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SUMMARY

This study explored the possibility of the construction of a pond or wetland complex in Louie Memorial
Park, North Hinksey.

A combination of geology, ecology, topology, climate and past and present land use were used to work
out the eco-hydrology of the site in a more holistic manner.

The possible threats of climate change on the hydrology of the site were investigated using data from the
UK Climate Impacts Programme.

The study concentrated on three water features, the Stream, the Fen (and adjacent wet woodland called the
Upper Wetland) and the Lower Wetland.

The study concluded that:

 The existing Fen is a superb example of is kind, which has been protected from degradation because
the valley stream does not flow through the Fen.

 The Fen is in good condition, and is not a suitable location for a pond. Constructing a pond at this
location may well damage the Fen by altering the water supply to the fen.

 It is recommended that the water level within the Fen be artificially increased as summer rainfall is
expected to halve over the next 50 to 80 years due to climate change. Putting in place measures to
reduce the effect of climate change on the Fen, North Hinksey Parish Council would be acting in a
responsible manner to protect the Fen and surrounding ecosystem for future generations to enjoy.

 An increase in the water level of the Fen could be achieved by impeding or diverting the path of the
stream to create a small series of cascading ponds. These ponds will provide an open water habitat not
currently present near the Fen that will be extremely beneficial to wildlife.

 A proposal to extend the Fen has been made based on observations that an area adjacent to the Fen,
called the Upper Wetland, has all the characteristics of an old, shaded and overgrown fen habitat.
Such works should seek to raise water levels in the existing Fen as well.

 The area to the north of the site, bordering the concrete path, termed the Lower Wetland, is a good
peat-rich fen-like habitat with areas of tufa deposition. Tufa depositing streams provide a very special
habitat and are becoming increasingly rare and should be protected.

 The Lower Wetland was considered not suitable for a large open-water pond because the pond would
naturally fill up with peat and silt over a relatively short time. However, raising the water level and at
the same time excavating shallow areas for pools of open water would achieve a similar objective and
be in keeping with this type of eco-hydrological system.

 Access to the Lower Wetland should be restricted to prevent unwanted disturbance to this fragile
habitat from visitors and dogs by the construction of a viewing station in the south-east corner. This
location has a number of benefits as follows; it is easily accessed from the existing path network; the
area around the viewing platform could be excavated to extend the Lower Wetland without any
damage to it and provide more open water to be used as an educational resource (e.g. for pond
dipping).

 Alterations to the Upper and Lower Wetland would be part of a Sustainable Urban Drainage System
(SUDS) that are now mandatory in urban planning. As such, the modifications proposed in this report
would lower the intensity of peak water flows from exceptional rainfall by delaying the flow of water
from the catchment and thus reduce down-stream flooding in residential gardens.
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 The Stream is moderately ephemeral (flows in winter, almost dry in summer) and is of sufficient
energy to cause damage by erosion. Any management of the site or changes to the site must mitigate
against erosion. If either of the proposals outlined in this report were undertaken, such as the
diversion and/or bunding of the stream, it would be essential to stabilize the banks with carefully
chosen small to medium sized plant species from local stock including grasses. In addition to erosion
control this would speed up the natural colonisation process.

 Proposals for land use changes within the catchment area for the Stream should be considered very
carefully. Any increase in the area of impermeable surfaces, or activities that could lead to increased
compaction should be avoided. If the catchment becomes increasingly impermeable, the rate of
surface run-off and thus the risk from flooding would become greater.

GLOSSARY

Bog: A wetland habitat fed by rainfall, low in dissolved substances. Generally acidic, pH lower than 7.

Catchment; A land area in which water is collected

Ephemeral: Dry in summer, wet in winter.

Fen: A wetland habitat fed by ‘base’ rich groundwater. ‘Base’ refers to dissolved compounds of calcium
and magnesium. Generally basic, pH above 7.

mOS: Ordnance Survey elevation in metres.

Tufa: A porous or spongy deposit of CaCO3 (calcium carbonate) chemically and/or biologically
precipitated from ground water or surface water. Travertine is considered a similar material. However,
these terms tend to be used in other senses and may be confused. Note that tuff is a rock of volcanic
origin and should not be confused with tufa.
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Figure 1 Essential landmarks for the hydrological investigation of Louie Memorial Park. The Stream is
in dark blue, the Fen, the Upper Wetland, the Lower Wetland, the site of the butts and the historic marsh
and the concrete path in pink.
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INTRODUCTION TO THE HYDROLOGICAL STUDY – AREA DEFINITIONS

Critical Areas; The Stream, Fen, Upper Wetland and Lower Wetland

The study area has been divided into several parts in order to simplify the discussions.

 The Stream, from the upper catchment to the Lower Wetland

 The Fen, this is the area to the West of the Stream.

 The Upper Wetland, the area to the East of the Fen and Stream.

 The Lower Wetland, the area at the lowest northern point of the site.

Each area is discussed individually whilst the common issues such as climate change have been combined
into one section.

Historic land use and changes

Recent changes in the land use of the area can be studied in some part by historic maps and photographs.
Ordnance Survey maps from 1876 to present were examined to determine major changes in land use. For
example such maps were used to determine:

1. A simple explanation for the large man-made bund which has caused the Lower Wetland to
develop.

2. Changes in the path of the stream.

3. Changes in the land use of the catchment (e.g. from woodland to arable or urban).

4. Changes of paths, roads, boundaries and ditches.

5. Changes to tree cover.

The earliest map record for this study was the 1876 - BERKSHIRE 1:2,500 edition (Old-maps.co.uk,
2009). This shows that there were a series of targets and butts to the east of the Lower Wetland.
Excavation from these may explain the presence of excess material used to bund the water, either simply
to dispose of the soil or to divert the stream away from the path of the range. However, the mounds of
material are in the location of the marsh area marked on the 1876 map just to the west of the butts. It may
be that this marshy area was filled in more recently when the new houses were built at Hirst Rise Road
and Hutchcomb Road in order to divert the stream to its present course through the new housing to the
north.

1876 - Except for the upper western side of the stream, and the lower wetland the study area had no tree
cover. In general the secondary scrub woodland of the eastern side of the valley is no more than 65 years
old.

1886 - BERKSHIRE 1:10,560. No change from 1876.

1899 - OXFORDSHIRE 1:2,500. The rifle range appears to be disused.

1900 - OXFORDSHIRE 1:10,560. The rifle range appears to be disused. No indications of woodland
developing.

1914 - BERKSHIRE 1:10,560. No changes.

1921 - BERKSHIRE 1:2,500. No changes.

1937 - BERKSHIRE 1:2,500. No changes.

