTees_DDD_005_T200_2130_044_stability_TUFLOW.ief RTees_DDD_005_T200_2130_043_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\06 dev2\FM\IEFS updated ref to v44 tcf

11/06/2026 Deepak Kharat other 2d data 2d_zsh_Bunds_Dev3_R.shp n  but based on  2d_ sh_Bu d _D v2_v2_R pope\ ee s\Mo el g ata\306732-00 L F 02 Mod 7 dev3\TUFLOW\MODEL\MI\Dev3
Dev3  added containment bunds as platforms at elevation 5.88 

(0.8m higher)

11/06/2026 Deepak Kharat other 2d data 2d_zsh_Buildings_Dev3_R.shp n  but based on  2d_ sh_Bu ld ng _De 2_R.shpope\ ee s\Mo el g ata\306732-0  LGF\ 2 Mo 7 dev3\TUFLOW\MODEL\MI\Dev3 Dev3  added buidings and plants at elevation 5.68  (0.6m higher)

08/06/2026 Deepak Kharat other 2d data 2d_mat_Dev3_Main_Site.shp n  but based on 2d_mat_Dev2_M n_ t .shpope\ ee s\Mo el g_Data\306 2 00 GF 0  M 7 dev3\TUFLOW\MODEL\MI\Dev3 Dev3  materials for main site incl green lizard freehold 

11/06/2026 Deepak Kharat other 2d data 2d_mat_Dev3.shp n  but based on  2d_m t_Dev shpope\ ee s\Mo el g Data\ 06 32-00  7 dev3\TUFLOW\MODEL\MI\Dev3 Dev3  Materials for development components

11/06/2026 Deepak Kharat TGC 45 RTees_010_ISISESTRY_045_CC_stability.tgc R e s_010_IS SESTR _044_CC_s bil y tgclobal eu o e\Leeds\Mode ng_Data\30673   odelling\07 dev3\TUFLOW\MODEL

Dev3  Has newr layout of bunds, bldgs and mat compared to 

Dev2. Accordingly, replaced the corresponding shp file commands 

for these. Dev1-Quay devlopment is read later. Other files from 

Dev2 have been copied to Dev3 for clarity on what Dev3 

represents.   
Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T1000_2030_045_stability.tcf R s_010_T1000_20 0_044_stabil ty t\globa eur pe\Le ds\M deli g Data\30   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T100_2030_045_stability.tcf R s_010_T100_2030_044_stabi ity tc\globa eur pe\L eds\Mode ng Data\3   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T200_2030_045_stability.tcf R s_010_T200_2030_044_stabi ity tc\globa eur pe\L eds\Mode ng Data\3   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T200_2080_045_stability.tcf R s_010_T200_2080_044_stabi ity tc\globa eur pe\L eds\Mode ng Data\3   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T200_2105_045_stability.tcf R s_010_T200_2105_044_stabi ity tc\globa eur pe\L e s\Mode ng Data\3   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T200_2105_UE_045_stability.tcf R s_010_T200_2105_UE_044 s b li tcf\globa eur pe\L e s\Mod ling_Data\30673   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat TRD / TCF 45 RTees_010_T200_2130_045_stability.tcf R s_010_T200_2130_044_stabi ity tc\globa eur pe\L e s\Mode ng Data\3   Modelling\07 dev3\TUFLOW\RUNS updated ref to v45 tcf and check files to Dev3 folder

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T1000_2030_045_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_044_stabi ity_T LOW e\ global\eu ope\L eds\Mode ng Da a\30673 -00 LGF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T100_2030_045_stability_TUFLOW.ief RTees_DDD_005_T100_2030_044_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T200_2030_045_stability_TUFLOW.ief RTees_DDD_005_T200_2030_044_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T200_2080_045_stability_TUFLOW.ief RTees_DDD_005_T200_2080_044_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T200_2105_045_stability_TUFLOW.ief RTees_DDD_005_T200_2105_044_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T200_2105_UE_045_stability_TUFLOW.ief RTees_DDD_005_T200_2105_UE_044 s abil ty_TUFLOW\ global\eu ope\ eeds\Mo eling_Data\3 6732-00 LGF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

Yes 11/06/2026 Deepak Kharat 1d model 45 RTees_DDD_005_T200_2130_045_stability_TUFLOW.ief RTees_DDD_005_T200_2130_044_ tabi i y_ U OW.i\ global\eu ope\ eeds\Mod ling Da \306732 00 GF\02 Modelling\07 dev3\FM\IEFS updated ref to v45 tcf

24/06/2026 Deepak Kharat 46 RTees_DDD_006.DAT RTees_DDD_005.DAT   elling\04 baseline_CCA_3\FM\DAT
Design year 2030 CCA uplift of 23% at nodes RT32027 and 

IF30327;  also added these to the Dat file in the main comment 

and comments at the nodes

24/06/2026 Deepak Kharat 46 RTees_DDD_007.DAT RTees_DDD_005.DAT   elling\04 baseline_CCA_3\FM\DAT
 Design years 2080, 2105 and 2130 CCA uplift of 40% at nodes 

