Appendix 14.4
Quantifying the Potential Storage of Flood Water from the
Construction of Timber Bunds on Sutherland Beck, North Yorkshire
Introduction
The “Slowing the Flow” project at Pickering in North Yorkshire is designed to look at
how changes in land use and land management can help to reduce flood risk through
greater working with natural processes, as well as provide wider multiple benefits for
local communities.
The project started in 2009 and has succeeded in implementing a range of measures
within the Pickering Beck catchment, including planting and restoring 19 ha of
riparian woodland, constructing 129 large woody debris dams and installing 187
heather bale check dams.
A number of natural flood management measures have also been implemented in the
adjacent River Seven catchment, which have included planting 25 ha of woodland and
building 38 LWD dams. In addition, the catchment is the location for a novel trial of
two timber bunds. These were constructed in August 2011 on Sutherland Beck, a
tributary of the River Seven, to determine how such relatively cheap flood storage
features would perform. The bunds span the full width of the floodplain at two central
locations.
This report examines the potential flood water storage created by the two timber
bunds and their impact on flood flows within Sutherland Beck.

Details of Timber Storage Bunds
The two timber bunds are labelled downstream and upstream, and differ in width; the
downstream bund is 16.5 m wide, while the upstream is 57.5 m. They both have a
maximum height of around 1.5 m, which decreases towards each end. The bunds were
constructed by stacking and securing (using wire) horizontal logs against standing
trees or timber posts to form a timber wall. Logs were provided by felling trees on the
site, which reduced the cost. A contractor was employed to build the bund with
supervision by the Forestry Commission. The total cost for the two bunds was around
£8,000, including the value of the timber but excluding supervision.
The bunds extend down into approximately half the channel frontal area and therefore
normal or low flows are not impeded. It is only when the flows reach the bottom of
the bund that they start to have an impact. During high flows the timber bunds cause a
backing up of water onto the floodplain and a step in the water surface profile. Small
gaps occur between each layer of logs but it was not possible to model this. The flow
of water through the gaps is expected to be minimal and reduce through time with the
collection of debris. The surveyed cross and long sections of the two dams are shown
in Figure 1.
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Figure 1

Surveyed long section of modelled reach and cross sections of the two timber bunds on Sutherland Beck.
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Modelling Approach
A 1-D hydraulic model of Sutherland Beck was set up for the reach containing both
timber bunds, bounded by Keldy Bridge upstream and a concrete road bridge at the
downstream limit. The lower bridge is at a sufficient distance not to affect the flow at
the downstream bund. The modelled reach extends about 1.2 km in length, with an
average channel width of 4 m in the upstream reach, up to 6 m midstream and 4 m in
the downstream section. Figure 2 shows a map of the study area displaying the
location of the bunds and surveyed cross sections. The selected model was the HECRAS software package (http://www.hec.usace.army.mil). HEC-RAS is a onedimensional steady flow hydraulic model designed to aid hydraulic engineers in
channel flow analysis and floodplain determination.

Figure 2
Map showing location of the two timber bunds and surveyed cross
sections (inset map shows their relative position within the River Seven catchment
and the adjacent Pickering Beck catchment).
HEC-RAS requires the input of surveyed river cross sections to represent the main
channel and the floodplain, including flood bank levels to represent out of bank flows.
The physical geometry of any man-made structures such as bridges, culverts and
weirs, and in this case, the timber bunds, also need to be defined to characterise flow
constrictions. Additional, interpolated cross sections were added to improve the
representation of the watercourse in the modelled reach.
The two bunds were represented within the model by treating them hydraulically as
bridges. This allows the user to determine the exact proportion of the channel cross
section to be blocked in order to simulate their effect on river flows.
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Modelling runs were carried out using steady state flows and design hydrographs to
obtain a series of baseline simulations for the watercourse. The same flows were then
re-run to assess the effect of the two bunds.

Flood Estimation Handbook (FEH) Analysis
A FEH analysis was carried out for Sutherland Beck in order to determine the likely
return periods of the selected design flows used in the modelling. The standard
method of creating a pooling group from gauged donor catchments in order to derive
flood frequency curves for an ungauged catchment was used (Table 1).
Flow (m3/s)
2.5
3.3
3.9
4.6
5.2
5.8

