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1 Overview 

1.1 Introduction 

JBA Consulting was commissioned by M-EC Consulting Development Engineers to undertake 

a hydraulic modelling assessment for a watercourse known as Sudbrook.  Modelling is 

required to discharge the following planning condition in relation to the proposed access 

road for a 400-dwelling development off Winnycroft Lane, Gloucester: 

Condition 7: The spine road shall not be constructed beyond the junction adjacent to plot 

12, until details of the design of the culvert over the Sudbrook, and details of the in-channel 

restriction, have been submitted to and approved in writing by the Local Planning Authority 

and the works undertaken in accordance with the approved details. 

1.2 Location 

M-EC Consulting Development Engineers have submitted a planning application for 400 

dwellings on the land south of Winnycroft Lane and north of the M5 in Gloucester.  An 

approximate site boundary is shown in Figure 1-1.  Sudbrook flows through the north of the 

site, and the proposed access road between the north and south of the site will cross this 

watercourse. 

 
Figure 1-1: Location plan 

1.3 Scope 

1.3.1 Overview 

The following was conducted as part of this study: 

• Hydrological analysis – using methods approved by the EA to ascertain flood flows. 
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• Hydraulic modelling – a detailed model to determine the baseline flood levels for the 

site. 

• Culvert sizing – using the detailed model to size the culvert beneath the proposed 

access road so flood risk downstream of the site remains unaffected. 

• Weir modelling – modelling of a number of weir structures along the length of 

watercourse to investigate their impact on flows upstream of the proposed access 

road and downstream of the site. 

1.3.2 Choice of method 

The methods in Table 1-1 were selected based on initial investigations (initial 2D modelling 

and interrogation of baseline environmental conditions). 

Table 1-1: Method justification 

Aspect Description Method 

Hydrology The catchment for Sudbrook is small, 
predominantly rural and ungauged. 

ReFH2 as there was no clear reason to select 
ReFH2 or FEH Stat so the method that 
produces the most conservative results was 
chosen. 

Hydraulic 
Modelling  

Sudbrook is a narrow watercourse with a 
couple of structures along the area of 
interest. 

1D-2D to model in-channel hydraulics 
connected to structures and 2D to represent 
out of bank flows.   
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2 Data gathering 

2.1 Topographic data 

Hydraulic modelling uses LiDAR data (Light Detection and Ranging) (i.e. ground levels 

derived by airborne survey) to represent the topography.  LiDAR was obtained from 

environment.data.gov.uk.  It was flown in 2019 as part of the National LiDAR Programme.  

Topographic survey was also collected.  This topographic survey data was used to enforce 

the levels of the Corncroft Lane bridge across the watercourse as the topographic levels 

were generally lower than the LiDAR levels, so using the LiDAR is likely to underestimate 

any overtopping of the bridge in this area. 

2.2 Additional survey 

Channel survey was undertaken in July 2022 by M-EC Geomatics to provide additional detail 

to the hydraulic model.  This included the survey of 16 cross sections along Sudbrook and 

associated structure information. 

2.3 Flood history 

No flood history has been provided for this study.  
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3 Hydrology 

3.1 Catchment description 

Design flood inflows for the model were calculated using the ReFH2 method as this was the 

method which produced the most conservative results.  As the purpose of this study is to 

support a Flood Risk Assessment (FRA), modelling the worse-case scenario is considered 

appropriate.  The catchment descriptors used for the hydrology calculations were sourced 

from the FEH web service.  The hydrological catchment plan is shown in Figure 3-1. 

The catchment descriptors highlight that the catchment is considered to be quite 

impermeable.  This was cross checked with available BGS data, which demonstrated the 

underlying geology in the area is sedimentary bedrock from the Charmouth Mudstone 

formation comprising of mudstone.  There is no gauge within the catchment therefore it is 

not possible to check flow estimates against recorded data. 

Table 3-1: Catchment descriptors 

Descriptor Area 
(km2) 

URBEXT SAAR 
(mm) 

BFIHOST DPLBAR DPSBAR 

WIN_01 0.84 0.062 694 0.375 0.83 80.5 

Definitions for catchment descriptors can be found here 

 

 
Figure 3-1: Hydrological catchment 

3.2 Climate Change 

Sudbrook lies within the Severn Vale Management Catchment and values used in this study 

have been taken from Flood risk assessments: climate change allowances - GOV.UK 

(www.gov.uk).  Values from the 2080s epoch were used to provide a conservative 

https://nrfa.ceh.ac.uk/feh-catchment-descriptors
https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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prediction, as well as to best represent the lifespan of the proposed residential properties.  

As this is a more vulnerable development the climate change (CC) adjustment for the 

central allowance (+37%) was applied to the 1% AEP scenario and used for sizing the 

proposed new access road culvert.  The higher central allowance (+53%) was also applied 

to the 1% AEP scenario. 

Table 3-2: Climate Change Allowances 

Year Central Higher Upper 

2020s 14% 20% 34% 

2050s 19% 28% 52% 

2080s 37% 53% 94% 

3.3 Flow calculation 

Table 3-3 compares the ReFH2 and the FEH Statistical methods for the model inflows for 

each return period.  The comparison shows that there is a significant difference between the 

two methods, with the ReFH2 method producing considerably higher flows.  The derivation 

of flows and an in-depth comparison of the ReFH2 and FEH statistical method is provided in 

Appendix A.  

Table 3-3: Peak inflows comparison (AEP) 

Design 
event 

Inflow 
Locatio
n 

50% 20% 10% 3.3% 2% 1% 0.5% 0.1% 

ReFH2 
Flow 
(m3/s) 

WIN_01 0.4 0.6 0.7 1.0 1.2 1.4 1.7 2.5 

FEH Stat 
Flow  

(m3/s) 

WIN_01 0.3 0.5 0.6 0.8 0.9 1.1 1.3 1.9 
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4 Hydraulic modelling 

4.1 Model Summary 

A 1D-2D (ESTRY – TUFLOW) model was developed to model the baseline flood risk at the 

site and then represent the proposed access road.  Additional details on the modelling 

approach can be found in Appendix B. 

