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Abstract        
 
 
Study to Investigate the Feasibility of Inserting Meanders into the Bourne Stream by 

James Vickers, Year 3, Geography and Environmental Management.  

This study investigates the theory behind the rehabilitation or small urban streams that 

have suffered from channalisation focusing on the Bourne Stream. A 700-metre reach 

is selected in Bournemouth’s Upper Gardens and meander wavelength, radius of 

curvature, width and depth are all calculated using an alignment first approach derived 

from hydraulic calculations. The study demonstrates the problems associated with 

naturalising an urban stream which is confined by development thus affecting the 

eventual meander wavelength selected. 
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1.0 The Bourne Stream, An Introduction  

  

1.1 Introduction 

 

The Bourne stream is a small stream that has been classified as an Ordinary 

Watercourse not a river (BSP 2003). Its catchment is roughly 12 Km2, (shown in figure 

1.2) and the stream is no more than 13km long. Of this 5.7km is culverted (mainly in 

Poole) and 7.5km is open stream. The overall fall is about 60m with a 1:100 gradient 

(Haslett 2004). The upper reaches of the stream drain a densely populated area, here two 

tributaries join together one of which is completely culverted. The stream then runs 

through an urban area which is boarded on both sides by a green corridor, this area is 

known as the Upper Gardens. This is my main area of study (see Fig 1.1), the stream 

then flows through Bournemouth Town centre through the lower gardens and into Poole 

Bay adjacent to Bournemouth Pier. The Stream is the reason Bournemouth exists, it has 

cut down the adjacent cliffs to form a break in the cliff line. The town is relatively new 

compared to the settlements of Poole to the West and Christchurch to the East. 

Victorian engineering has altered the natural shape of the stream in the Upper Gardens 

however the meanders have been retained in the lower pleasure gardens. The lower 

catchment is of high amenity value with public access to English Heritage grade II listed 

gardens.  

The Study section is the reach between Branksome Wood Road and Prince of Wales 

Road (see figure 1.1).  The section is about 700 metres long and the stream takes an 

artificially lined course through the area. Each bank is roughly 10 metres wide varying 

in places with public amenities such as footpaths, a cycle path and gravel walk way 

running close to the stream. The area, being a garden has had a number of exotic and 

native tress planted.  

James Vickers, 2005 
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5 miles 

Figure 1.2. Showing the catchment area of the Bourne Stream. The Purple out line is the 
catchment boundary, the map shows the high amount of urbanisation in the catchment. 
The only natural zones are shown in white. This is what’s left of the heath land that was 
the Bourne Heath. Adapted from BSP (2003) 

 

1.2 Aim 

To study the feasibility of introducing meanders into a 700 metre section of the Bourne 

Stream in Bournemouth.  

 

1.3 Objectives  

To assess the current condition in the stream  

To assess the current amenity, aesthetic and habitat value of the stream 

James Vickers, 2005 
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To investigate the previous course of the stream 

To investigate the reasons for the streams liner course through the Upper Gardens. 

To examine alternative management strategies for the stream 

James Vickers, 2005 
james_vickers@hotmail.com 

www.bournestreampartnership.org.uk 
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2.0 Literature Review  

 

2.1 Introduction  

Rivers and streams provide the important transfer of water from a catchment to the 

ocean. A stream consists of water that flows down slope along a clearly defined natural 

passageway. Every stream is surrounded by its drainage basin, and the size of the 

drainage basin plus the average amount of water passing through the system will 

determine the length of the stream (Skinner, ed al, 1999). 

 

These are not the only factors that determine the stream’s characteristics, the local 

geology, and human intervention play vital roles. Human activities can affect river flow 

and flood characteristics. Urbanisation by the means of forming an impermeable surface 

to which water is channelled into sewers greatly affects the lag time of a river (Goudie 

2000). River habitats are important for 3 reasons, they form an integral part of the 

landscape, they play a significant role in human activities and they can support a rich 

variety of wildlife (Holmes et al, 1998).  

 

2.2 Spatial Structure

I will adopt the terminology set out by FISRWG (1999) to describe spatial structure of 

an area at a given scale.  

Matrix – this is the dominant land cover, it can be any land cover be it anthropengenic 

or natural. 

