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The results of the linal calibration show that a similar shape is maintained to the 
hydrographs however the modelled peak stage at Waterloo and St George's gauges are 
lower than when a higher SPR value is used. Table 7.3 summarises the difference in 
peak water levels for the final calibration. 

Table 7 .3 - River Banwell Final Calibration Peak Level Summary 

Event Gauge Recorded Modelled Peak 

Peak (mAOD) 

(m A.OD) 

October 2000 Waterloo Bridae 5.277 5.147 

October 2000 St Georaes 5 .078 5.024 

November 2000 Waterloo Bridae 5 .086 4.9 

November 2000 StGeomes 4 .968 4.693 

November 2001 Waterloo Bridae 4.806 4.677 

November 2001 St Georges 4.392* 4.~• 

* Peak of the event not pleked up however value lndlcatee peak of recorded data 

** Peak of modelled water levels for same period of recorded data 

Difference In Peaks 

(m) 

0.130 

0.054 

0 .186 

0 .275 

0 .129 

0.033 

The difference between modelled and recorded peak water levels for the three events 
vary depending on the event considered. The calibration process attempted to ensure 
that the largest of the three events fell within a 150mm difference between modelled and 
peak stage, hence applying a 1.3 factor to the FEH SPR values of the model inflows. 
The same parameters were then transposed into the remaining two calibration events. 
The results of the November 2000 event were outside what would be desired, with the 
difference in peak levels being greater than 150mm however two of the three events fall 
within this confidence limit. The November 2000 event is also the smallest of the three 
events and our focus is primarily on extreme flooding rather than every day water levels. 
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inland up the river system as the head of water 'trapped' downstream of the railway 
culvert builds. The head builds due to relative high bank/ground elevations downstream 
of the railway, confining water to the channel compared to levels above the MS 
Motorway, where water readily spills to the floodplain over the tow bank crest elevations, 
which draws down the water level in the upper part of the system. 

Figure 8.2: Railway Bridge Con&lrlctlon (looking al upstream face) 

The seasonality of flood events for the catchment suggests that higher magnitude flood 
events occur more commonly during winter than in summer, therefore it is more likely 
that winter penning rules would be in operation during the time of a large flood event 
(this however may not be the case with climate change). Therefore analysis was 
undertaken to determine the effect of the operating rules at New Bow Sluice on the 
same design event. 

Figure 8.3 shows that for low magnitude events (1 in 2 years) the backwater effect of a 
summer penning level at New Bow Sluice compared to a winter penning level reaches 
upstream of Waterloo Bridge, almost 6 kilometres upstream. However, in higher 
magnitude events (1 in 20 years and above) the penning level of New Bow Sluice 
makes no difference to peak water levels. These findings may be partly due to having 
used a MHWS tide curve for the duration of the model run (approximately 10.5 day 
therefore 21 tidal cycles) however it is a fair assumption that the capacity of New Bow 
sluice is not sufficient to drain a large volume of water in sufficient time for a catchment 
with a very shallow gradient. 
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8.1 Introduction 
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This section of the report describes the results and findings of the various baseline 
present day scenario model results. 

8.2 Maximum Water Levels 

The maximum water levels for the baseline model runs (both summer and winter 
penning at New Bow Sluice) can be found in Appendix B. 

The analysis of the peak water levels from the various model runs shows that the 
catchment under certain conditions behaves like that of upland river systems; however 
under other conditions it behaves in a much different manner. Figure 8.1 shows the 
maximum water level along the River Banwell for a selection of different return periods. 

River Banwell Maximum Water levels 
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Figure 8.1: River Banwell Maximum Water Levels 

For low order events (up to 20 year return period) the River Banwell results appears like 
any upland river system with maximum water levels decreasing with distance 
downstream. However, for larger magnitude events the combination of a large flood 
volume and tide locking causes a change in the pattern of flooding. 