1944 - OXFORDSHIRE 1:10,560. No changes.
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An aerial map from the period 1939 to 1952 shows the distribution of woodland at that time. The aerial
photograph is rather indistinct, but you can see slightly darker areas of the fen and the path of the stream
was the same. By changing the contrast of the image, the original riparian zone (stream corridor) can be
plotted. There appear to be two large willows at the lower wetland area.

The offset from the modern maps of this older streambed corresponds to the 1876 and 1886 OS maps of
about 7m to the east. Ground measurements from the fence line to the west of the Fen make the offset
about 4 m to the east. Such differences are expected and are from the quality of the surveying and
computer graphics error.

It should be noted that some of the hedges in North Hinksey are very old and would be worth surveying.
Sadly none of the old hedges exist within Louie Memorial Park.

Overview of Geology

The hydrology is directly related to the geology and topology of the catchment. In summary the geology
is as follows (BGS 1982);

Above 148 mOS to the maximum of 146.5 mOD Glacial sand and gravel. This deposit is too thin to be of
any significance.

128.8 to 148 mOD Kimmeridge Clay. This prevents infiltration of water from the surface into the Upper
Corallian. I have assumed that this layer is impermeable.

108 to 128.8 mOD Upper Corallian, limestone Coral Rag. This is hard limestone visible in the stream bed
and is part of the aquifer that supplies the fenland at Hutchcomb’s Copse.

98 to 108 mOD Upper Corallian limestone sand. This is the second part of the aquifer that supplies the
fen.

90 to 98 mOD Lower Coarallian clay. This is the aquitard that forces spring water to issue into the
fenland. I have assumed that this is impermeable. However, surface flow below 98 mOD was not
obvious at the time the report was written.

Below 90 mOD Oxford Clay. This is a thick impermeable layer.

The geological layers slope gently downwards from northwest to southeast.

THE STREAM – FROM CATCHMENT TO LOWER WETLAND

The Stream is semi-ephemeral and in winter has spates of high flow causing erosion and in summer is
almost completely dry except for pockets of water in hollows in the limestone.

The Stream is fed by a catchment consisting largely of grassland with small areas of arable, woodland and
built-up land.

It is extremely important to note that the stream is separated and is isolated from the Fen and the Upper
Wetland. The Stream does not supply water directly to the Fen or the Upper Wetland, but the Fen does
supply water to the Stream.

The Steam discharges directly into the Lower Wetland.

Catchment area

The catchments can be sub-divided into two to simplify discussions. See Figure 17. The upper catchment
supplies the Stream and Fen, whilst the combined upper and lower catchments supply the Lower Wetland.

The catchment area was calculated using SAGA GIS software and audited by on-site observations.
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Catchment 1, 129,000 m2; The upper area supplying the Fen and Stream at 98 mOD.

Catchment 2, 83,000 m2 The additional area below 98 mOD that combines with Catchment 1 to supply the
most northerly point of the Stream and the Lower Wetland.

Stream Overland Flow – Runoff and Water Quality

Overland flow in the Stream above the Fen occurs throughout the winter (Pers. Comm. 2009a).

By contrast, the overland flow only occurs in summer when there is sufficient rainfall to overcome the
field capacity (the water absorption capability of the ground) and the evapotranspiration (evaporation and
transpiration combined). There are always pockets of water along the stream, which appear to be
flowing.

Analyses of one of these puddles indicated a very high level of nitrate indicative of anthropological
pollution from a leaky sewer, septic tank, or highly concentrated runoff from dog excreta and decaying
vegetation in the catchment (See Table 1). In comparison, Thames Water supply would be around the 40
mg/l level as nitrate, whilst groundwater would be about 1 to 25 mg/l nitrate depending on the land use of
the catchment. The volume of polluted water is small and thus can be considered insignificant in this
case.

A data logger was installed to measure the effect of overland flow between the 22nd and the 24th July 2009.
Localised and strong rain showers did not cause any significant change in the level of the Lower Wetland
at the outflow. This is entirely as expected, as all of the rainwater would have infiltrated into the ground
or evaporated.

The evidence of piles of material banked up within the streambed indicates such spate high flow rates
have occurred. Sadly, observation of such events requires photographs to be taken of the stream during
and immediately after a heavy storm.

No data so resort to a computer model

Two types of computer models were used to work out the possible dynamics of the hydrology. The errors
on such non-calibrated models are high, and it is important to remember this when making any
interpretations. Ideally, a set of data from boreholes and open water bodies over a year would have been
required to calibrate such a model. However, in the absence of such data, a model will have to be used.

Two models were used to approximate winter and seasonal flows. The following is a record of how the
models were developed and can be skipped by the reader if necessary.

Model 1

Winter surface runoff or overland flow was modelled using “SAGA” software to develop a simple
hydrograph approximation at the Lower Wetland.

 The model uses the Kinematic wave-Overland flow method and assumes no infiltration or losses (i.e. a
saturated catchment such as would happen in winter).

 The model assumes rainfall of 100 height or volume units (e.g. 10.0 mm of rainfall) per 5 x 5 m
square.

 The model generates a flow system based on roughness of the ground and the slope of the ground.

 This model does not take into consideration any infiltration or losses enroute. The model calculates
only overland flow.
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 Mannings roughness, thick vegetation and trees about 0.1, whereas mown grass scattered trees equals
0.05. For this simulation a Mannings roughness of 0.05 was assumed.

 The model was run for 100 hours, which is the time it takes for the overland flow to leave the
catchment completely.

Model 2

Seasonal hydrological changes were modelled using “Extend” software. This model uses the following
data and assumptions:

 Actual rainfall data for 1994 to 1996.

 Calculated actual evapotranspiration.

 Calculated soil moisture deficit.

 An aquifer with a saturated zone of at least 5 m thickness, covering the entire area of the catchment
with a total available water of 10% the rock volume. Thus for the fenland with a catchment of
129,000 m2, the rock reservoir will be 64,500 m3.

 A 120 hour delay for infiltration to appear at the fenland via a saturated aquifer.

 A 10 hour delay for surface water to leave the catchment.

 Outflow rates from the aquifer set at (H*0.001), where H is the volume of water trapped in the aquifer
(m3).

 Outflow rates from the overland flow of (0.05*H) where H is the temporary storage in m3 of the
system.

 The Lower Wetland is a pond of initial volume 100 m3, and it overflows the path if the volume reaches
400 m3.

 A constant loss from the Lower Wetland of 10 m3 per day. Up to 4 mm water loss by
evapotranspiration is possible, on average 1 mm more typical. For a 20 * 20 m wetland this is 0.4 m3

per day. The wetland needs at least this amount to remain full.