Patch – a set amount of land that is less abundant than the matrix, however it must be 

non linear. 

James Vickers, 2005 
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Corridor – This is a patch that links other patches together in the matrix, typically for 

my study this would include a stream corridor. 

Mosaic – This is a collection of patches, they are dominant enough to be interconnected 

throughout the landscape.  

These terminologies can be used at all scales, catchment, reach or segment for example. 

The catchment refers to the area of land that drains water, sediment, and dissolved 

materials to a common outlet at some point along the stream (Dunne & Leopold 1978 in 

FISRWG 1999). Figure 2.1 below shows five spatial scales and their average size, the 

Bourne stream study would fit in to the ‘reach’ scale.  

 

 

 

 

 

W

s

J

 
Figure 2.1. 5 spatial scales, and the relationship between sensitivity and scale of each

habitat. (Ward & Trimble 2004). 
ard & Trimble (2004), state that the smaller a habitat is the higher its respective 

ensitivity to change is. A small disturbance can kill a micro habitat, however the 

ames Vickers, 2005 
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recovery time is vastly shorter than that of a catchment (referred to as a watershed in 

figure 2.1).  

Small backwaters and streams suffer from diffuse pollution, especially those in dense 

urbanised areas such as Bournemouth. A major issue that affects water quality is first 

flush events during the summer. Following a period of dry weather, heavy precipitation 

falling on a large urbanised area will be channelled by drains and surface run off into 

streams. The water will carry litter, food waste, dog foul, oil and other ground pollutants 

into the stream (BSP 2003). The water may also be of a higher temperature than the 

water in the stream inducing a thermal shock to any marine life (RSPB, NRA & RSNC 

1994). Impermeable surfaces and a lack of vegetation mean that surface water mixed 

with pollutants is fed directly into streams. Grey water is another issue associated with 

most urbanised areas, incorrectly connected drains in residential areas allows water that 

should be treated to get into the streams. (Hallett 2004). 

 

2.3 Types of Improvement 

Different terminology is used to describe the process of altering a river or stream 

channel into a more ‘natural’ state. Restoration, rehabilitation, reclamation, remediation, 

enhancement and creation are all terminologies used to describe the action of altering a 

rivers state. Restoration implies returning an eco system as closely as possible to a pre-

disturbance conditions and functions (FISRWG 1998). Stream ecosystems are dynamic 

and it may not be possible to recreate a system exactly, Brooks & Sear (2001) point to a 

number of reasons for this. The catchment as a whole system will have had some 

modifications that due to their longevity will have altered the natural processes and 

attributes of the water, sediment and nutrient fluxes. In some cases where the alterations 

were made over 100 years ago, climatic change may now be a more important control 

James Vickers, 2005 
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on the success of a restoration project. Restoration of channel process may require more 

land than is currently available to the stream (Brooks & Shields 1996). 

Rehabilitation of a river is more focused on making the landscape useful again after a 

disturbance this will involve the recovery of an ecosystems functions and processes in 

the degraded habitat (Dunster & Dunster 1996) The purpose is not to return the reach 

back to pre disturbance conditions but to establish geomorphological and hydrological 

controls which will support a natural ecosystem.  

When a rivers eco system is changed to suit another purpose, usually a human purpose it 

is described as reclamation. The new use of the river may not suit or be consistent with 

the rivers ecological functioning (Dunster & Dunster 1996).  

Remediation as defined by Rutherfurd, Jerie and Marsh (2000) occurs when a new eco 

system is established similar to reclamation, however the decision is taken when the 

previous condition of the stream no longer exists and it is not relevant to return the 

stream to its previous state.  

Some rivers especially those which flow through urban areas undergo enhancement, 

usually this is for aesthetic reasons. Rivers or streams in urban areas may suffer from 

diffuse sources of untreated urban runoff which may degrade the water quality. The 

runoff may carry contaminated sediments derived from roads and pollutants such as oil, 

rubber, metal, paints and other toxins. It is usually difficult to treat non point sources of 

pollution and is not practical. Enhancing the visual attraction of the river is viable, and 

includes the reinstatement of riffles, substrate and pools coupled with more natural bank 

forms (Brooks & Shields, 1996). Cairns (1987) in Brooks and Shields (1996), states that 

some scientists advocate that the main objective of restoration should be for ecological 

improvement.  