Table 4-1: Model summary 

Model overview 

Model Name Winnycroft Lane, Gloucester 

Purpose Hydraulic modelling assessment 

Length of modelled 
watercourse (m) 

567 

1D Parameters 
Start time/End time (hours) 0/10 

Timestep (seconds) 0.1 

1D (Estry) cross 
sections 

Surveyed sections 16 

TUFLOW version 2020-10-AD 

2D (TUFLOW) 
parameters 

Timestep (seconds) 0.5 

Start time/End time (hours) 0/10 

Grid size (m) (X, Y) 600, 150 

Cell size (m) 1 

Labelling system 
Labelling consists of a name and a number to identify the chainage (m) upstream 
of the downstream boundary.  For example, SUD01_209 is a cross section of 
Sudbrook and is approximately 209m upstream from the downstream boundary. 

Boundary conditions 

Upstream 

An inflow hydrograph was applied to the model using two flow-
time (QT) boundary units.  40% of the flow hydrograph was 

applied as an inflow directly into the top of the channel and 60% 
of the flow hydrograph was applied as a lateral inflow along the 
length of the watercourse.  This split was based on the shape of 
the catchment. 

Downstream 

A stage-discharge downstream boundary, positioned at a 
distance from the site suitable to avoid impact on upstream 
water levels.  This hydrograph was calculated based on stage-
discharge results extracted from a reach further upstream in the 
model and adjusted for the downstream bed level and then 
extrapolated for the higher stages/discharges. 

Hydraulic Roughness 
values 

1D 

A Manning’s n value of 0.05 was estimated using tables from 
Chow (1959).  No information on bed/bank material or condition 
was provided in the cross-sections to vary the Manning’s n 
values within the channel. 

2D 
A materials layer assigned Manning’s n values based on land 
use.  The values were assigned based on satellite imagery. 

http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm
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Schematic  

  

4.2 Results 

4.2.1 Baseline scenario 

The flood extents in the 2% AEP (50-year), 1% AEP (100-year) and 0.1% AEP (1,000-year) 

scenarios are shown in Figure 4-1.  The climate change flood extents are shown in Figure 

4-2.  Modelled peak flood levels are shown in Table 4-2 at SUD01_327, which is the first 

surveyed cross-section upstream of the location for the proposed access road. 

 
Figure 4-1: Baseline flood extents 
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Figure 4-2: Climate change flood extents 

Table 4-2: Modelled flood levels – SUD01_327 

Event (AEP) Modelled Peak Flood Level (mAOD) 

2% 48.03 

1% 48.06 

1%+CC37% 48.11 

1%+CC53% 48.13 

0.1% 48.15 

 

Water is out of bank at two locations along the modelled watercourse.  The 2% AEP event is 

the first return period which shows water out of banks.  The water level is shown to increase 

upstream of Corncroft Lane where the water backs up when the culverts are flowing full.  In 

the 2% AEP event this overtops the left-hand bank into the floodplain.   

In the 1% AEP event the water level exceeds the bridge headwall and overtops onto 

Corncroft Lane and in the 0.1% AEP event this water flows across the bridge and re-enters 

the channel on the downstream side.  Survey data showed a couple of depressions in the 

bridge surface where the water ponds.  In the 0.1% AEP event there is also some 

overtopping within the site along the left-hand bank of the watercourse in its upstream 

reaches.   

The climate change scenarios do have a significant impact on the extent of fluvial flooding. 

4.2.2 Proposed scenario 

The model was run to include the proposed access road over the watercourse to determine 

the required culvert size beneath the road so as not to impede on flows within the channel.  

The proposed scenario was run for the 1% AEP + 37% climate change event.   

A number of culvert scenarios were tested with a single circular culvert, two circular culverts 

and a box culvert of varying sizes.  The final proposed scenario is two 900mm diameter 

circular culverts which pass the 1% AEP + 37% climate change flow whilst leaving sufficient 
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cover for the access road.  Figure 4-3 shows the flood extents for the proposed scenario 

compared with the baseline scenario.  It can be seen that there are no considerable 

differences when the model results of the new access road and culvert are compared to the 

baseline scenario. 

 

Figure 4-3: Comparison of flood extents for the baseline and proposed scenarios (1% AEP + 37% 
climate change) 

 

The peak in-channel water level at the cross section upstream of the new culvert 

(SUD01_304) is approximately 48.18mAOD.  The culvert soffit is 48.34mAOD, giving a 

freeboard of approximately 160mm.  This is less than the recommended freeboard of 

600mm for the 1% AEP plus climate change scenario, however, a larger culvert would not 

give sufficient cover for the access road.  

4.2.3 Weir testing scenario 

Proposals for a number of attenuation features along the watercourse were suggested to 

reduce downstream flood risk (drawing 21099_02_020_006.2.pdf).  These consisted of a 

0.5m high blockage to flow, with the bottom of the blockage 150mm above a nominal water 

level.  Within the model these blockages were tested with the bottom of the blockage at the 

20% AEP peak water level.  These were tested within the model as both 1D bridge 

structures and box culverts. 

Additionally, a couple of scenarios were tested with the attenuation features represented as 

weir sections restricting the flows in varying amounts.  Figure 4-4 shows an example cross-

section with the two weir representations tested. 
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Figure 4-4: Example cross-sections showing weir representation 

 

None of the scenarios tested were shown to reduce the downstream flood risk.  The narrow 

and steep nature of the channel was shown to limit the potential to use the channel for 

attenuation due to the limited channel capacity.  The short length of the watercourse 

through the site also reduces the opportunities available for flow attenuation.  Some of the 

weir representations were shown to produce a localised reduction in water levels by 

increasing flooding out of banks.  However, this water later returned to the channel within 

the site and did not impact water levels downstream of the site.  The model shows that it is 

the culverts under Corncroft Lane which control the flows out of the site.    

4.3 Sensitivity testing 

Sensitivity tests were undertaken to assess assumptions made in the modelling process.  All 

tests were run for the 1% AEP event for the baseline scenario. 