 The model is set up so that the summer low flow is approximately 40 m3 per day into the fen.

Surface Water or Overland Flow- Modelled Erosion

The first part of the discussion applies to storm (rainfall) events of a few minutes up to an hour or so.

The second part of the discussion applies to time averaged data over a day.

Figure 2 shows the predicted flow rate due to a 10 mm rainfall event happening over about an hour or so
with total overland flow (i.e. no infiltration or evaporation) from the SAGA model. It should be noted that
storm events of up to 50 mm or more are possible. The hydrograph will have the same shape and peak
flows can be approximately scaled up. For example a 40 mm storm event would create a flow peak of
140 l/s. Note that an average household tap will fill a 10 l bucket in about 9 seconds, or 1 l/s.
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Hydrograph at Lower Wetland, 10 mm rainfall event, modelled.
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Figure 2 Modelled surface run-off hydrograph from a 10 mm rainfall event.

Under these extreme conditions, erosion will occur.

The location of the erosion can be predicted using slope and flow calculations. Figures 3 and 4 shows the
stream power overlaid onto a map for easy reference. Figure 3 has a base colour of green, and this
becomes progressively redder wherever there is a likelihood of erosion. Evidence of debris piles from
strong flow conditions is present in the stream channel.

The energy of the Stream between the road and the bridge is high but the rate of erosion will be low
because the base of the stream is limestone. However, under these conditions the energy of the water is
not dissipated and is transferred downstream.

Erosion rates are moderate from the bridge to the Lower Wetland. Although moderate, any restoration,
planting, groundwork or management should be aware of and mitigate for erosion.

The power of the Stream becomes particularly high from the Lower Wetland to the channel between the
housing development. Here, considerable caution should be exercised not to interfere with the channel, as
flooding during storm would be more likely. If possible, the Lower Wetland should be capable of
dissipating some of the energy and thus reduce the severity of any flooding downstream.
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Figure 3 In-stream energy and thus potential for erosion. Base colour green, areas of lighter green to red
indicate increases in stream energy. The concrete path is indicated by the thick pink line, the paths by
grey and dashed light blue and the lower wetland outlined in yellow. Modelled data.



D
o 

N
ot

 C
op

y

Louie Memorial Park Hydrological Study - 2009 Page 12 of 37

Figure 4 In-stream energy and thus potential for erosion, but plotted in 3D. Base colour green, areas of
lighter green to red indicate increases in stream energy. Data is modelled.

Minor amounts of litter have been washed down from the road and are easily removed from the stream on
an ad-hoc basis.
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Figure 5 Plan of the existing Fen (in orange), the Stream (blue), Upper Wetland area (green), paths
(grey), fence (brown) and contours.

THE FEN

There are two distinct flow routes from Catchment 1 to the Fen.

The overland flow following the land surface directly above the Fen is a minor source of water. This
overland flow can be ignored, as it will be insignificant.

The groundwater flow from the catchment, which travels through solid geology to the Fen.

It is very important to remember that the overland flow from the Stream bypasses the Fen.

Fenland hydrology – The influence of Catchment 1

In general for the fenland water infiltrates into the ground and flows through the solid geology taking
several weeks to emerge. The time it takes to move through the geology is difficult to measure and
normally done by datalogging the water levels and measuring rainfall to spring response times. However,
assuming a hydraulic conductivity of limestone of 1x10-4 m/s, and an average distance from maximum
infiltration to Fen of 200 m, then the time for movement would be about 23 days. (Note that this is
movement not response; hydraulic pumping can cause a faster response.)

Highly simplified calculations lead to the following conclusions about the fen’s water supply:

The volume of rainfall for the Fen per annum is the total rainfall, minus the evapotranspiration times the
area, or ((600 mm – 480 mm)/1000)* 129000 = 15,400 m3. On average this is 1800 l/hour or 29 l/minute.
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Observations of the water flow at the Lower Wetland output during July suggest a flow rate of 0.5 l/s or
30 l/minute, similar to that estimated.

Of course the flow rate will increase in winter and slow in summer.

It is possible to create an approximate model to investigate the flow into the Fen from the aquifer. This
will be discussed in more detail in the section on climate change.

Fen Water Quality

Water quality will vary through the year. In summer, groundwater flow predominates and in winter there
will be a mixture of surface and groundwater.

I have no data on water quality in winter.

Water samples were taken on the 15th June 2009 and the basic analyses presented in Table 1 for the Fen,
the Stream and the Lower Wetland.

Electrical conductivity is related to the number of dissolved ions (e.g. Ca2+, Mg2+, HCO3
-) in solution. The

higher the conductivity, the more dissolved material exists in the water. For example; rainwater will be
around 5 to 15 uS, an acidic bog about 60 uS, a clean pond on clay about 160 uS, Thames tap water about
560 uS.

The electrical conductivity of the Stream indicates surface run-off or diluted tap water. The EC of Fen
water and Lower Wetland are indicative of high base, high calcium groundwater ideal for a fenland
community.

Single value pH measurements are rather meaningless.

The ammonium concentration (often called ammonia in error) shows that all conditions are oxidising and
that there is no raw sewage. Presence of ammonium concentrations above 1 mg/l as N should be of
concern.

Nitrate levels in the Fen water are low. However, it is well known that peaty anoxic (low oxygen)
conditions will reduce and remove nitrate.

The titrations of base richness (Mg and Ca) and carbonate-bicarbonate support the observations of surface
versus groundwater supplies for the Stream and Fen respectively.

Fen Modifications and Management

It is my opinion that the Fen area should not be modified, nor should any ponds be introduced within the
Fen, because such actions will risk degrading the Fen, a risk that should not be taken.

The excavation of a pond will alter the flow of water through the Fen, changing both the hydrological
dynamics and the established plant community.

However, in order to prevent the transition from fen to wet woodland it will be necessary to remove
encroaching shrubs and trees and cut and clear the fen on a periodic basis in a way as to allow light to
penetrate.

Such disturbance can be large as long as it is then left to recover for a long period and the water flow is
restored. For example, the removal of small trees by chain winches attached to substantial anchor trees
would open up disturbed bare areas good for transient invertebrates and seedling plants. Such areas could
then be left for one or more years to recover. Please refer to the ecologist’s report for more details.
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However, there are a number of hydrological factors that are necessary to ensure the Fen survives. In
summary, the Fen has been protected from the effects of water loss to the Stream because of its position.
The Stream cannot erode or damage the Fen because the Stream course does not run through the Fen.

If the Fen dries because water levels drop, peat will be oxidised and will degrade and shrink and will be
lost to decomposition and erosion. Therefore, it is vitally important to maintain the water level as well
as the water supply.