 

James Vickers, 2005 
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2.4 River Hydrology 

River hydrology is well documented, the subject of reintroducing meanders into a 

stream or river that has been anthropogenically altered is only a recent topic. Many 

urban and rural streams within Europe and North America have had their natural routes 

altered by hard engineering during the late 19th and early 20th century. An example of 

stream rehabilitation is the Tronglreep in the Netherlands. The stream was channalised 

in 1890, similar to the Borne stream. The Tronglreep is only 1.4 km long and managers 

used historic maps and the stream’s discharge pattern to plan the meandering route. 

Inundation was avoided due to the eutrophic nature of the water, this meant that changes 

were made to the nature of the meanders so that high flows did not overtop the stream 

banks (Jasperse 1998)   

Rivers and streams are seldom straight. Many straight channels prove to be unstable 

both in the lab and in nature. It has been noticed that even in straight channels the 

thalweg will move from side to side, the profile of a stream will show a series of pools 

and riffles. Once the pools and riffles have developed many channels develop a side to 

side swing (Goudie 2000). Meanders occur mostly in channels cut in fine grained 

alluvium that have gentle gradients (Skinner, et al., 1999).  

Channel geomorphology is defined by width, depth, length and slope (Briggs 2001). For 

engineering purposes it is assumed that a stream has a steady flow in which the depth 

does not vary. The depth must also be constant. These assumptions are not true for any 

natural stream but allow us to make calculations (Morisawa 1968).  

Measurements of stream discharge are made at gauging stations. Discharge is given the 

letter (Q), “(Q) is defined by the continuity equation as a product of cross-sectional area 

(A) and mean velocity (v)” (Knighton 1998).  

 

James Vickers, 2005 
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Q = A.v = w.d.v 

Where Q= Discharge (m3/s-1), A = Area (m2), V = Velocity (m/s) 

Knowing the stream’s discharge allows us to compute the Stream Power defined, where 

(y) is the specific weight of water (=pg), Q is discharge and s is slope. The value of Ω is 

an expression for the rate of potential energy expenditure per unit length of channel 

(Knighton 1998). 

Ω = yQs 

Where Ω = Stream Power (Wm_1), y = Specific weight of water,  

Q = Discharge (m3/s-1), s = slope (m) 

RSPB, NRA & RSNC (1994) offer a variation that includes the channel width at bed 

level given the letter (b)  

Ω = (yQs) /b 

 

The two calculations above are important to the calculation of meander wave lengths 

when attempting to recreate meanders in a stream reconstruction. There is a danger in 

relying upon these computed values, little is known about flow resistance caused by 

vegetation in different forms and at different stages of growth. The Manning’s equation 

can be used to calculate roughness for engineered channels but not for vegetated 

channels. The river Enz in Germany was reconditioned, with a width of 90 metres. This 

two stage channel has a conveyance capacity of 800m3s-1, this is greater than the design 

discharge of 450m3s-1. The freeboard with this discharge was about 1 metre in excess of 

what was required. But down stream meanders were created along with some small 

islands, this raised the flood water by 0.4 metres at the upstream end of the 1.3 Km river 

section. 0.6 metres was required to allow for the flow resistance caused by short rows of 

willows used for erosion protection. (Petts & Calow 1997) 

James Vickers, 2005 
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Sinuosity is the tendency of a river to move back and forth across its floodplain, to 

measure this value a streams thalweg is needed. There are a number of ways to measure 

sinuosity of a stream, show in figure 2.2. 

Sinuosity Ratio Source 

Thalweg Length  

Valley Length  

Leopold and Wolman (1957) 

Channel Length   

Length of meander belt axis 

Brice (1964) 

Stream Length  

Valley Length  

Schumm (1963) 

Figure 2.2, table listing different methods of sinuosity calculation. Source: (Morisawa 
1968) 
 

 

As the water moves in a winding pattern it develops a centrifugal force which causes a 

superelevation of the water level on the outside of the bend. This causes water to pile up 

on the out side of the bend. This increases the helical flow giving a strong downward 

movement on the outer edge causing erosion, material is then moved to the inside of the 

bend allowing deposition (Morisawa 1968).  