RT32027 and IF30327;  also added these to the Dat file in the 

main comment and comments at the nodes

24/06/2026 Deepak Kharat 46 RTees_DDD_008.DAT RTees_DDD_005.DAT   elling\04 baseline_CCA_3\FM\DAT
Design year 2105_UE CCA uplift of 61% at nodes RT32027 and 

IF30327;  also added these to the Dat file in the main comment 

and comments at the nodes
24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T100_2030_046_stability_TUFLOW.ief RTees_DDD_005_T100_2030_0 _ a li _ UFLOWM \30673 00 LG 02 Modelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_006.DAT

24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T200_2030_046_stability_TUFLOW.ief RTees_DDD_005_T200_2030_0 _ a li _ UFLOWM \30673 00 LG 02 Modelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_006.DAT

24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T200_2080_046_stability_TUFLOW.ief RTees_DDD_005_T200_2080_0 0_stability_ UFLOM \306 3 00 LG 02 Modelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_007.DAT

24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T200_2105_046_stability_TUFLOW.ief RTees_DDD_005_T200_2105_0 0_stability_ UFLOM \306 3 00 LG 02 Modelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_007.DAT

24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T200_2105_UE_046_stability_TUFLOW.ief RTees_DDD_005_T200_2105_U _040_ tabili y_TUM \30 732 0 LGF\02 odelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_008.DAT

24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T200_2130_046_stability_TUFLOW.ief RTees_DDD_005_T200_2130_0 _ a li _ UFLOWM \30673 00 LG 02 Modelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_007.DAT

24/06/2026 Deepak Kharat 1d model 46 RTees_DDD_005_T1000_2030_046_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_0 0_stability_TUFLOM 306 2 00 LGF 2 Modelling\04 baseline_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_006.DAT

24/06/2026 Deepak Kharat CSV 2 bc_dbase_RTees_002_23per_CCA.csv bc_dbase_RTees_001.csv
   seline_CCA_3\TUFLOW\BC_DBASE

Design year 2030 CCA uplift of 23% same as in 

RTees DDD 006.DAT

24/06/2026 Deepak Kharat CSV 2 bc_dbase_RTees_002_40per_CCA.csv bc_dbase_RTees_001.csv
   seline_CCA_3\TUFLOW\BC_DBASE

 Design years 2080, 2105 and 2130 CCA uplift of 40% same as in 

RTees DDD 007.DAT

24/06/2026 Deepak Kharat CSV 2 bc_dbase_RTees_002_61per_CCA.csv bc_dbase_RTees_001.csv
   seline_CCA_3\TUFLOW\BC_DBASE

Design year 2105_UE CCA uplift of 61% same as in 

RTees DDD 008.DAT

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T1000_2030_046_stability.tcf RTees_010_T1000_2030_040_stability.tcf
  4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_23per_CCA.csv

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T100_2030_046_stability.tcf RTees_010_T100_2030_040_stability.tcf
\   4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_23per_CCA.csv

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T200_2030_046_stability.tcf RTees_010_T200_2030_040_stability.tcf
\   4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_23per_CCA.csv

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T200_2080_046_stability.tcf RTees_010_T200_2080_040_stability.tcf
\   4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_40per_CCA.csv

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T200_2105_046_stability.tcf RTees_010_T200_2105_040_stability.tcf
\   4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_40per_CCA.csv

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T200_2105_UE_046_stability.tcf RTees_010_T200_2105_UE_040_stability.tcf
\  \  4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_61per_CCA.csv

24/06/2026 Deepak Kharat TRD / TCF 46 RTees_010_T200_2130_046_stability.tcf RTees_010_T200_2130_040_stability.tcf
\   4 baseline_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_40per_CCA.csv

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T1000_2030_047_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_045_stability_ UFLOM \3 6 32 00 GF\02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_006.DAT

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T100_2030_047_stability_TUFLOW.ief RTees_DDD_005_T100_2030_0 5_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_006.DAT

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T200_2030_047_stability_TUFLOW.ief RTees_DDD_005_T200_2030_0 5_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_006.DAT

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T200_2080_047_stability_TUFLOW.ief RTees_DDD_005_T200_2080_045_s abili y_ UF OM \ 06 32-00 GF\02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_007.DAT

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T200_2105_047_stability_TUFLOW.ief RTees_DDD_005_T200_2105_0 5_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_007.DAT

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T200_2105_UE_047_stability_TUFLOW.ief RTees_DDD_005_T200_2105_UE_0 5_stability_ UM 306 2 00 LG 02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_008.DAT

Yes 24/06/2026 Deepak Kharat 1d model 47 RTees_DDD_005_T200_2130_047_stability_TUFLOW.ief RTees_DDD_005_T200_2130_0 5_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev3_CCA_3\FM\IEFS Changed DAT file to  RTees_DDD_007.DAT

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T1000_2030_047_stability.tcf RTees_010_T1000_2030_045_stability.tcf
\   ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_23per_CCA.csv

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T100_2030_047_stability.tcf RTees_010_T100_2030_045_stability.tcf
  ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_23per_CCA.csv