Here are the major concerns with the Fen;

1. In summer the Fen must be fed by ‘clean’ groundwater. ‘Clean’ means water of the correct water
quality or chemistry.

2. The Fen must not be eroded by excessive overland (surface runoff) in winter. Such runoff may
originate from the Stream if diverted or by changes in the catchment immediately above the Fen.
Ideally the area above the Fen should be woodland or long pasture with minimal stock levels to avoid
compaction.

3. The water levels within the Fen should be maintained or increased by impeding drainage, especially
from the Fen to the Stream.

4. Bankside vegetation should be encouraged to reduce erosion, but not create shade that would alter the
fen plant community.

The Upper Wetland area is discussed in the next section and mitigation measures will be outlined that will
benefit the Fen area.

Table 1 Water sample data taken on the 15th June 2009. Note that pH and EC used calibrated probes.
The other measurements were made using simple aquarium test kits and are for reference only.

Location Electrical
Conductivity

pH Ammonium

Simple colour
test

Nitrate

Simple
colour test

CaSO4

Assumed*

Ca + Mg
hardness

CO3 and HCO3

hardness

Location uS,
calibrated

pH units,
calibrated

mg/l NH4 mg/l NO3 mg/l mg/l mg/l

Upper stream,
above bridge, OS
448355 205260.
Very slight flow

439 7.7 0 40-80 223 90 358

At bridge, issuing
from fen OS
448349 205331

718 7.1 0 5 81 304 537

At wetland output
before stream goes
under path. OS
448387 205463.

739 8.0 0 5 126 322 537

* A wholly indicative calculation that assumes anything that is not CaCO3 is CaSO4 by virtue that the Ca
+ Mg concentration should relate to the CO3 + HCO3 concentration. This is indicative of the amount of
clays as sulphate is generally derived from clays in Oxfordshire.
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THE UPPER WETLAND – A LOST FEN?

It would be illogical to assume that the water supply to a series of springs from almost flat geological
strata would be asymmetric round a valley.

It is the case here that the Fen on the western side of the Stream should also extend to the east of the
Stream.

The evidence indicated that the area to the west of the Stream, just below the bridge and referred to as the
Upper Wetland used to be a fen habitat. The observations were as follows;

1. The geological strata were almost flat and springs should occur on both flanks of the valley.

2. The presence of pendulous sedge (Carex pendula), willows and other damp loving plants.

3. The very wet conditions under foot during August.

4. The ground conditions are soft and it was easy to penetrate the soil with a metal rod to depths up to 1.8
m. This indicated soft soil such as peat or saturated silts.

5. The data from Borehole 3, indicated the presence of high groundwater levels and old peat deposits.

In my opinion, the encroachment and closure of the tree canopy shading the ground has caused the fen
plant community to transition to a wet woodland habitat.

The data from Borehole 3 show that at some time in the past, the stream was exposed at that point and
flowed over the limestone bedrock depositing tufa. An almost black, rather dense piece of bioturbated
flinty angular gravel (about 20 x 10 mm) was recovered from the bottom of the borehole at 1.4 m depth
(See Figure 6). The sample was covered with tufa (calcium carbonate deposit) identical to deposits
(without the gravel) seen today further down near the Lower Wetland. The tufa deposit showed the same
water deposition features consisting rounded edges (not eroded but deposited) and surface pockmarks.
See Figure 6 (photo of gravel sample). It is assumed that the gravel was post-glacial, approximately the
Mesolithic period (8000 to 4000 BC).
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Figure 6 Borehole 3 showing organic rich soil layer top, sandy clay middle and organic rich clay lower,
assumed old peat deposits at base. Insert photo is a piece of gravel with tufa deposits showing
bioturbation and pock marks. Depth of borehole 1.4 m. OSGB Location 448351.7 – 205364.5, elevation
91.6 mOD, 29/08/09.
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Depth
from

surface, m

Thickness,
m

Comments

0-0.20 0.20 Clay-peat woodland soil. Dark brown.

0.2-0.38 0.18 Sandy-clay, rich in organic material, transitioning to lighter sandy-clay of
light ochre colour.

0.38-1.20 0.82 Dark brown black organic rich clay with charcoal fragments.

Dark brown black organic rich clay transitioning to marley, stiffer grey
clay. Saturated zone with water strike.

1.20-1.40 0.2 Stiff grey clay with rocks. Small pieces of crystalline limestone (assumed).
One black tufa-covered piece of flinty gravel recovered.

Table 2 Borehole 3 data. Depth of borehole 1.4 m. OSGB Location 448351.7 – 205364.5, elevation 91.6
mOD, 29/08/09.

The reminder of the soil cores show an interesting sequence from organic rich clay with occasional
charcoal pieces (1.2 to 0.380 m) and then a sharp transition to lighter ochre coloured sandy clay (0.38 to
0.2 m). One hypothesis could be that a fen existed here from about 5000 years ago when the glaciers
melted to approximately the Roman times, and then farming practices changed with woodland clearance,
increasing erosion and sediment transport, causing the fen to be smothered in sandy clay. The top 200
mm of clayey peat-rich soil developed after the return of a woodland environment and a grassed
catchment over the last one hundred or so years. Water was encountered after 0.38 m and layers below
this were fully saturated.

The evidence indicates that with the appropriate intervention and groundwork, it may be possible to adjust
the stream path and modify the stream profile to encourage a new, secondary fen to develop.
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Figure 7 Plan of the Fen and Upper Wetland showing a proposed new stream route (in dashed blue from
bridge to stream) and a simple bund (in edged red) to create a flooded area (in crossed-hatch light blue). A
similar effect could be created using smaller multiple bunds in the existing or new streambed.

UPPER WETLAND PROPOSAL – RESTORATION OF A FEN HABITAT

In my opinion it would be possible to restore the fen habitat of the Upper Wetland area. Such restoration
would benefit the existing fen and provide some assurance that the Fen would survive climate changes
over the next 50 to 80 years.

Figure 7 shows a plan of the Fen and Upper Wetland. A land survey was completed for this area with
levels measured to an accuracy of 2 to 5 mm. Not all of the site was surveyed in as much detail.

The major landmark is the bridge over the Stream. To the west is the Fen (bordered in green) and to the
east is the Upper Wetland (also bordered in green).

The following ideas have been proposed in order to:

1. Increase the wetted area and maintain the water levels in the fen habitat.

2. Reduce the erosive energy of the Stream.

3. Remove the shading of the taller vegetation including trees.

4. Maintain the open character and biodiversity of the copse.
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Upper Wetland Restoration - Modify the Stream

Would stream modification or diversion be possible? The stream profiles following the old and possible
new route are shown in Figure 8.