The flooding mechanism in larger magnitude events is that water flows into the River 
Banwell along its reach, approximately 50% entering upstream and 50% downstream or 
the Railway/MS Motorway. As the water levels rise due to tide locking, the reach 
downstream of the Railway rises at a faster rate than that upstream of the railway. This 
is due to the backwater effect of the railway culvert which has a limited flow capacity 
(see Figure 8.2). At the timing of the peak of the flood event, water attempts to flow 
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River Banwell Maximum Water Levels for Different New Bow Sluice 
Operations 
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Figure B.3: Effects of New Bow Sluice Penning Operations 

8.3 Flood Extent 

The flood extents for the baseline model can be found in Appendix A, Figures 1 to 11. 

In the 1 in 2 year event, a low magnitude event the flood extents are mainly focussed 
within the drainage network to the east of the MS, a small area near between the A370 
and Whorle train station and north of Locking (within an area enclosed by the A370, 
A371 and M5). Flooding also occurs in the low order events to an area of parkland, 
north-west of Walford Avenue. 

As the magnitude of flooding increases, the flood extents become more prominent at 
Way Wick and north of Locking. Outside of the main concentrations of flood extents, it 
is evident that the main drainage network continues to be utilised. It is only in events of 
a greater magnitude than a 1 in 100 that the wider drainage network is significantly over 
capacity and the flood extents greatly increase. 

The high order events (greater than 1 in 100 years) would result in prominent flood 
extents along the left and right banks of the River Banwell upstream of the MS, across 
the Great Rhyne network between the A371 and A370 and an area between the Worle 
train station and the A370. There are no significant flood extents downstream of the MS 
along the River Banwell, only within the small area of parkland on the left bank which 
occurs in the low magnitude events and on the edge of Ebdon. 
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8.4 Sensitivity 

8.4.1 Introduction 
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A series of sensitivity tests have been performed on the baseline scenario hydraulic 
model. These tests have been performed in order to gain confidence that changes in 
value of a key parameters will not significantly affect peak water levels. 

The results for the 1 in 100 year 83 hour storm duration model has been used as a 
baseline for which to compare the results of the various sensitivity tests that were 
performed. 

8.42 Roughness 

Two sensitivity tests were performed on model roughness coefficients within the model. 
The ISIS 'Global' roughness tool was used to change all roughness by +/- 20% including 
within bridge units within the model. The results of these two model runs are compared 
with the baseline model results in Appendix A, Figures 24 and 25. 

The results show that the majority of water levels from Banwell Village to the confluence 
with West Wick Rhyne vary by approximately 0.01 Sm from that of the baseline, with a 
maximum variance of +/- 0.060m being seen. From West Wick Rhyne to New Bow 
Sluice, the results are gradually reversed with a variance of up to 0.010m being seen in 
maximum water level. 

These findings are a result of water entering a tide locked system. The animation of the 
resuilts shows that when the system is not tide tocked the increase in roughness 
coefficient gives higher levels throughout the system as would be expected. Despite 
these complex interactions, the results show that the change in maximum water levels 
due to the change in roughness coefficient is not significant in the River Banwell. 

A more marked change comes in the change in peak water levels in the floodplain. The 
change in water levels within the reservoir units varies between -0.735 and +0.553m 
from the baseline condition. However these changes in water level should be viewed in 
relation to the change in volume that spills lo the floodplain; a change in water level of 
500mm may only relate to a fractional change in inundation of the floodplain. There is a 
very steep incline to the area/elevation volume relationship at shallow depths of flooding 
of the reservoir units due to the capacity of drains and Rhynes within the floodplain, 
therefore Figures 24 and 25 in Appendix A gives a better representation of these 
changes. 

The -20% in roughness results in smaller flood extents compared to the 100 year 
baseline in section 8.3. Most notably the main areas of flood extent (east of Way Wick, 
an area between the A370 and Worle train station and north of Locking) reduce and 
other areas of flooding are not experience. This is shown from there being no flood 
extents in the areas south of West Wick, adjacent to the MS and right of the MS (south 
west of Way Wick). 