 

2.5 Meander Reintroduction  

 Reintroducing meanders back into a stream that has been straightened or channelised 

can be achieved by different means. It may be possible to allow meanders to develop 

naturally within a restored channel by the process of erosion and deposition (Brooks, 

Shields 1996).  Brooks & Shields (1996) cites that Hasfurther (1985) stated that full 

reliance on natural processes may generate large scale disequilibrium during the period 

of adjustment.  

James Vickers, 2005 
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Brooks & Shields (1996) outline four methods of planning the locations of meanders 

into a stream layout. 

1) If the previous meander locations are known then a ‘carbon copy’ can be made, this 

method can only be used if hydrology and bed materials are very similar or identical 

to pre altered conditions.  

A study of historical maps may help to establish the model image of the stream. 

They may provide not only the present planform of the river, but also its past forms 

and illustrate the mobility of the bed. Ariel photography and infra red images may 

reval previous oxbows and other features that could not be detected from the ground 

(Petts & Calow 1997). 

2) Using empirical calculations that allow computation of meander wave lengths, given 

the letter (L) and amplitude. The calculations are based upon channel width (w) and 

discharge (Q). (Figure 2.3)  

There have been many formulas to calculate (L), a typical one is put forward by 

Ackers and Charlton (1970) relating meander length and bankfull discharge. 

L = 61.21Q0.467

Other formulas incorporate bed sediment size or the fraction of silt/clay in the 

channel perimeter whilst others have shown that specification of channel alignment 

requires meander radius curvature (rc), this value lies between 1.5 and 4.5 times the 

channel width (w). 

3) A basin wide analysis, this calculates fundamental wavelength, meander radius of 

curvature and meander belt width in areas ‘reasonably free of geologic control’ 

Fourier analysis may be used with data digitised from maps. Fourier analysis studies 

approximations and decompositions of functions using trigonometric polynomials 

(Rusin 2000). The data are able to determine fundamental meander wave length. 

James Vickers, 2005 
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Figure 2.3, Variables used to describe and design meanders. 
Brooks & Shields (1996) 

4) Studying undisturbed meanders further along the streams reach, the dimensions of 

these meanders can be implemented into the restored section  

(Brooks & Shields 1996). 

 

Downs and Gregory (2004), also highlight other methods such as the use of ground 

photographs used for interpretation of channel cross section through time if the 

photographs can be referenced to a common point. Narrative accounts of the stream in 

the past can help to give clues to past channel environments including vegetation 

communities however it must be viewed within the prevailing cultural attitudes towards 

the environment. Other more expensive methods such as floodplain stratigraphy can be 

adopted, absolute floodplain stratigraphy can be mapped by the use of carbon 14 dating 

of organic material.  

 

James Vickers, 2005 
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There are other constraints to meander planning such as channel incision, economic or 

land use adjacent to the stream’s previous course. Urbanisation has occurred along 

many channelised streams making it impossible to implement meanders with the correct 

wavelength.  

If meanders are to be reintroduced into a stream then a study of bank protection is 

required. It was mentioned earlier that the outside bend of a meander will have high 

levels of erosion and the inside have deposition occurring. In an urban situation it is 

advantageous to keep the river ‘fixed’ as space is at a premium on the floodplain.  

 

2.6 Channel Symmetry  

Modified river channels are usually symmetrical with a modification to the depth:width 

ratio, over widened cross sections have a larger than natural width:depth ratio, this may 

allow the settling of sediment. Shown in figure 2.4.  

 

Figure 2.4, diagram of an over 
widened river channel. (Brooks & 
Shields 1996) 

Over-deepened cross sections will have a lower than natural width:depth ratio and cross 

channel water movements will be encouraged to occur, shown in figure 2.5 (Brookes & 

Shields 1996). 

 

 

James Vickers, 2005 
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Figure 2.5, diagram of an over 
deepened channel showing cross 
water movement. (Brooks & Shields 
1996) 

 

 However over-deepening channels transfers flood peaks downstream more quickly, and 

can lower floodplain water tables (Petts & Amoros 1996).   

A natural cross channel profile is asymmetrical with one section being deeper than the 

other. (figure 2.6). Changes in the asymmetry of the channel can be used to influence 

local scour and deposition. Changes in width:depth ratios can control sediment transport 

along with slope gradient.  