The simplest alteration would be to bund the existing Stream at locations that cause water levels to rise
750 mm or so. The path profile shows that two bunds of about 750 mm height would suffice to flood an
area of about 400 m2 or more if the lower bund crown was at 92.8 mOD. It would be important to ensure
that the maximum upper level was 250 to 500 mm below the top of the bridge.

Alternatively, move the stream from its existing course (marked in blue in Figure 7) towards the east
(marked in dashed blue). The stream would also have bunded areas that would be allowed to cascade into
the next small pool. This would:

 Reduce the erosion of the banks adjacent to the Fen. These banks are critical in maintaining the water
level within the Fen. Bank erosion caused by the Stream would allow the fen to drain more efficiently
into the Stream and so would lower water levels in the Fen.

 Reduce the erosive power because the water would be diverted and slowed because the gradient is
less.

 Allow the Fen to have a higher water table, especially that bordering the Stream.

 Allow the Upper Wetland to develop with increased seepage and higher water tables.

The design will require:

 A detailed land level survey and design to check the proposal will work and be approved.

 Provision for erosion control.

 No man-made non-biodegradable materials to be used.

The aspect of erosion will be addressed briefly in the next section.
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Existing and new stream profile from bridge to end of survey area
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Figure 8 The profile of the existing and proposed route of the Stream. See Figure 7 for the plan view.
The start of the profile is the Southern (upstream) edge of the bridge and ends slightly below the iron-rich
orange seep some 30.7m from the bridge.

Upper Wetland Restoration - Remove the overlying soil and sediment

Borehole 3 (Table 2) shows evidence of historic organic material deposition assumed to be degraded peat
within a tufa depositing stream environment. It is suggested that if the stream is modified, then the upper
0.38 m of lighter sandy-clay be removed to flatten the surface and provide the stream channel. It may be
advantageous to use this clay-based material as part of the bunds in conjunction with the natural erosion
control suggested below.

Upper Wetland Restoration - Reduce Erosion

It is expected that the Stream will continue to show occasional high flow rates that will increase in
intensity over the next 50 years due to climate change. Thus, the provision for erosion control is vital. It
is recommended that:

1. Keep surfaces as vegetated as possible. Surface vegetation of 10% or less will not reduce erosion, but
vegetation of 20% or more will.

2. Maximum root depth will be no lower than the groundwater table. So use shallow rooted plants.

3. Grasses (sedges and rush included) perform better than shrubs. A mixture of species is better than a
single species.

4. Do not use fast growing species like Greater Reed Mace or Reed. Use species already present locally.

5. Use natural erosion control methods for example; Straw bales to trap sediment and from a barrier. Use
wood fence posts to anchor straw bales. Drop straw 100 mm into ground and backfill and compact on
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upslope side. Stake must penetrate at least 300 mm into ground. Wedge loose straw between bales.
See reference UNH, 2008 and Colorado Water Quality Control Division, 2004.

6. Check dam at the higher points made of a core of local limestone rock. See Colorado Water Quality
Control Division, 2004.

7. Brush layering and live staking or wattles (bundles of live willow or similar, note better to use basket
willows rather than the larger crack willow).
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THE EFFECTS OF CLIMATE CHANGE – CATCHMENT MODELLING

UKCIP (UK Climate Impacts Programme) publishes scenarios for different emission levels up to the
2080s (UKCIP, 2009). Figure 9 is the Medium-High Emissions scenario for seasonal % precipitation
change.

These data come as cumulative probabilities (CDF) as the effect will vary depending on how much
average rainfall occurs in each year. For example taking the three years 1994 to 1996, each year has a
different average August rainfall. Table 3 shows the actual data for mid-Southern England as an example.
It can be seen that 1995 was relatively dry while 1996 was wet. For each of the years the cumulative
distribution function is given of the medium-high emissions scenario of Table 4.

There are published maps like the one in Figure 9 that show the predictions of % change in precipitation
for the UK for average rainfall. For example for Southern England, on average, we will have 50% less
summer rainfall by 2080.

Year Avr. daily rainfall,
mm/day

C.D.F.

%

Change in rainfall % from 2001-39 to 2070-99.

1994 2.019 69 2.023-1.668 = 0.355, 18% less rainfall.

1995 0.252 0.3 0.652-0.179 = 0.473, 73% less rainfall

1996 2.448 89 2.438–2.135 = 0.303, 12% less rainfall

Table 3 Climate change medium-high emissions scenario predictions for three example years. 1996 was
considered wet, and 1995 dry. CDF = cumulative distribution function, a scale from 0 to 100. The
reduction in rainfall depends on the average for each year as shown. Drier summers will become drier,
wetter summers will not become drier to the same extent.

The prediction of what climate change will do to the Fen’s water supply has a fairly large uncertainty.
However, I have attempted to devise a basic model to see if there are any obvious concerns or points.
This model and the results are discussed in the next section.
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Figure 9 UKCIP medium-high emissions scenario predictions for % change in seasonal rainfall.

© Crown Copyright 2009. The UK Climate Projections data have been made available by the Department for Environment, Food and Rural
Affairs (Defra) and Department for Energy and Climate Change (DECC) under licence from the Met Office, Newcastle University, University
of East Anglia and Proudman Oceanographic Laboratory. These organisations accept no responsibility for any inaccuracies or omissions in
the data, nor for any loss or damage directly or indirectly caused to any person or body by reason of, or arising out of, any use of this data.
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Table 4 Climate change medium-high emission scenario. Cumulative distribution function versus
average daily rainfall in August for the 25-km square that includes Oxford. The columns are year ranges.
Source, UKCIP. This table is included for reference.