4.3.1 Roughness 

To test the hydraulic model’s sensitivity to changes in channel roughness, Manning’s ‘n’ 

coefficients in both the 1D and 2D domains have been adjusted by ±20% for the 1% AEP 

event.  Table 4-3 shows a comparison of the sensitivity testing against the baseline scenario 

across the entire model.  

Table 4-3: Analysis of 1D peak water level change (roughness scenario) 

       Scenario Change in peak water level from baseline (m) 

        +20% Maximum 0.07 

Minimum 0.00 

Average 0.03 

       -20% Maximum 0.03 

Minimum -0.07 

Average -0.03 

 

Table 4-3 shows that across the model domain there is an average change in peak water 

level of +0.03m relating to an increase in channel roughness, and a -0.03m in response to a 

decrease in roughness, when compared to the baseline event.  These changes in water level 

are not shown to lead to considerable changes in the flood extent.  The decreased 

Manning’s roughness led to some oscillations in flow in the upstream channel section 

SUD01_479, which is likely due to the Manning’s values being too low for a channel of this 

steepness.  However, these are away from the area of interest and are not shown to 

oscillate throughout the model or affect the water level or velocities in the section.  
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The roughness sensitivity tests were also run for the proposed scenario for the 1% AEP + 

37% climate change event.  The flood extent upstream of the proposed access road culverts 

is shown to be sensitive to the change in Manning’s (Figure 4-5).   

 
Figure 4-5: Comparison of flood extents for the roughness sensitivity testing for the proposed scenario 
(1% AEP + 37% climate change) 

 

Table 4-4 shows the change in 1D peak water level at the cross section upstream of the 

proposed culverts (SUD01_304).   

Table 4-4: Analysis of 1D peak water level change upstream of proposed culverts (SUD01_304) 

Scenario Peak water level (mAOD) Change in peak water level 
from baseline (m) 

Baseline 48.18 N/A 

+20% 48.20 +0.02 

-20% 48.17 -0.01 

 

When Manning’s n is increased by 20% the peak water level is approximately 48.20mAOD, 

which gives a freeboard of approximately 140mm, whilst when Manning’s n is decreased by 

20% the peak water level is approximately 48.17mAOD, giving a freeboard of 

approximately 170mm.  The decreased Manning’s roughness showed similar oscillations to 

those discussed above in the baseline scenario.  There are also some further oscillations in 

channel SUD01_299, downstream of the new access road.  However, these oscillations in 

flow do not affect the velocity through the culverts upstream and are not shown to impact 

the water levels in this section. 

4.3.2 Downstream Boundary 

To test the hydraulic model’s sensitivity to changes in the downstream boundary the heights 

of the 1D HQ boundary were increased by +0.5m whilst keeping the flows the same.  Table 

4-5 shows a comparison of the sensitivity testing against the baseline scenario.  The slope 
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of the 2D HQ boundary was not tested as this is not shown to be used within the current 

modelled events. 

Table 4-5: Analysis of 1D peak water level change (adjustment to downstream boundary)  

       Scenario Change in peak water level from baseline (m) 

+0.5m Maximum 0.50 

Minimum 0.00 

Average 0.03 

 

The model showed that the water levels in the lower reaches of the watercourse are highly 

sensitive to the downstream boundary, with an increase of +0.5m in the water level in the 

downstream reach.  However, the increased downstream boundary was shown to have no 

impact on water levels upstream of the Corncroft Lane and had very minimal impact on the 

flood extents. 

A further test of the HQ boundary was undertaken by developing a small 1D model in Flood 

Modeller of the lower reaches and using the results to extract a HQ boundary which was 

then run for the 10%, 1% and 0.1% AEP events and compared with the baseline results.  

Table 4-6 shows a comparison of the peak water levels.  Figure 4-6 shows a long section of 

the comparison of peak water levels for the 0.1% AEP event, which shows the largest 

differences in water level in the downstream reaches. 

Table 4-6: Analysis of 1D peak water level change (adjustment to downstream boundary)  

Event Change in peak water level from baseline (m) 

10% AEP Maximum 0.08 

Minimum -0.01 

Average 0.00 

1% AEP Maximum 0.21 

Minimum -0.01 

Average 0.01 

0.1% AEP Maximum 0.29 

Minimum -0.01 

Average 0.01 

 

 
Figure 4-6: Peak water levels for the baseline scenario and Flood Modeller HQ boundary test for the 
0.1% AEP event 
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The lower reaches of the model are shown to be sensitive to the change in downstream 

boundary with the largest increase in water level in the downstream reach, however, the 

average change in peak water level is +0.01m for the 0.1% AEP event with less impact in 

the lower return periods and the impact on water levels is minimal upstream of Corncroft 

Lane. 

4.3.3 Blockage 

The blockage of bridges and culverts has the potential to exacerbate flood risk.  To test the 

effect of this, the two culverts beneath Corncroft Lane, downstream of the new access road, 

were modelled as blocked.  The culverts were modelled as having two different levels of 

blockage, 30% and 50%.  The blockage was modelled by reducing the open area in the 

culvert unit in accordance with the blockage level. 

The 1D levels in the section upstream of the Corncroft Lane, SUD01_077, are shown in 

Table 4-7 and the flood outlines are shown in Figure 4-7.  The 1D levels show that upstream 

channel water levels are affected by the blockage percentage.  In the 1% AEP event there is 

a considerable increase in water level with the 30% blockage and then a smaller increase in 

water level when the blockage is increased to 50% due to increased out of banks flow.  

There is a considerable increase in the flood extent at Corncroft Lane, with the water 

overtopping the bridge and re-entering the watercourse downstream in both blockage 

scenarios. 

Table 4-7: 1D Blockage Results – SUD01_077 

Blockage Percentage 1D Flood Levels (mAOD) (change from 
baseline (m)) 

1% AEP 

Baseline (0%) 44.67 

30% 44.81 (+0.14) 

50% 44.84 (+0.17) 

 

 
Figure 4-7: Flood extents – blockage 
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5 Conclusions 

This hydraulic modelling assessment has been used to size the culvert(s) required to pass 

the 1% AEP + 37% climate change flow beneath the new proposed access road and 

produced the following conclusions: 

• Two 900mm diameter culverts are required to pass the 1% AEP + 37% climate 

change flow without increasing the flood risk to the site or elsewhere.   