Return Period (years)
2
5
10
25
50
100
Table 1

FEH generated flood frequencies for the Sutherland Beck timber bund
site

Assessment of Potential Additional Storage by Timber Bunds
Figure 3 shows the additional storage provided by the timber bunds over a range of
flows up to 10 m3/s. The two timber bunds behave differently due to differences in the
nature of the channel, construction and local topography, which affects the way they
interact with increasing discharge.
Channel flow reaches the bottom of the upstream timber bund when the river level
approaches 0.69 m, at a flow of 0.75 m3/s. This compares to the downstream bund,
where the bottom is reached at a flow exceeding 3 m3/s and a depth of 1.23 m.
However, it is not until flows reach 3.3 m3/s and 5.2 m3/s that significant backing up
of water occurs at the upstream and downstream bunds, respectively. This reflects the
ability of water flows to continue to pass through the river channel under the timber
bunds until these thresholds are reached.
The upstream bund quickly fills between 2.5 to 3.0 m3/s, reaching a storage volume of
around 3,540 m3. The volume then rises very slowly as the timber bund is overtopped. In contrast, the downstream bund is slower to fill, largely filling between 5.8
to 7.7 m3/s. The storage volume is much less, with a maximum of 1,120 m3/s before
being over-topped, reflecting the narrower width of the floodplain. A combined flood
storage volume of 4,740 m3 is achieved at 7.7 m3/s.
The operation of the two bunds is less than ideal for flood risk management. Figure 4
shows both cross sections with water levels at the 1 in 100 year flood flow (5.8 m3/s).
The smaller downstream bund operates too infrequently (beyond a 1 in 100 year
event), while the larger, upstream bund fills too frequently (before a 1 in 5 year event;
see Table 1). This highlights the importance of using modelling to guide the design
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and placement of such bunds so that they can have an optimum effect in relation to
managing downstream flood risk.
Additional Storage from Timber Bunds
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Graphs showing additional flood storage volume provided by the two
timber bunds.

The average channel slope at the upstream bund is 0.013 m/m, while that at the
downstream bund is less at 0.008 m/m. This may help to explain the faster filling of
the upstream bund, even though the floodplain is much wider than at the downstream
bund. Another significant factor affecting bund performance is channel capacity, with
the upstream bund restricting the channel cross-sectional area to 2.3 m2, compared to
7.2 m2 at the downstream bund.
A further analysis was carried out to determine the additional storage that could be
created by increasing the height of each bund by another two logs (raising the height
by 0.4 m). This would generate an extra 1,970 m3 of flood storage at a flow of 3.3
m3/s for the upstream bund, compared to 1190 m3 at 7.7 m3/s for the lower bund.

Delaying effect of timber bunds
As well as providing flood storage, the timber bunds will delay the downstream
propagation of flood peaks. Figure 5 shows how the travel time is affected for a range
of peak flows.
Up to an 18 minute delay can be expected for the upstream timber bund at ~3 m3/s,
compared to a 2.4 minute delay for the downstream bund at 7.7 m3/s. Unfortunately,
the delaying effects are offset as the two bunds reach capacity at different flows, so
that the downstream bund only affects the recession of the upstream bund after the
peak delay. The delay gradually reduces as the bunds become full and over-top,
although there is still a combined effect of 8.2 minutes at a flow of 10 m3/s.
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Figure 4

Cross sections (shaded area) and 1 in 100 year water level at upstream
(top) and downstream (bottom) timber bunds

One of the main factors affecting the delay in the travel time is how the timber dams
influence water velocity both within the river channel and on the floodplain. Figure 6
plots the average channel velocity along the modelled reach for the 1 in 100 year flow
(5.8 m3/s). While the downstream bund has yet to fill and therefore exert an impact, a
marked drop in velocity occurs above the upstream bund, reflecting the larger storage
and backing up of water. A downside of this is the predicted sharp increase in withinchannel flow as the water is forced through and passes under the timber bund.
This effect highlights the importance of site selection and the need to consider some
form of bank and riverbed protection where the timber bund crosses the channel to
minimise scouring and erosion. There is no evidence of significant erosion to date,
although the bunds remain to be fully tested.
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Travel Time delay over 1.2km modelled reach
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Graph showing how the timber bunds affect flood peak travel time for
a range of flows
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Graph showing effect of the timber bunds on average channel velocity
along the modelled reach at a flow of 5.8m3/s (1 in 100 year flow)
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Conclusions
It is clear from the model results that the use of timber bunds at carefully selected
sites could be an effective natural flood management measure to reduce downstream
flood risk. Key findings were:
•
•
•

•
•

•

The two bunds provided a combined flood storage volume of up to 4,740 m3
for a total cost of around £8,000.
The bunds can help to delay flood peaks, amounting to a potential 18 minute
delay in peak travel time for a 1 in 100 year flood.
One of the bunds was predicted to be full by a 1 in 5 year event, while the
second would not begin to fill until a 1 in 100 year event. Bund filling is likely
to be further delayed by the fact that these numbers do not account for bund
leakage through the timber walls.
It is important to undertake survey and modelling work to guide the most
effective design and placement of bunds for flood risk management.
There is a need to consider providing channel protection to reduce the risk of
increased scour by greater water velocities through the bund throttle, although
no problems have arisen to date in the trial sites.
The longevity of the bunds remains to be determined by continued monitoring
work.
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