C.D.F. 2001-39 2020-49 2030-59 2040-69 2050-79 2060-89 2070-99
0.1 0.652 0.472 0.364 0.28 0.218 0.2 0.179

0.25 0.733 0.547 0.432 0.341 0.273 0.256 0.233

0.5 0.802 0.614 0.495 0.399 0.326 0.312 0.29
0.75 0.847 0.658 0.536 0.438 0.363 0.351 0.331

1 0.881 0.691 0.568 0.467 0.391 0.381 0.362
2 0.969 0.78 0.652 0.546 0.467 0.462 0.446

3 1.028 0.841 0.71 0.601 0.52 0.519 0.506
4 1.073 0.888 0.756 0.644 0.563 0.564 0.554

5 1.11 0.927 0.794 0.68 0.599 0.602 0.594

6 1.143 0.962 0.827 0.712 0.631 0.636 0.63
7 1.171 0.992 0.857 0.74 0.659 0.666 0.663

8 1.197 1.02 0.884 0.766 0.685 0.694 0.692
9 1.221 1.046 0.909 0.789 0.71 0.719 0.72

10 1.243 1.07 0.932 0.812 0.732 0.743 0.746
11 1.264 1.092 0.954 0.832 0.753 0.766 0.77

12 1.283 1.114 0.975 0.852 0.774 0.787 0.793

13 1.302 1.134 0.995 0.871 0.793 0.808 0.815

14 1.319 1.154 1.014 0.889 0.812 0.827 0.837

15 1.337 1.172 1.033 0.907 0.83 0.846 0.857
16 1.353 1.191 1.05 0.923 0.847 0.864 0.877

17 1.369 1.208 1.068 0.94 0.864 0.881 0.895
18 1.384 1.225 1.084 0.955 0.881 0.899 0.914

19 1.399 1.242 1.101 0.971 0.897 0.915 0.932
20 1.414 1.258 1.117 0.986 0.912 0.931 0.949

21 1.428 1.274 1.132 1.001 0.928 0.947 0.966

22 1.442 1.29 1.147 1.015 0.943 0.962 0.983
23 1.455 1.305 1.162 1.029 0.958 0.977 0.999

24 1.469 1.32 1.177 1.043 0.972 0.992 1.015
25 1.482 1.335 1.192 1.057 0.987 1.007 1.031

26 1.495 1.35 1.206 1.07 1.001 1.021 1.046
27 1.507 1.364 1.22 1.084 1.015 1.035 1.061

28 1.52 1.379 1.234 1.097 1.029 1.049 1.076

29 1.532 1.393 1.248 1.11 1.043 1.063 1.091
30 1.545 1.407 1.262 1.123 1.056 1.076 1.106

31 1.557 1.421 1.275 1.136 1.07 1.09 1.12
32 1.569 1.434 1.289 1.148 1.083 1.103 1.135

33 1.581 1.448 1.302 1.161 1.097 1.117 1.149
34 1.593 1.462 1.316 1.174 1.11 1.13 1.163

35 1.604 1.475 1.329 1.186 1.123 1.143 1.177

36 1.616 1.489 1.342 1.199 1.137 1.156 1.191
37 1.628 1.502 1.356 1.211 1.15 1.169 1.205

38 1.639 1.516 1.369 1.223 1.163 1.182 1.219
39 1.651 1.529 1.382 1.236 1.176 1.195 1.233

40 1.662 1.543 1.395 1.248 1.189 1.208 1.246
41 1.674 1.556 1.408 1.26 1.203 1.22 1.26

42 1.685 1.57 1.422 1.273 1.216 1.233 1.274

43 1.697 1.583 1.435 1.285 1.229 1.246 1.287
44 1.709 1.597 1.448 1.297 1.242 1.259 1.301

45 1.72 1.61 1.461 1.31 1.256 1.272 1.315
46 1.732 1.624 1.475 1.322 1.269 1.284 1.328

47 1.743 1.637 1.488 1.335 1.282 1.297 1.342
48 1.755 1.651 1.501 1.347 1.296 1.31 1.356

49 1.766 1.665 1.515 1.36 1.31 1.323 1.369

50 1.778 1.679 1.529 1.373 1.323 1.336 1.383
51 1.79 1.693 1.542 1.385 1.337 1.349 1.397

52 1.802 1.707 1.556 1.398 1.351 1.362 1.411
53 1.814 1.721 1.57 1.411 1.365 1.375 1.425

54 1.826 1.735 1.584 1.424 1.379 1.389 1.439
55 1.838 1.75 1.598 1.437 1.393 1.402 1.453

56 1.85 1.764 1.612 1.45 1.408 1.416 1.467

57 1.862 1.779 1.627 1.464 1.422 1.429 1.482
58 1.875 1.794 1.641 1.477 1.437 1.443 1.496

59 1.887 1.809 1.656 1.491 1.452 1.457 1.511
60 1.9 1.824 1.671 1.505 1.467 1.471 1.526

61 1.913 1.84 1.686 1.519 1.482 1.485 1.541
62 1.926 1.855 1.702 1.533 1.498 1.5 1.556

63 1.939 1.871 1.718 1.548 1.514 1.514 1.571

64 1.952 1.888 1.733 1.563 1.53 1.529 1.586
65 1.966 1.904 1.75 1.578 1.546 1.544 1.602

66 1.98 1.921 1.766 1.593 1.563 1.559 1.618

67 1.994 1.938 1.783 1.608 1.58 1.575 1.634

68 2.008 1.956 1.8 1.624 1.597 1.59 1.651
69 2.023 1.973 1.818 1.64 1.615 1.607 1.668

70 2.038 1.992 1.836 1.657 1.633 1.623 1.685

71 2.053 2.01 1.854 1.674 1.652 1.64 1.702
72 2.069 2.029 1.873 1.691 1.671 1.657 1.72

73 2.085 2.049 1.892 1.709 1.691 1.674 1.738
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74 2.101 2.069 1.912 1.727 1.711 1.692 1.757
75 2.118 2.09 1.932 1.746 1.732 1.711 1.776

76 2.135 2.112 1.954 1.765 1.753 1.73 1.796

77 2.153 2.134 1.976 1.785 1.776 1.749 1.816

78 2.171 2.157 1.998 1.806 1.798 1.77 1.837
79 2.19 2.181 2.021 1.828 1.822 1.79 1.858

80 2.21 2.205 2.046 1.85 1.847 1.812 1.88

81 2.231 2.231 2.071 1.873 1.873 1.835 1.904
82 2.252 2.258 2.098 1.897 1.9 1.858 1.928

83 2.275 2.286 2.125 1.923 1.928 1.883 1.953

84 2.298 2.316 2.155 1.949 1.958 1.909 1.979

85 2.323 2.348 2.186 1.977 1.99 1.935 2.006
86 2.349 2.381 2.218 2.008 2.023 1.964 2.036

87 2.377 2.417 2.253 2.039 2.059 1.994 2.066

88 2.406 2.455 2.29 2.073 2.097 2.026 2.099
89 2.438 2.496 2.331 2.11 2.139 2.061 2.135

90 2.473 2.541 2.375 2.15 2.184 2.099 2.173

91 2.511 2.59 2.423 2.194 2.233 2.14 2.214

92 2.552 2.644 2.477 2.242 2.288 2.186 2.26
93 2.599 2.705 2.537 2.297 2.351 2.237 2.311

94 2.652 2.776 2.607 2.359 2.422 2.295 2.369

95 2.714 2.859 2.689 2.433 2.507 2.362 2.437
96 2.789 2.96 2.789 2.522 2.61 2.444 2.518

97 2.885 3.091 2.917 2.637 2.743 2.549 2.622
98 3.018 3.276 3.099 2.799 2.932 2.694 2.765

99 3.244 3.596 3.415 3.078 3.261 2.94 3.006
99.25 3.337 3.732 3.549 3.195 3.4 3.041 3.103

99.5 3.47 3.926 3.741 3.363 3.601 3.185 3.242

99.75 3.698 4.271 4.082 3.659 3.958 3.434 3.478
99.9 4.009 4.753 4.558 4.07 4.461 3.768 3.795

The Climate Change Model

The first part of the discussion about the Stream looked at modelling the peak overland flows using
SAGA due to isolated rainfall events on a saturated catchment in winter or spring.