• The peak in-channel water level at the cross section upstream of the new 

culverts (SUD01_304) is approximately 48.18mAOD.   

• The culvert soffits are 48.34mAOD, giving a freeboard of approximately 160mm.  

This is less than the recommended freeboard of 600mm for the 1% AEP plus 

climate change scenario, however, a larger culvert would not give sufficient 

cover for the access road. 

• A number of weir scenarios were tested to determine the potential to reduce 

flood risk downstream of the site.  However, due to the narrow and steep nature 

of the channel, these were not shown to be effective.  Any reduction in flood 

levels was localised and did not impact the levels downstream of the site. 
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Flood estimation report:  

Winnycroft Lane 

 
Introduction 

This report template is based on a supporting document to the Environment 

Agency’s flood estimation guidelines.  It provides a record of the hydrological 

context, the method statement, the calculations and decisions made during flood 

estimation and the results. 

Contents 

1 Method statement 2 

2 Locations where flood estimates required 5 

3 Statistical method 7 

4 Revitalised flood hydrograph 2 (ReFH2) method 10 

6 Discussion and summary of results 12 

7 Annex 14 
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Abbreviations 

AMAX .......................... Annual Maximum 

AREA .......................... Catchment area (km2) 

BFI ............................. Base Flow Index 

BFIHOST ..................... Base Flow Index derived using the HOST soil classification 

BGS………………………………..British Geological Survey 

CPRE ........................... Council for the Protection of Rural England 

FARL ........................... FEH index of flood attenuation due to reservoirs and lakes 

FEH ............................ Flood Estimation Handbook 

FRA………………………………..Flood Risk Assessment 

HOST .......................... Hydrology of Soil Types 

NRFA .......................... National River Flow Archive 

POT ............................ Peaks Over a Threshold 

QMED.......................... Median Annual Flood (with return period 2 years) 

ReFH ........................... Revitalised Flood Hydrograph method 

SAAR .......................... Standard Average Annual Rainfall (mm) 

Tp(0) .......................... Time to peak of the instantaneous unit hydrograph 

URBEXT1990 ................ FEH index of fractional urban extent 

URBEXT2000 ................ Revised index of urban extent, measured differently from URBEXT1990 

WINFAP-FEH ................ Windows Frequency Analysis Package – used for FEH statistical method

 

 

Note on flood probability 

This document quotes the probability of a flood magnitude in terms of a return period based 
on analysis of annual maximum (AMAX) floods. The return period of a flood on the AMAX 
scale is the average interval between AMAX floods of that magnitude or greater. The inverse 
of the AMAX return period is the annual exceedance probability (AEP).  

Return periods are output by the Flood Estimation Handbook (FEH) software and can be 
expressed more succinctly than AEP.  AEP can be helpful when presenting results to non-

specialists who may associate the concept of return period with a regular rather than an 
average interval.   

Return period can also be measured on the peaks-over-threshold (POT) scale as the average 
interval between floods of that magnitude or greater. The difference between AMAX and POT 
return periods is only important for short return periods (under 10 years). 

The table below is provided to enable quick conversion between these different measures. 

 

AMAX return 
period 
(years) 

n/a 2 5 10 20 30 50 75 100 200 1,000 

AEP (%) n/a 50 20 10 5 3.33 2 1.33 1 0.5 0.1 

POT return 
period 
(years) 

1 1.5 4.5 9.5 20 30 50 75 100 200 1,000 
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1 Method statement 

1.1 Requirements for flood estimates 

Overview 

 

The purpose of this hydrological assessment is to calculate inflows for a 

hydraulic model, to inform a Flood Risk Assessment (FRA). The study site 

is the land to the east of Winnycroft Lane, Gloucester, and is situated to 

the south of the suburb, Matson. 

The scenarios being modelled are the 50%, 20%, 10%, 3.3%, 2%, 1%, 

0.5% and 0.1% AEPs and two climate change uplifts for the 1% AEP 

event (37% and 53%). 

1.2 The catchment 

Map   

 
Figure 1 Catchment map Contains Ordnance Survey data © Crown copyright and database right 2022, and © Environment Agency copyright and 

database right 2021. All rights reserved. 

Description 
 

The site of interest is the land to the east of Winnycroft Lane, situated 

to the south of Matson, Gloucester. There is an unnamed watercourse 

which flows through the site in a north-easterly direction. The 

catchment is small, with a catchment area of 0.84 km² at the site of 

interest. 

The catchment is largely rural, with some urban area in the north-west 

area of the catchment boundary near Matson. The M5 traverses the 

catchment and runs parallel to the southeast of the study site. There 

are some areas of higher ground (approximately 140mAOD) in the 

south-east corner, and the north-west area near Robins Wood Hill. The 
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ground level at the flow estimation point (WIN_01) is approximately 

45mAOD. 

1.3 Source of flood peak data 

Source 

 

NRFA peak flows dataset, Version 10, released September 2021.  

1.4 Gauging stations (flow or level) 

 

Water-

course 

 

Station 

name 

Gauging 

authority 

number 

NRFA 

number  

Catchment 

area (km²) 

Type 

(rated / 

ultrasonic 

/ level…) 

Start of  

record 

and end if 

station 

closed 

Catchment is ungauged  

 

1.5 Other data available and how it has been obtained 

Type of data Data 

relevant 

to this 

study? 

Data 

available

? 

Source of 

data  

Details 

Check flow gaugings  

 

Yes  No N/A Catchment is ungauged. 

Historic flood data 

 

Yes   Online 

search  

There is no information on 

historic flood events, specific 

to the study site, available at 

the time of writing. No 

historic flood events are 

reported at Malton, 

Winnycroft Lane or Corncroft 

Lane  on the Chronology of 

British Hydrological Events 

(CBHE)1.  

Flow or river level data 

for events  

Yes No N/a No gauge data available at 

site of interest. 

Rainfall data for 

events  

Yes  No N/A No gauge data available at 

site of interest. 