River BanweU Modelling Report 
Revised Final Report 

9'v'V7535JR/301907/PBor 
March 2013 



~ oyat 
HaskonlngDHV 
E"hancing Soclriy Togrthrr 

The flood extents for the +20% roughness show less notable differences compared to 
the baseline 100 year event. There are no new areas of flooding, only the extents 
increase slightly. 

River Banwell Roughness Coefficient Sensitivity Results 
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Figure B.4: River Banwell Changes In Peak Water Level due to Change In Roughness Coefficient 

8.4.3 Spill Coefficient 

Tests were perfom,ed to detem,ine the sensitivity of the model results to an increase in 
lateral spill coefficients. Spill coefficients were increased by 100% for this test (from 0.3 
to 0.50) for lateral spills to the floodplain only. 

The result from this test shows that the maximum water level along the River Banwell is 
decreased by up to 0.020m. This is due to raising the efficiency of the spills which 
decreases the head of water flowing over the spill and therefore the maximum stage in 
the channel. The knock on effect of lower levels in the Banwell is that the rest of the IDB 
system water levels (in channel) are also lower as the backwater levels is reduced in the 
Banwell. The resultant change in flood outline can be seen in Figure 26 of Appendix A. 

The change in spill coefficient has increased the volume of water that spills to the 
floodplain from the watercourses in the model. 
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Figure 8.5: River Banwell Changes In Peak Water Level due to Change in Spill Coefficient 

8.4.4 Structure Types 

Some simple analysis was undertaken on the model in order to detennine the impact 
that using different structure units in the model on water levels. The analysis focused on 
the water levels along the reach from upstream of the A370 slip road to downstream of 
the MS and railway. It was realised that this area may potentially be sensitive due to the 
constriction on the watercourse caused by the size of the railway culvert. 

The reach on the River Banwell from the A370 slipway to the railway has been modelled 
either as bridge or culvert units (without inlet and outlet losses due to instability 
problems) in order to determine the impact of using different approaches to structures 
on peak water levels. The results of this analysis (see Figure 8.6) show that the 
maximum difference in peak water level is less than 10mm. Levels downstream of the 
confluence with the West Wick Rhyne have increased by approximately 5mm while the 
levels upstream of this point in general have decreased by up to 5mm. Peak water 
levels in the floodplain are relatively unchanged with a peak decrease in water level of 
0.124m. 

This is further shown by Figure 23 in Appendix A, where the overall flood extents have 
decreased slightly in the structure sensitivity test. 
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Figure 8.6: River Banwell Changes rn Structure Schematlsation 
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9 POST DEVELOPMENT RESULTS 

9.1 Introduction 

This section of the report discusses the results of the post development modelling and 
compares the water levels to the baseline model results. 

9.2 Maximum Water Levels 

The River Banwell maximum water levels for Options 2A and 2D with both winter and 
summer penning at New Bow Sluice can be found in tabulated form in Appendix B. 

Figure 9.1 shows a comparison of peak water levels for Options 2A and 2D for selected 
return periods. 

River Banwell Option 2A and 2D Maximum Water Levels 
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F lgure 9.1: River Banwell Option 2A and 2D Peak Water Levels 

Figure 9.1 shows that the level at which the floodplain is lowered will affect the peak 
water level along the River Banwell. The difference in peak water level of the two 
options is more marked at lower return periods. 

Figure 9.2 shows the difference in peak water levels for summer and winter penning at 
New Bow Sluice for Option 2A for selected return periods. The results show that the 
peak water level is only affected in low magnitude events. For events greater than 1 in 
20 years, the water levels in the channel are almost identical, irrespective of penning 
level. 
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River Banwell Maximum Water Levels for Different New Bow Sluice 
Operations 
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Figure 9.2: River Banwell Option 2A Summer and Winter Penning Peak Water Levels 

Figure 9.3 shows a comparison of peak water levels in the River Banwell for the 
baseline and Option 2A scenarios. 

