
Bessy Brook is a steep, flashy catchment and the main watercourse 
passes through a 270-metre long steep culvert beneath a railway 
line before joining Middle Brook at Lostock Junction, Bolton (United 
Kingdom).  Several properties are at flood risk from a flow route 
that originates at the upstream face of this culvert and there was, 
therefore, a need to accurately model this watercourse to inform 
an Outline Business Case (OBC) that is seeking to protect these 
properties.  The baseline risk from Bessy Brook was then assessed 
by creating an industry standard Flood Modeller-TUFLOW hydraulic 
model as part of a pre-OBC study.

JBA Consulting were commissioned by the Environment Agency 
to carry out flood modelling on the Bessy Brook and Middle Brook 
watercourses, near Bolton, to produce a baseline model that could be 
used to inform the development of an Outline Business Case (OBC).  
The OBC will be centred on protecting properties in the Lostock area 
of Bolton which have been subject to past flooding, most recently 
on 26th December 2015. As the model was to be used for future 
appraisal work it was vital to configure a reliable model that replicated 
past flow routes and allowed for high definition modelling of the 
urban floodplain. The model results from this study predicted a 20% 
AEP threshold to property and a 10% AEP threshold to the railway 
line. 

• Steep narrow watercourse 
with an average gradient 
of approximately 1 in 30 
metres between source 
and confluence.

• Overtopped at least 
four times in the last 19 
years, flooding up to 25 
properties (on Boxing Day 
2015 - read report).

• Local flood risk 
exacerbated by at-risk 
properties being located 
in a topographically 
depressed area, where 
floodwater can collect.

• The final model used 
to test ‘Do Nothing’ and 
various other scenarios, 
which will be used to 
inform the OBC.

• Flood Modeller was used 
to define the detailed 
internal geometry of the 
main culvert as supplied in 
a CCTV survey; inc. shape 
changes, manholes and 
bends.
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Sudbury Drive Inlet (December 2015) - Source: JBA Consulting 
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“We decided to use Flood 
Modeller’s 1D river solver 
due to the extensive range 
of hydraulic structures and 
other features available 
in Flood Modeller, as the 
model included a reservoir, 
numerous culverts and a 
debris screen critical to 
flood risk. The software also 
proved to be robust and 
efficient when modelling 
the steep watercourse of 
Bessy Brook. Viewing and 
comparing results between 
the baseline and numerous 
scenarios we modelled 
was simplified by the tools 
available to easily plot 
results within the software.”

Ellen Broad
Chartered Senior Analyst
JBA Consulting
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The Bessy Brook reach was created as part of a larger model that 
also included Middle Brook.  Both watercourses had previously been 
modelled (Bessy Brook using ESTRY-TUFLOW and Middle Brook 
using Flood Modeller only) but a Flood Modeller -TUFLOW approach 
was considered more appropriate for the new-build model.  Although 
Middle Brook is the larger watercourse, Bessy Brook is much steeper 
in nature and culverted for 270 metres upstream of its confluence 
with Middle Brook. The steep nature of Bessy Brook may have 
influenced the decision to use ESTRY in the past, but this time JBA 
Consulting decided to use Flood Modeller due to recent experience 
in modelling similarly steep watercourses using Flood Modeller.  The 
use of Flood Modeller also made it easier to represent the reservoir, 
from which Bessy Brook originates, and the critical debris screen at 
the main culvert inlet. 

To achieve a stable 1D representation of a steep watercourse such as 
Bessy Brook, a number of modelling techniques were required:

• Survey and photos were analysed to determine where spill units 
could be included to represent small weirs or cascades;

• Additional nominal weirs were added, as necessary, where there 
were significant drops in bed level between surveyed sections;

• Interpolates were added to give Flood Modeller more locations to 
compute water levels and reduce the chances of instability;

• The model uses an Automated Preissmann slot to prevent the 
bed from drying up (particularly in the reservoir spillway at the 
upstream of the model); and

• Minimum flows were added, as necessary, to the model inflows 
to ensure there remains a suitable depth of water in the channel.

• Top and bottom slots were added to conduit units, as necessary to 
maintain either low or high flow stability. 

Flood Modeller was proved advantageous when comparing the 
baseline results with the results of the scenario modelling due to the 
ease with which the model results from the various different scenarios 
and events could be plotted. Flood Modeller’s 1D river solver was 
selected due to the extensive range of hydraulic structures and 
other features available in Flood Modeller, as the model included a 
reservoir, numerous culverts and a debris screen critical to flood risk.