The second model considered events on a time scale resolution of a day and included both the overland
flow from the catchment and the groundwater flow from the aquifer and modelled using Extend LT.

Modelled data for the overland flow taking 1994 as an example is shown in Figure 10. This is the
predicted hydrograph taken at the bridge near the fen.

As a check, peak daily flows are in the region of 300 to 600 m3, corresponding to the peak flow
calculations from SAGA model. Looking closely at Figure 10, It can be seen that the overland flow stops
sometime between April and June depending on the seasonal variation in rainfall and starts around
September. 300 to 600 m3 per day is 3.5 to 7 l/s on average.

Taking the full dataset from 1994 to 1996, overland flow differences can be seen in Figure 11. It should
be noted that the water flow into the Lower Wetland would be this overland flow plus the flow from the
Fen aquifer. See the next section.
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Figure 10 Modelled overland flow of the Stream at the bridge for actual 1994 rainfall data for Southern
England.
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Figure 11 Modelled overland flow of the Stream at the bridge for actual 1994-1996 rainfall data for
Southern England.
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The water supply from the aquifer has been modelled to with a delay and an assumed limiting volume like
a simple tank. Figure 12 shows the modelled contribution to the Stream from the Fen.
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0
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30.14876

36.17851

42.20826

48.23801

54.26776

60.29751

66.32726

72.35701

Time in Days

Flow, m3 per day
Flow into Fenland from Aquifer

Figure 12 Modelled flow from the Fen aquifer to the Stream. See the modelling section for assumptions.

Adding together the overland and Fen flows gives the total flow into the Lower Wetland. This is shown in
Figure 13. The difference between winter and summer flows is obvious with summer flows being
regulated by the aquifer, and winter flows dominated by the overland runoff.

Flooding of the lower concrete path has been observed. Flooding over the lower concrete path will occur
when the outlet flow rate capacity is exceeded. This can only be estimated by observation of when this
occurs. However, considering that the outflow is partially blocked by debris and that there is no evidence
of level control, the difference in level between the path (at 87.900mOD) and the summer water levels
(87.653mOD) is about 247 mm. The area below 87.9mOD is 174 m2, and this would give a storage
volume of 43 m3 if the outflow was blocked. This is very small in comparison to the potential amount of
surface water from the catchment.

The modelled data can now be changed to examine what happens if we reduce the amount of rainfall by a
percentage. See Figure 14.
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Figure 13 The combined overland and Fen flows into the Lower Wetland for 1994 to 1996.
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Figure 14 The effect of climate change on the Fen aquifer under differing reductions in rainfall. From top
left to bottom right, no change, 75%, 50%, 25% of present rainfall.

The model shows that the Fen aquifer would start to be affected if the rainfall reduced to 75% of current
levels. The effect would take several years to be obvious in the Fen plant community, and vary from year
to year. Under the medium-high emissions scenario, and 50% reduction in rainfall, the Fen would suffer
within 10 years. Thus it is most important that water levels are maintained by some manner as high as
possible in order to balance the loss of water due to climate change.
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Figure 15 Plan of the Lower Wetland and essential features and proposals. Concrete path in pink.
Historic marsh in brown to the right and edge of rifle range in blue. Edge of wetland in green and flooded
area in solid turquoise. Proposed enlargement of wetland in dotted blue (south-east) and observation
platform in brown.

MODIFICATIONS TO THE LOWER WETLAND

The Lower Wetland is situated in the northern part of the site. From the evidence on site it appears to
have been created by bunding in the location of an old marshy area just to the east of the wetland. The
origin of the Lower Wetland could be interpreted as follows:

1. Pre 1876. Stream flowed to the east of the wetland where the land is lower. I have no data to support
this but the land is lower here.

2. Around 1876 – a rifle range was constructed with the butts facing south. A drain was dug to keep the
butts from flooding (assumed), this is the marsh marked on the 1876 and 1886 OS maps (see attached
documents).

3. Around 1886 – rifle range still marked.

4. Mid 20th Century, new estate built, excavated material from this used to fill butts and marsh and build
bund to force Stream to flow in its current route and create the Lower Wetland. Stream piped under
the concrete path.
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Lower Wetland Borehole Data

Borehole data for the Lower Wetland show that it consists of a thin layer of peat about 300 mm thick on
top of soft clay with a base layer of calcareous clayey-sand (See Tables 5 and 6). Location of boreholes
shown in Figure 15 (marked BH1 and BH2).

Depth, m Thickness, m Comments

0-0.30 0.30 Meadowsweet, damp, dark waterlogged PEAT, getting gradually siltier
with depth.

0.30-0.80 0.50 Harder calcareous (shells), green-grey, medium soft CLAY, in places very
soft. Saturated.

0.80-1.20 0.40 Dark tan, silty-clay-SAND with fine gravel and carbon deposits.

Table 5 Borehole 1 data. Location 448385.4-205440.0, resting water level 110 mm below ground level
(87.593 mOD). Ground level 87.703 mOD (local datum errors may apply). 22/7/09

Depth, m Thickness, m Comments

0-0.35 0.35 Dark black silty-PEAT

0.35-1.10 0.75 Grey-green mottled orange soft CLAY

1.10-1.20 0.1 Creamy-white sandy-gritty CLAY-SILT, appears to be weathered
limestone.

Table 6 Borehole 2 data. Location 448375.6-205442.0, resting water level 40 mm below ground level
(87.853 mOD). Ground level 87.893 mOD (local datum errors may apply). 22/7/09
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Figure 16 Lower Wetland boreholes. Borehole 1 (left) and Borehole 2 (right) core samples. Both
boreholes were 1.2 m deep. Note the upper peat deposits on wet clay, with lower base of decomposed
limestone in white (right).