Potential evaporation 

data 

No No N/A  

Results from previous 

studies  

Yes  No N/A No previous studies available  

at the time of writing. 

Other data or 

information  

No N/A N/A  

 
1 https://cbhe.hydrology.org.uk/search.php 
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1.6 Hydrological understanding of catchment 

 

Outline the conceptual model, 

addressing questions such as: 

 

The catchment is small (>1km²), largely rural with 

some urban area. The hydrological response to 

rainfall is likely going to be quick responding with a 

short lag time, due to the small catchment size. 

The main site of interest is the land to the east of 

Winnycroft Lane, Gloucester. The main source of 

flooding to the site is likely going to be fluvially 

sourced from the unnamed watercourse which flows 

through the study area.  

Any unusual catchment features to take 

into account?  

 

No. 

 

1.7 Initial choice of approach 

Is FEH appropriate?  Yes. 

Initial choice of method(s) and reasons 

 

Both the ReFH2 and FEH Statistical methods will be 

completed and results compared, before a final 

decision on method is made.  

If the FEH Statistical method is selected, then 

hydrographs shapes will be generated using ReFH2 

and scaled to the Statistical peak flow.  The hybrid 

method will be considered for return periods more 

extreme than 100-years, if the FEH Statistical 

method is selected. 

Software to be used (with version 

numbers) 

 

FEH Web Service2 /WINFAP v53 ReFH2.3  

 

 

 
2 CEH 2015. The Flood Estimation Handbook (FEH)  Online Service, Centre for Ecology & Hydrology, Wallingford, Oxon, UK. 
3 WINFAP-FEH v5 © Wallingford HydroSolutions Limited and NERC (CEH) 2021 
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2 Locations where flood estimates required 

The table below lists the locations of subject sites.  The site codes listed below are used in 

all subsequent tables to save space.   

2.1 Summary of subject sites 

Site 

code 

Type of 

estimate 

L: lumped 
catchment 

S: Sub-
catchment  

Watercourse Name or 

description of 

site 

Easting Northing AREA 

on FEH 

CD-

ROM 

(km2) 

Revised 

AREA if 

altered 

WIN_01 L Unnamed 

watercourse  

Flow estimation 

point downstream 

of the study site, 

at Corncroft Lane. 

395450 214850 0.78 0.84 

Note: Lumped catchments (L) are complete catchments 
draining to points at which design flows are required.   

Sub-catchments (S) are catchments or intervening areas that 
are being used as inputs to a semi-distributed model of the 
river system.  There is no need to report any design flows for 
sub-catchments, as they are not relevant: the relevant result is 
the hydrograph that the sub-catchment is expected to 
contribute to a design flood event at a point further 
downstream in the river system.  This will be recorded within 
the hydraulic model output files.  However, catchment 
descriptors and ReFH model parameters should be recorded for 
sub-catchments so that the results can be reproduced.   

The schematic diagram illustrates the distinction between 
lumped and sub-catchment estimates. 

 

2.2 Important catchment descriptors at each subject site 

(incorporating any changes made) 

Site 
code 

FARL PROPWET 
BFIHOST

19 
DPLBAR 

(km) 
DPSBAR 
(m/km) 

SAAR 
(mm) 

URBEXT 
2000 

FPEXT 

WIN_01 1.000 0.33 0.375 0.83 80.5 694 0.062 0.0511 

2.3 Checking catchment descriptors 

Record how catchment 

boundary was checked 

and describe any 

changes  

The catchment boundaries have been downloaded from the FEH 

Web Service and have been checked against Environment Agency 

1m LiDAR (2020).  The catchment boundary has been extended to 

include an area of land to the east of the watercourse. The AREA 

increased from 0.78km² to 0.84km², which has been calculated 

using QGIS.  
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Record how other 

catchment descriptors 

were checked and 

describe any changes.   

The BFIHOST19 values have been checked against British 

Geological Survey (BGS) mapping. The underlying geology is 

sedimentary bedrock from the Charmouth Mudstone formation 

comprising of mudstone4.  

The URBEXT2000 values has been checked against OS mapping and 

are considered appropriate for the study catchment, which is largely 

rural with some urban areas.  

There are no large storage areas visible on OS mapping and 

therefore a FARL value of 1.000 is deemed appropriate.  

DPLBAR has been updated to account for the increase in catchment 

area as a result of the catchment boundary amendment, and has 

been updated based on a pro-rata between the original and updated 

catchment areas.  

Version of URBEXT URBEXT2000  

Method for updating of 

URBEXT  

CPRE formula from 2006 CEH report on URBEXT2000. 

Source of BFIHOST BFIHOST19 was used in the ReFH2 calculations, since the current 

release (ReFH2.3) was calibrated using BFIHOST19, and also in 

the FEH Statistical method, since this has been found to improve 

the results5. 

   

 
4 https://www.bgs.ac.uk/map-viewers/geology-of-britain-viewer/ 
5 Griffin, A., Young, A. and Stewart, E. (2019). Revising the BFIHOST catchment descriptor to improve UK flood frequency 
estimates. Hydrology Research. 
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3 Statistical method 

3.1 Overview of estimation of QMED at each subject site 

Site 

code 

Initial 
QMED 
rural 

 (m3/s) 
(from 

catchment 
descriptors) F

in
a
l 

m
e
th

o
d

 

Data transfer 

Urban 
adjust-

ment 
factor 

(UAF) 

Final  
QMED 

estimate 
(m3/s) 

NRFA 
numbers 

for 
donor 
sites 
used 

(see 
3.3) 

Distance 
between 
centroids 
dij (km) 

Moderated 
QMED 

adjustment 
factor, 
(A/B)a 

If more 
than one 

donor 

W
e
ig

h
t 

W
e
ig

h
te

d
 a

v
e
. 

a
d

ju
s
tm

e
n

t 

WIN_01 0.3 CD N/A 1.059 0.3 

Are the values of QMED spatially consistent? N/A 

Method used for urban adjustment for subject and 

donor sites 

WINFAP v46  

Parameters used for WINFAP v4 urban adjustment if applicable 

Impervious fraction for 

built-up areas, IF 

Percentage runoff for 

impervious surfaces, 

PRimp 

Method for calculating fractional urban 

cover, URBAN 

0.3 70% From updated URBEXT2000 

Notes 

Methods: AM – Annual maxima; POT – Peaks over threshold; DT – Data transfer (with urban adjustment); CD – Catchment 
descriptors alone (with urban adjustment); BCW – Catchment descriptors and bankfull channel width (add details); LF – 
Low flow statistics (add details). 