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T200_2030_047_stability.tcf RTees_010_T200_2030_045_stability.tcf
  ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_23per_CCA.csv

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T200_2080_047_stability.tcf RTees_010_T200_2080_045_stability.tcf
  ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_40per_CCA.csv

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T200_2105_047_stability.tcf RTees_010_T200_2105_045_stability.tcf
  ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_40per_CCA.csv

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T200_2105_UE_047_stability.tcf RTees_010_T200_2105_UE_045_stability.tcf
  ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_61per_CCA.csv

Yes 24/06/2026 Deepak Kharat TRD / TCF 47 RTees_010_T200_2130_047_stability.tcf RTees_010_T200_2130_045_stability.tcf
  ng\07 dev3_CCA_3\TUFLOW\RUNS Changed dbase file to bc_dbase_RTees_002_40per_CCA.csv

07/08/2026 Deepak Kharat other 2d data 2d_zsh_Main_Site_Dev4_v2_R.shp New
   _CCA_3\TUFLOW\MODEL\MI\Dev4

Update to main site following LGF - RLB change - variation request 

(06/08/2026)

07/08/2026 Deepak Kharat other 2d data 2d_mat_Dev4_Main_Site.shp New
   _CCA_3\TUFLOW\MODEL\MI\Dev4

Update to main site following LGF - RLB change - variation request 

(06/08/2026)

07/08/2026 Deepak Kharat TGC RTees_010_ISISESTRY_046_CC_stability.tgc RTees_010_ISISESTRY_045_CC_stability.tgc
  \07 dev4_CCA_3\TUFLOW\MODEL

Main site boundary and material updated as per LGF - RLB change 

- variation request (06/08/2026)

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T1000_2030_048_stability_TUFLOW.ief RTees_DDD_005_T1000_2030_047_stability_TUFLO
 \  Modelling\07 dev4_CCA_3\FM\IEFS Same as v47 but referring to Dev4 folder, updated ref to v48 TCF

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T100_2030_048_stability_TUFLOW.ief RTees_DDD_005_T100_2030_047_s abili y_ UF OM \ 06 32-00 GF\02 Modelling\07 dev4_CCA_3\FM\IEFS --ditto--

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T200_2030_048_stability_TUFLOW.ief RTees_DDD_005_T200_2030_0 7_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev4_CCA_3\FM\IEFS --ditto--

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T200_2080_048_stability_TUFLOW.ief RTees_DDD_005_T200_2080_0 7_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev4_CCA_3\FM\IEFS --ditto--

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T200_2105_048_stability_TUFLOW.ief RTees_DDD_005_T200_2105_047_s abili y_ UF OM \ 06 32-00 GF\02 Modelling\07 dev4_CCA_3\FM\IEFS --ditto--

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T200_2105_UE_048_stability_TUFLOW.ief RTees_DDD_005_T200_2105_UE_0 7_st bi i _ UM \30 2 00 LGF\02 Modelling\07 dev4_CCA_3\FM\IEFS --ditto--

07/08/2026 Deepak Kharat 1d model 48 RTees_DDD_005_T200_2130_048_stability_TUFLOW.ief RTees_DDD_005_T200_2130_0 7_stability_ UFLOM 0 32 0  GF 02 Modelling\07 dev4_CCA_3\FM\IEFS --ditto--

07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T1000_2030_048_stability.tcf RTees_010_T1000_2030_047_stability.tcfM \ 67 2 00 GF\  ng\07 dev4_CCA_3\TUFLOW\RUNS Refers to updated TGC; 

07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T100_2030_048_stability.tcf RTees_010_T100_2030_047_ tabil . fM 06732-00 LG  ng\07 dev4_CCA_3\TUFLOW\RUNS --ditto--

07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T200_2030_048_stability.tcf RTees_010_T200_2030_047_ tabil . fM 06732-00 LG  ng\07 dev4_CCA_3\TUFLOW\RUNS --ditto--

07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T200_2080_048_stability.tcf RTees_010_T200_2080_047_stability.tcfM \ 06 32-00 LG  ng\07 dev4_CCA_3\TUFLOW\RUNS --ditto--

07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T200_2105_048_stability.tcf RTees_010_T200_2105_047_stability.tcfM \ 06 32-00 LG  ng\07 dev4_CCA_3\TUFLOW\RUNS --ditto--

07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T200_2105_UE_048_stability.tcf RTees_010_T200_2105_UE_0 _sta l ty cfM \ 067 -00 LGF\02 ng\07 dev4_CCA_3\TUFLOW\RUNS --ditto--



07/08/2026 Deepak Kharat TRD / TCF 48 RTees_010_T200_2130_048_stability.tcf RTees_010_T200_2130_047_stability.tcfM \ 06 32-00 LG  ng\07 dev4_CCA_3\TUFLOW\RUNS --ditto--
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Attachment E Modelling Figures 



Annex E: Hydraulic modelling figures 
 

This is an interactive PDF. Use the layer controls to view events for different results.  

Note: Layers can’t be made exclusive, so care should be taken to view one at a time. 















     
  

  

 
                      

   

 

 