Lower Wetland Modifications

The presence of the thin layer of peat and extensive stream channels leads me to consider that any pond
dug at this location is not recommended as it would:

 Fill with peat and silt within a few years

 Destroy a small peat producing wetland and so be out of character

However, it is my recommendation that the water levels be raised and the Lower Wetland to be extended
to encourage more peat to develop and have more open water.

Water Level Control and Hydraulic Structure Restoration

Such a project would require that the water level be controlled more carefully that the existing structure
can offer. The project should include the upgrading of the existing dilapidated overflow system and the
building of a new weir and sluice system. Such a system can be simple, made of concrete, easily cleaned
and will control the rate of release of water from the catchment. The control structure will need to be
designed so that sediment (mostly peat) is left in the wetland or trapped in an area that is easily accessed
and cleared. It will be necessary to inspect the structure once a year to ascertain if it needs cleaning. The
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structure should be designed so that one person equipped with boots, a spade and a wheelbarrow are all
that are necessary.

The level control structure should be designed to provide some degree of hydraulic retention in the Lower
Wetland. This will slow the flow of water from the valley and so reduce the risk of inundation down
stream. It should be noted that it is predicted that the intensity of storms will increase due to climate
change and the risk of inundation and flooding will become greater over the next fifty years. This
proposal is a responsible approach to climate change.

Lower Wetland Scrub Clearance and Managed Disturbance

In addition to increasing the water levels, the removal of the encroaching scrub and trees is recommended
in all areas including the important areas of tufa deposition. This type of maintenance will have to occur
on a regular, perhaps yearly, basis. Scrub removal could be done using a hand winch and chain or similar
system where smaller trees within the wetland can be winched out.

The removal of scrub will create hollows and holes in the peat surface. These hollows and holes should
be left open to fill with water and allowed to develop into pools. This process can be encouraged by hand
digging irregular holes in the peat up to 1 m in size and 200 to 300 mm deep, but no larger. Initially a
matrix of three to four pools could be dug, then left for a couple of years to develop. After two to three
years, another one or two could be dug, depending on the rate of closure of the initial three to four pools.
As a guide, no more than 2 % of the area should be excavated in any one year. Such smaller ponds are
ideal in this type of system and are a good alternative to one larger, and less manageable pond.

The project should include extending the wetland to the south-east side (as marked on Figure 15) by
excavating this area to a depth of 400 to 500 mm, sloped up to the banks at 30 degrees to a ledge of 100
mm depth (summer level), about 1 m wide. This open water area would be an ideal location for an
observation or dipping platform and would deter the more enthusiastic visitors from damaging the
wetland.

Access should be restricted to a location to the southeast corner where an observation platform will
provide a good viewing point and discourage forays into the more fragile peat areas. It is normal for
urban ponds to have problems of alien species introduction such as goldfish and water plants. It may be
necessary to drain the wetland in summer for a short period to kill off or trap unwanted fish. The control
of some of the more invasive water plants is considerably more difficult. If possible, avoid their
introduction.

Lower Wetland – Effects of Catchment Land Use

Proposals for land use changes within the catchment area for the Stream and Lower Wetland should be
considered very carefully as part of the planning system. The catchment area is shown in Figure 14. Any
increase in the area of impermeable surfaces due to development, or activities that could lead to increased
compaction should be avoided. Compaction of soil can be increased by; overgrazing, arable farming by
minimum till methods, vehicular traffic on grass or overuse by sporting events. If the catchment becomes
increasingly impermeable, the rate of surface run-off and thus the risk from flooding would become
greater.

The inappropriate or excessive use of fertilizers within the catchment should be avoided.
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Figure 17 Catchment areas. The Upper Catchment is129,000 m2 (outlined dotted red) and the Lower
Catchment is 83,000 m2 (outlined dotted light blue). Figure shows where land use changes will affect the
hydrology. Aerial image provided by GetMapping.com.
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CONCLUSIONS

 The existing Fen is a superb example of is kind, which has been protected from degradation because
the valley stream does not flow through the Fen.

 The Fen is in good condition, and is not a suitable location for a pond. Constructing a pond at this
location may well damage the Fen by altering the water supply to the fen.

 It is recommended that the water level within the Fen be artificially increased as summer rainfall is
expected to halve over the next 50 to 80 years due to climate change. Putting in place measures to
reduce the effect of climate change on the Fen, North Hinksey Parish Council would be acting in a
responsible manner to protect the Fen and surrounding ecosystem for future generations to enjoy.

 An increase in the water level of the Fen could be achieved by impeding or diverting the path of the
stream to create a small series of cascading ponds. These ponds will provide an open water habitat not
currently present near the Fen that will be extremely beneficial to wildlife.

 A proposal to extend the Fen has been made based on observations that an area adjacent to the Fen,
called the Upper Wetland, has all the characteristics of an old, shaded and overgrown fen habitat.
Such works should seek to raise water levels in the existing Fen as well.

 The area to the north of the site, bordering the concrete path, termed the Lower Wetland, is a good
peat-rich fen-like habitat with areas of tufa deposition. Tufa depositing streams provide a very special
habitat and are becoming increasingly rare and should be protected.

 The Lower Wetland was considered not suitable for a large open-water pond because the pond would
naturally fill up with peat and silt over a relatively short time. However, raising the water level and at
the same time excavating shallow areas for pools of open water would achieve a similar objective and
be in keeping with this type of eco-hydrological system.

 Access to the Lower Wetland should be restricted to prevent unwanted disturbance to this fragile
habitat from visitors and dogs by the construction of a viewing station in the south-east corner. This
location has a number of benefits as follows; it is easily accessed from the existing path network; the
area around the viewing platform could be excavated to extend the Lower Wetland without any
damage to it and provide more open water to be used as an educational resource (e.g. for pond
dipping).

 Alterations to the Upper and Lower Wetland would be part of a Sustainable Urban Drainage System
(SUDS) that are now mandatory in urban planning. As such, the modifications proposed in this report
would lower the intensity of peak water flows from exceptional rainfall by delaying the flow of water
from the catchment and thus reduce down-stream flooding in residential gardens.

 The Stream is moderately ephemeral (flows in winter, almost dry in summer) and is of sufficient
energy to cause damage by erosion. Any management of the site or changes to the site must mitigate
against erosion. If either of the proposals outlined in this report were undertaken, such as the
diversion and/or bunding of the stream, it would be essential to stabilize the banks with carefully
chosen small to medium sized plant species from local stock including grasses. In addition to erosion
control this would speed up the natural colonisation process.

 Proposals for land use changes within the catchment area for the Stream should be considered very
carefully. Any increase in the area of impermeable surfaces, or activities that could lead to increased
compaction should be avoided. If the catchment becomes increasingly impermeable, the rate of
surface run-off and thus the risk from flooding would become greater.
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