The QMED adjustment factor A/B for each donor site is given in Table 3.2.  This is moderated using the power term, a, 
which is a function of the distance between the centroids of the subject catchment and the donor catchment.  The final 

estimate of QMED is:    (A/B)a x QMEDinitial x UAF     

Important note on urban adjustment 

The method used to adjust QMED for urbanisation published in Kjeldsen (2010)7 in which PRUAF is calculated from 
BFIHOST is not correctly applied in WINFAP-FEH v3.0.003.  Significant differences occur only on urban catchments that 
are highly permeable.  

 
6 Wallingford HydroSolutions (2016).  WINFAP 4 Urban adjustment procedures. 
7 Kjeldsen, T. R. (2010).  Modelling the impact of urbanization on flood frequency relationships in the UK. Hydrol. Res. 41. 391-405.  
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3.2 Search for donor sites for QMED (if applicable) 

Comment on 

potential donor sites 

 

A search for potential QMED donor sites within close proximity to the 

study site was undertaken on the NRFA website.  There were no donor 

stations suitable to apply in this case.  All NRFA stations classified as 

suitable for QMED, within an acceptable distance to the study site, had 

a much larger catchment area and would therefore have a different 

hydrological response to a catchment with an area of less than 1km2.  

Possible donor stations closeby are: 

• Chelt @ Slate Mill (54026) – discounted due to being a 

poor station with a short period of record and no 

information about performance at high flows. 

(Catchment area 34.5km²) 

• Sherston Avon @ Fosseway (53023) – Larger catchment 

area and  BFIHOST value above 0.7 indicating the 

catchment is more groundwater dominated and will have 

a different hydrological response. (Catchment area 

89.7km²). 

All of these stations have been discounted as unsuitable due to the 

significant difference in catchment area.  Applying these as donor 

stations is assumed to contribute to greater uncertainty and therefore 

the FEH Statistical QMED estimate is based on catchment descriptors 

alone.  

 

3.3 Donor sites chosen and QMED adjustment factors 

NRFA 

no. 

Reasons for choosing  Method 

(AM or 

POT) 

Adjust-

ment for 

climatic 

variation

? 

QMED 

from 

flow 

data 

(A) 

QMED 

from 

catchment 

descriptor

s (B) 

Adjust

-ment 

ratio 

(A/B) 

No suitable donor stations available. 

3.4 Derivation of pooling groups 

Several subject sites may use the same pooling group. 

Name 

of 

group 

Site code 

from 

whose 

descriptor

s group 

was 

derived 

Subject 

site 

treated as 

gauged? 

(enhanced 
single site 
analysis) 

Changes made to default pooling 

group, with reasons 

. 

Weighted 

average L-

moments, 
 L-CV and L-
skew, (before 

urban 
adjustment)   

SMALL_ 

CATCH 

WIN_01 Ungauged  No changes made to the default 

pooling group. Used in the final 

calculations, as this gives more 

conservative results compared to the 

“Standard” pooling approach. 

L-CV 0.266 

L-SKEW 

0.245 

STANDA

RD 

WIN_01 Ungauged  No changes made to the default 

pooling group. 

L-CV 0.219 

L-SKEW 

0.254 

Note: Pooling groups were derived using the procedures from Science Report SC050050 (2008).   
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3.5 Derivation of flood growth curves at subject sites 

Site 

code 

Metho

d 

(SS, P, 
ESS, J) 

If P, ESS 

or J, 

name of 

pooling 

group 

(Error! R

eference 

source not 

found.) 

Distribution 

used and 

reason for 

choice 

 

Note any 

urban 

adjustment 

or 

permeable 

adjustment 

Parameters of 

distribution  

(location, scale and 
shape after 

adjustments) 

Growth 

factor for 

100-year 

return 

period 

WIN_

01 

P SMALL_ 

CATCH 

GL – 

distribution 

gives an 

acceptable fit 

(absolute Z 

value <1.645) 

and is the 

preferred 

distribution for 

UK catchments. 

WINFAPv4 

urban 

adjustment 

applied 

Location: 1.000 

Scale: 0.269 

Shape: -0.245 

3.25 

Notes 

Methods: SS – Single site; P – Pooled; ESS – Enhanced single site; J – Joint analysis 

A pooling group (or ESS analysis) derived at one gauge can be applied to estimate growth curves at a number of 
ungauged sites.  Each site may have a different urban adjustment, and therefore different growth curve parameters. 

Urban adjustments are all carried out using the method of Kjeldsen (2010).  

Growth curves were derived using the procedures from Science Report SC050050 (2008).  

3.6 Flood estimates from the statistical method 

Site code  Flood peak (m3/s) for the following return periods (in years) 

2 5 10 30 50 100 200 1000 

WIN_01 0.3 0.5 0.6 0.8 0.9 1.1 1.3 1.9 
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4 Revitalised flood hydrograph 2 (ReFH2) 
method 

4.1 Parameters for ReFH2 model 

In accordance with research findings, all catchments with URBEXT2000 up to 0.30 

were modelled as if they were rural. Research on flood estimation in small catchments8 

found that flood frequency estimates on such catchments were more accurate if the 

catchment was treated as rural. This reflects the difficulty of generalising the complex 

and locally-specific effects that urban development has on flood flows.  

 

All catchments Only extremely heavily 

urbanised catchments 

Site code Method 

 

Cmax 

(mm) 

Tprural 

(hours) 

BL 

(hours) 

Area of catchment 

modelled as urban (km2) 

WIN_01 CD 297.1 1.513 27.3 N/A 

Link to details of any lag 

or flood event analysis  

N/A  

Version of the ReFH2 

model applied 

ReFH2.3 using the water balance option.  This treats BR (baseflow 

recharge) as a state variable rather than a parameter, setting it 

automatically in order to conserve volume.  The values of BR vary 

with return period and so are not reported here. 