River Banwell Comparison of Maximum Water Levels 
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Figure 9.3: River Banwell Option 2A and 2D Peak Water Levels 
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Water levels in other parts of the system fluctuate depending on proximity to the lowered 
floodplain and increase (if any) in development runoff. Figures 9.4 and 9.5 show the 
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long section results for the 1 in 100 year return period inclusive of climate change in 
Cross and West Wick Rhynes. 

Cross Rhyne peak water levels increase in the Option scenarios by approximately 
70mm due to the increased runoff from the new development, and the loss of floodplain 
storage in the area. This is not a significant increase and minor rhyne improvements 
within this area will help to mitigate this. This also has a knock on effect in the upper 
reaches of the West Wick Rhyne. West Wick Rhyne water levels are lower downstream 
of the MS flapped outlets for the Option as the water levels in this reach are directly 
affected by levels In the River Banwell. Upstream of the MS flapped outlets water levels 
are higher with the option due to the increased runoff from the new developments. 
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Figure 9.4: Cross Rhyne Option 2A and 2D Peak Waler Levels 
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Figure 9.5: West Wick Rhyne Option 2A and 2D Peak Water Level 
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9.3 Flood Extent 

In the 1 in 2 year event the flood extent shows flooding along the drainage network with 
the main concentration of flooding around the A370 and A371 boundary. The main flood 
extent areas to the east of Way Wick (right bank of River Banwell), south east of the 
Whorle train station and the area between the A370 and A371 increase as the 
magnitude of flood events increase. 

Post development there is a significant reduction in the flood extents east of the MS, 
near West Wick. This is shown in Figure 9.6, which compare the baseline against the 
post development flood extents. 

Figure 9.6: Flood extents for 1 In 100 year event; left: baseline, right; post development 

During flood events greater than the 1 in 100 year event, there is a significant increase 
in flood extent across the whole area. In particular along the left bank of the River 
Banwell, upstream of the MS and a smaller area of flooding becomes more prominent 
south of West Wick. 

9.4 Frequency of Flooding 

It is hard to determine how often the ground that has been lowered as part of the option 
will be utilised as it is not possible to predict future weather events. However it is 
possible to analyse historical data to obtain an idea how often it may occur in the future 
if similar weather patterns occur. 

Analysis has been undertaken on the frequency of inundation of the lower floodplain 
utilising the St Georges level data collected from 1992 to 2005. St Georges gauge has 
been used rather than Waterloo Bridge as it is much closer to the site where ground 
lowering will occur. Levels above 4mODN are plotted in Figure 9.7. Figure 9.7 only 
shows data from 1997 onwards due to no data being recorded above 4.0mODN prior to 
this date. 

The hydraulic model suggests that as water levels rise in the River Banwell, there is an 
approximate 100mm difference in water level between nodes Banw_ 4129 (St Georges 
Gauge) and Banw_3440 (upstream limit of the ground lowering). Therefore it is believed 
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that a recorded water level of 4.SmODN or 4.85mODN would be sufficient to cause 
water to flow onto the lowered ground in Options 2A and 20 respectively. 

The relationship between the St Georges gauge and the northern limit of the ground 
lowering described above may be affected by tide locking and therefore the assessment 
of how often the towered ground will be flooded has induded a 100mm bound i.e. 
considering a level of 4.4mODN to 4.SmODN for Option 2A and 4.75mODN to 
4.85mODN for Option 20. This Is shown in Figure 9.7. 
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Figure 9.7: St Georges Gauge Historic Level Data 
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There are some issues with the data for August 2001 and July 2003, where the water 
levels appear to be very 'spikey'. The analysis was undertaken assuming these periods 
of the record was only one large event as it was not possible to differentiate if they were 
several events or 'noise' within the data. 