Parameters for urban 

runoff model 

The impervious fraction of urban areas, IF, was kept at its default 

of 0.4.  

The impervious runoff factor, IRF, (which can also be interpreted 

as the fraction of the impervious surface that is positively 

drained) was kept at its default of 0.7. 

The depression storage was kept at its default of 0.5mm. 

Tp for runoff from areas modelled as positively drained was 

calculated as 0.75 times Tprural. 

Methods: OPT: Optimisation from fitting to observed flow data, BR:  Baseflow recession fitting, CD:  Catchment 
descriptors, DT:  Data transfer (give details) 

4.2 Design events for ReFH2 method: Lumped catchments 

Site code Urban or 

rural 

Season of design event 

(summer or winter) 
Storm duration (hours) 

WIN_01 Rural Winter 2hr 45min 

Are the storm durations likely 

to be changed in the next 

stage of the study, e.g. by 

optimisation within a 

hydraulic model? 

Storm duration testing will be completed as part of the 

hydraulic modelling phase.  It is recommended the 

following storm durations are tested initially and further 

flows can be derived through an iterative process if 

required: 

• 1hr15, 2hr45 and 4hr15 

 

 
8 Stewart, Lisa, Duncan Faulkner, Giuseppe Formetta, Adam Griffin, Tracey Haxton, Ilaria Prosdocimi, Gianni Vesuviano 
and Andy Young (2021). Estimating flood peaks and hydrographs for small catchments (Phase 2). Report – 
SC090031/R0, Environment Agency. 
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4.3 Flood estimates from the ReFH2 method 

Note: This table is for recording results for lumped catchments.  There is no need to record peak flows from 
sub-catchments or intervening areas that are being used as inputs to a semi-distributed model of the river 
system. 

Site code  Flood peak (m3/s) for the following return periods (in 

years) 

2 5 10 30 50 100 200 1000 

WIN_01 0.4 0.6 0.7 1.0 1.2 1.4 1.7 2.5 
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6 Discussion and summary of results 

6.1 Comparison of results from different methods 

This table compares peak flows from the ReFH2 method with those from the FEH Statistical 

method at example sites for two key return periods.   

Site 

code 

Ratio of peak flow to FEH Statistical peak 

Return period 2 years Return period 100 years 

ReFH/ FEH Statistical ReFH / FEH Statistical 

 WIN_01  1.33 1.27 

 

6.2 Final choice of method 

Choice of method and 

reasons   

ReFH2 has been selected as the final choice of method to derive flows 

for the hydraulic model. As there is no clear reason to select one 

method over the other in this case, the method producing the most 

conservative results has been selected. As the purpose of this study 

is for an FRA, modelling the worse-case scenario is considered 

appropriate. It is recommended that once the hydraulic modelling has 

been built, a sense check on the results should be considered.   

How will the flows be 

applied to a hydraulic 

model? 

 

A point inflow will be applied at the upper extent of the model, using 

the WIN_01 hydrograph. 

6.3 Assumptions, limitations and uncertainty 

List the main assumptions 

made (specific to this study) 

 

The main assumptions are: 

• The catchment descriptor method provides a reliable 

estimate of flood flows using ReFH2  

• In the absence of local flow data, uncalibrated ReFH2 is 

assumed to offer a suitable choice of method. The 

slightly greater flows are favoured over FEH Statistical, 

but there is no apparent reason (at present) to choose 

one method over the other. 

Limitations The main limitation of this hydrological analysis is the lack 

of hydrometric data.  The catchment is ungauged at the site 

of interest, and there are no flow data available to compare 

the results of this hydrological assessment to. 

Uncertainty Confidence limits for the ReFH2 results are presented in 

Section 6.8. 

Suitability The flood estimates in this report are intended for informing 

hydraulic modelling of the unnamed watercourse, near the 

site of interest for this study (Winnycroft Lane, Gloucester).  

The calculations could be useful in future studies if 

assessments are required for sites nearby. 

Give any other comments on 

the study 

N/A 
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6.4 Checks 

What is the range of 100-year 

growth factors?  Is this 

realistic?   

The 100-year growth factors for the methods are: 

• ReFH2: 3.67 

• FEH Statistical: 3.25 

 

If 1000-year flows have been 

derived, what is the range of 

ratios for 1000-year flow over 

100-year flow? 

The 0.1% / 1% AEP event ratios for the methods are: 

• ReFH2: 1.79 

• FEH Statistical: 1.73 

 

How do the results compare 

with those of other studies? 

Explain any differences and 

conclude which results should 

be preferred. 

No studies to compare to at the time of writing. 

Are the results compatible with 

the longer-term flood history? 

No long term flood history to compare. 

Describe any other checks on 

the results 

N/A 

6.5 Final results 

Site code  Flood peak (m3/s) for the following return periods (in 

years) 

2 5 10 30 50 100 200 1000 

WIN_01 0.4 0.6 0.7 1.0 1.2 1.4 1.7 2.5 

 

If flood hydrographs are needed for the next stage of 

the study, where are they provided?  (e.g. give 

filename of spreadsheet, hydraulic model, or reference 

to table below) 

N:\2022\Projects\2022s0815 - M-

EC Consulting Development 

Engineers - Winnycroft Lane, 

Gloucester 

(2\1_WIP\HO\Non_Graphical\06_R

esults 

 

6.6 Confidence limits 

This table reports the flows derived from the uncertainty analysis detailed in Section 6.3. The ‘true’ 
value is more likely to be near the  estimate reported in Section 6.5 than the bounds.  However, it 
is possible that the ‘true’ value could still lie outside these bounds. 

% confidence  Flood peak (m3/s) for the following return periods (in 

years) 

68 2 100 

Site code Lower Upper Lower Upper 

WIN_01 0.3 0.6 1.0 2.1 
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7 Annex  

 

7.1 Small catchment pooling group 
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B Hydraulic Modelling 

B.1 1D Roughness 

A Manning’s n value of 0.05 was used to represent the channel bed and banks roughness. 