If Option 2A is considered, the historic record suggests that the water level rose above 
4.4mODN on approximately 150 occasions and above 4.5mOON approximately 100 
times within the 7.5 years of record analysed. This suggests that the lowered floodplain 
would flood 13 to 20 times a year on average. 

If option 20 is considered, the historic record suggests that the water level rose above 
4.75mODN on approximately 25 occasions and above 4.85mODN approximately 15 
times within the 7.5 years of record analysed. This suggests the lowered floodplain 
would flood 2 to 4 times a year on average. 

9.5 Duration of Flooding 

The change in geometry of the channel in Options 2A and 2D not only cause a change 
in the peak water level in the River Banwell, but a change in the shape of the 
hydrograph. Figures 9.8 to 9.11 show a series of hydrographs (47 hour storm duration) 
at a series of model node locations. Table 9.1 gives reference to the location of the 
model nodes in Figures 9.8 to 9.11. 
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Table 9.1 - Model Node Locations 

Model Node Location 

Banw_3440 River Banwell at the upstream end of the reach where floodplain lowering will be 

undertaken. 

lhb 2904 Series of nonds uostream ofthe outfall of the Grumbleolll Into the River Banwell 

We_4310 Right hand bank floodplain between the West Wick and Cross Rhyne upstream 

of the A371 crosslno 

Wolv_0570 Wolvershlll Rhyne between the golf course off Churchland Way and the 

Grumbleolll Rhvne 
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Figure 9.8: Duration of Flooding at lhe Proposed Lowered Floodplain 
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Figure 9.9: Duration of Flooding In the Grumbleplll Rhyne (Outfall) 

River Banwell Modelling Report 

Revised Final Report -64-
9W7535/R/301907/PBor 

March 2013 



,.. 
.. 

i 
l '-' 

J 

., 

.. 
u 

.. 
i 
I Y 

f .. 
., 
.. 
" 
<O 

f ,, 
., 

' r .. 
., 

" 

2 Year Summer Penni,. • Node We_ 4310 

.. 

S Year Summer Penni,. • Node We_ 4310 

- , tp .......... 
- \ t\•f"ll•~-- 11. 

- , --. . (, .... n 

100 Year Summer Palnlnc • Node We_4310 

- WJ•~-1.kf-·• 
- m•••wt.,.-1a 
- UN'N:•'--""lU 

--------------- --

... 

,. 

f 
I •~ 

I 
" 

u 

.. 

.. 
" 

i 
t •• 
J ., _ 

• 

~ Royal 
HaskonlngDHV 
Enhancing Socifty Togtlhtr 

2 Year Winter Pennln1 . Node we_ 4310 

.. .... 

5 Year Winter Pennna • Node We_ 4310 

--

_ .. , ...... , ..... ,._ .... ,,. 
.,._..,.,, .. ,"'.a,,i-,o 

- w ..... , .......... . 
_ ..,....,. " ... • Clvl• ... 1• 

_ ,..,.. .. 1 .... ('lpl • ., ;,G 

100 Year Winter Pemlnc • Node We_4310 

-tll"""'t;ai" • UtftN, 
_ ,__.,..~~(llpl'W'.&a 

- ,-l'ttf- ftf,~-.,cJt,! M 

Figure 9.10: Duration of Flooding In the Floodplain Upstream of the /U70 on Cross Rhyne 
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Figure 9.11: Duration of Flooding in the Wolvershill Rhyne 

The modelled results for the River Banwell at model node Banw_3440 shows that the 
floodplain loweling causes the peak water levels to fall however the 'tail' of the 
hydrograph is extended as there is a greater volume of water stored in the reach 
downstream of the railway culvert compared to the baseline condition. The elevation at 
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which the floodplain towering is taken has a small impact on the peak level but more of 
an impact at the rate the floodplain drains and the duration of flooding experienced. 

The penning level at New Bow Sluice also detenTlines the time it takes to drain the 
lowered floodplain. For example in a 1 in 100 year event, water will drain from the 
floodplain for option 2A at approximately 200 hours for summer penning but at 150 
hours for winter penning; therefore there is a difference of 2 days in inundation. From 
historical evidence it is more likely that larger fluvial events will be observed in winter 
therefore drainage of the floodplain in the winter penning scenario is most likely to be 
experienced. 

It is expected therefore that under winter penning conditions Option 2A would inundate 
the lowered floodplain i.e. compound channel, for approximately 180 hours for a 1 in 100 
year 47 hour storm event, while Option 20 would inundate the floodplain for 
approximately 70 hours for the same event. This is because the River Banwell starts to 
spill into the compound channel later in Option 20 compared to Option 2A, due to the 
difference in spill height. The duration of flooding is therefore very sensitive to the depth 
at which the compound channel is set at, however due to the flat nature of the area the 
peak water level at this location will be similar for both options. 

In the Grumb1epill Rhyne, water levels are reduced by both options but it does take a 
slightly longer period of time to drain the system than in the baseline condition. This is 
mainly due to increased runoff from the proposed development. 

Levels in the floodplain of the Cross Rhyne and Wolvershill Rhyne are increased and 
remain higher for longer under the post development scenarios. This is not a result of 
the Banwell scheme. It is purely because the development will generate increased runoff 
and will reduce the floodplain storage volume as ground levels will be raised out of flood 
risk. 

There is little means of conveyance from these areas to the River Banwell other than via 
four 300mm flapped outlets (two on the Wolvershill cut-off and two on the Locking cut 
off) and the Wolvershill culvert. The Wolvershill culvert often backs up from high water 
levels in the River Banwell and West Wick Rhyne; however the water level drops with 
the I~ floodplain in place. The extra volume of runoff however is greater than that 
of the capability to transfer water from these areas to the River Banwell and therefore 
water levels are increased. It should be noted that the scenarios modelled are the worst 
case scenario to detenTline maximum water levels in terms of ground raising for the new 
development. A further parallel study into a flood scheme on the Cross Rhyne Uphill 
catchment would help to reduce the increased water levels seen in these areas. 
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A hydraulic model of the river Banwell and part of the IDB Rhyne system has been 
constructed using an existing HECRAS model and additional survey data. A number of 
structures have been included in the model In order to help calibrate the model and 
predict current and future flooding conditions within the system. 

The structure with the most significant effect on water levels in the entire system is New 
Bow Sluice at the outfall of the River Banwell which prevents tidal ingress but also 'tide 
locks' fluvial flows from being released during high tide. 

New Bow Sluice operates with a summer and winter p enning control where water levels 
are managed at a desired level of 4.1 and 3.2mAOO respectively. For events greater 
than a 1 in 20 year return period, the penning levels used at New Bow Sluice have no 
effect on the peak water levels within the river channel although they do have an effect 
on how quickly the system drains. 

The hydraulic model has been calibrated to a number of historic events. Through this 
process, it became evident that the calibration criteria used to calibrate the model were 
different to that needed to calibrate the adjacent Uphill Cross Rhyne catchment. 
Therefore the final calibration parameters that have also been taken foiward into the 
design runs have been tailored so that both sets of parameters are more similar. 

The model has been used to determh1e flood risk throughout the catchment for a 
present and post development scenario. 

The post development scenario includes an additional volume discharged into the 
watercourses due to increased runoff from the change in land use and a decrease in 
floodplain storage In the area of the development as ground levels will be raised above 
levels of modelled flood risk. 

The post development scenario also Includes a scheme along the River Banwell, 
downstream of the Railway. This includes lowering of the floodplain on the right hand 
bank of the River Banwell to allow additional storage within an extended two stage 
channel. This, along with automation of the second sluice at New Bow Sluice (currently 
only used for maintenance and on an ad-hoc basis for large flood events) reduces the 
peak levels in the River Banwell in the post development scenario. 

Although the additional storage helps to reduce water levels in the River Banwell, the 
system takes longer to drain with the storage in place as a larger volume of water is held 
within the river. 
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