B.2 1D Structures 

A Manning’s n value of 0.017 was used to represent the roughness of the 1D structures. 

B.2.1 Baseline 

There are two 1D structures in the baseline model.   

Between cross-sections SUD01_153 and SUD01_159 there is a 600mm diameter culvert 

represented in 1D as a circular culvert with a weir spill section.  This culvert is represented 

with a 60% blockage as the survey provided showed it was partially buried within the 

watercourse bed. 

Further downstream between cross-sections SUD01_062 and SUD01_077 there are two 

550mm diameter culverts passing under Corncroft Lane represented in 1D as two circular 

culverts.  The road is represented in 2D with HX lines allowing water to overtop the culverts 

and spill onto the road and back into the channel. 

B.2.2 Proposed 

As well as the two 1D structure in the baseline model there is an additional 1D structure in 

the proposed model scenarios.  

An interpolated cross-section was added in (SUD01_304) and the bed level of the baseline 

cross-section at SUD01_299 was raised to add a culvert with the following properties: 

• Upstream invert level: 47.440 

• Downstream invert level: 47.410 

• Gradient: 1:500 

• Length: 15.116m 

The following culvert types and dimensions were tested: 

• 1 x 600mm diameter circular pipe 

• 1 x 1125mm diameter circular pipe 

• 1 x box culvert (2000mm wide x 900mm high) 

• 2 x 900mm diameter circular pipes 

B.3 Weir testing 

Proposals for a number of attenuation features along the watercourse were provided to 

reduce downstream flood risk (drawing 21099_02_020_006.2.pdf).  These proposed 

features were tested in the model in two formats: 

• A 1D bridge structure with the base of the bridge at the 20% AEP peak water level 

and the bridge soffit 0.5m above this. 

• As a 1D box culvert with a weir spill, with the culvert invert at the bed of the channel 

and the culvert soffit at the 20% AEP peak water level. 

Two additional scenarios were also tested by representing the attenuation features as weir 

sections: 

• In the first scenario the weir blocked approximately a third of the channel on 

each side, allowing flow freely through the central third of the channel (Figure 

B-1, left).  The weir height was approximately half the bank height of the 

channel. 
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• In the second scenario the weir blocked approximately two fifths of the channel 

on each side (Figure B-1, right).  The weir height was approximately three 

quarters of the bank height of the channel and the bottom of the weir was raised 

above the level of the channel bed to also obstruct low flows. 

 

  

Figure B-1: Example cross-sections showing weir representation 

 

B.4 TUFLOW Control files 

Table B-1: TUFLOW files 

File Description 

SUDBROOK_~e1~_~s~.tcf Controls the data flow, non-GIS parameters and 1D run 
parameters and GIS layers, which vary across the different 
scenarios. 

SUDBROOK_001.tef Defines the events to be run. 

SUDBROOK_001.trd Controls the 2D run parameters, including timestep, model 
duration, output location and 2D outputs.  The output location 
varies between scenarios and the model duration changes for 
the different storm duration tests. 

..\Model\TGC\SUDBROOK_001.tgc Controls the 2D topography related inputs.  Entries vary 
between the different scenarios. 

..\Model\TBC\ SUDBROOK_001.tbc Controls the location of the downstream 2D boundary, which 
is consistent for each scenario, and the location of the 1D-2D 
connections which vary between the different scenarios. 

..\Model\TMF\SUDBROOK_001.tmf Provides a lookup to assign Manning's n values to land use 
areas in the 2D extent (Figure B-1). 

..\Model\TMF\SUDBROOK_Mannings_Plus_001.tmf Provides a lookup to assign Manning's n values to land use 
areas in the 2D extent.  These are increased by 20% from the 
Manning’s n values used in the baseline model for sensitivity 
testing. 

..\Model\TMF\SUDBROOK_Mannings_Minus_001.tmf Provides a lookup to assign Manning's n values to land use 
areas in the 2D extent.  These are decreased by 20% from the 
Manning’s n values used in the baseline model for sensitivity 
testing. 
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B.5 2D Roughness 

 
Figure B-2 Materials and Manning’s n for the baseline model 

B.6 2D model build 

Area of 2D domain: 0031km2 

Zshapes have been used to enforce certain levels in the model.  These levels have been 

derived from survey and may differ to the base LiDAR.  The below table shows the Zshapes 

used: 

Scenario Name Purpose 

Baseline 2d_zsh_SUDBROOK_Road_P_002.shp 

2d_zsh_SUDBROOK_Road_R_001.shp 

Enforces the level of the 

existing road to better 

represent any 

overtopping of the 

culverts at this location. 

Proposed 2d_zsh_SUDBROOK_New_Road_R_002.shp Enforces the level and 

location of the proposed 

access road. 

 

B.7 Model stability 

B.7.1 Flow and Stage Profiles 

Water levels and flows have been checked through the hydraulic model for the 1% AEP and 

the 0.1% AEP events.  There are minimal oscillations through the model and do not provide 

an area of concern. 
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B.7.2 Other Stability checks 

A series of other stability checks have been conducted for the hydraulic model.  The first 

was checking the change in the volume of water between the 1D and 2D domain (dVol).  

Figure B-3 and Figure B-4 show the dVol plot for the 1% AEP event and the 0.1% AEP event 

respectively.  The plots are shown to be relatively smooth limited small oscillations which 

indicate the model is relatively stable and does not show water rapidly transferring between 

the 1D and 2D domain. 

 
Figure B-3 1% AEP dVol 

 

Figure B-4 0.1% AEP dVol  
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Another indication of model stability is cumulative mass error.  Typically, during a stable 

model run the cumulative mass error will have a value between ±1%.  Figure B-5 and 

Figure B-6 show the mass balance recorded during the model run for the 1% AEP and the 

0.1% AEP event.  The 1% AEP model run shows a spike outside of the tolerance in the 

cumulative mass error early in the model run but the mass error stabilises before the main 

flood event. 

 

 

Figure B-5 1% AEP Cumulative Mass Error 

 
Figure B-6 0.1% AEP Cumulative Mass Error 
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