 

Figure 2.6, diagram showing a meander with natural cross sections, 
note X-X with a deep pool on the right and deposition bank on the left.  
(Brooks & Shields 1996) 

 

 

 

A natural cross channel profile is asymmetrical with one section being deeper than the 

other (figure 3.3). Changes in the asymmetry of the channel can be used to influence 

local scour and deposition. Changes in width:depth ratios can control sediment transport 
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along with slope gradient. The changes in channel symmetry is due the pool – riffle 

sequence that develops. The reason for development is not well known (Brooks & 

Shields 1997). Pools are characterised by relatively deep slow flowing water where as 

riffles are characterised by more rapidly moving water with an accumulation of 

relatively coarse material (Petts & Amoros 1994). In terms of habitat pools constitute 

50% and riffles 30-40%. Pools are often 25% narrower than the preceding riffle, with a 

riffle being located at the apex of a meander as shown in figure 2.6. At low flows the 

riffles will force the water to become turbulent at lower flows, this helps to oxygenate 

the water (NRA 1994 cited in Brooks & Shields 1997). 

 

2.7 Long Profiles 

The long profile of a river is a description of the length against height of a river and is 

determined by the slope of the valley floor. This can be viewed at different scales, at the 

basin scale the long profile will change due to coastal uplift or changes in the base level 

of the river. At the segment scale lakes, reservoirs and man made objects such as dams 

control the long profile. At the reach scale flood deposits, bedrock and small structures 

will have a dramatic effect on the profile. The slope of the long profile will determine 

the energy of the water especially at bankfull conditions. During restoration careful 

planning of the slope must be addressed, if the slope is too shallow then deposition may 

occur, too steep and down cutting will occur (Brooks & Shields 1996).  

 

2.8 Bank Stabilisation  

2.8.1 erosion controls 

All the erosion processes that act upon banks can according to Abernethy & Rutherford 

(1999) be grouped together into three erosion controls: 

James Vickers, 2005 
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• Sub aerial erosion – this would be external factors such as rain splash. 

• Scour – this encompasses all types of removal of sediment and aggregates by the 

flow of the stream. 

• Mass failure – this would include slump failure of the banks.  

All three erosion factors will occur through out a catchment and at each scale, however 

Abernethy & Rutherford (1999) cite that at any given place one of these factors will be 

dominate over the others. Which of these processes that will be dominant will change as 

one moves down the stream. Scour will be dominant in the mid catchment reaches while 

mass failure is more common as bank height increases in the lowland areas. Sub aerial 

processes will be dominant on smaller streams.  

If the correct vegetation is selected then it will reduce the rate of bank erosion, shrubs 

and grasses on the bank face coupled with macrophyte species at the bank toe will offer 

protection from sub-aerial erosion and scour.  

 

2.8.2 Bank Protection 

There are different forms of bank protection, this includes revetments and lining 

materials. Revetments can be permeable or impermeable and are structures placed on 

top of soil banks to prevent loss due to erosion by the stream. Rip rap and gabion 

baskets can do a similar job (Downs, Gregory 2004). 

Bank stabilisation can include bank re-profiling, using rule straight batters can develop 

slips and they will discourage diversity. Natural looking banks are a preferred method, 

incorporating steep and shallow sloping areas. Rivers with a high amount of wildlife 

should not be re-profiled (RSPB, NRA & RSNC 1994). If previous bank support is 

removed from a stream’s banks then erosion will occur before the stabilising wildlife 
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has a chance to colonise. Types of protection available are willow spiling, faggots, 

timber sheeting and rocks.  

 

2.8.3 Plant Vegetation 

The use of vegetation along a bank in order to protect it is controlled by river level, this 

is the dominant factor affecting plant growth. Seibert (1968) cited in Petts & Calow 

(1997) defines four zones of vegetation horizons along a riverbank. The four zones are 

depicted in figure 2.7.  

1) Aquatic plant zone, protection offered by plants near the water surface, the effect 

decreases with depth. 

2) Marginal and emergent zone, comprising plants which either grow up and out of 

the water with emergent leaves and steams. These grow in depths of up to 2 

metres but most species are confined to 0.5 metres. 

3) Damp seasonally flooded zone, the principle zone for natural bank protection 

supporting grass and fast growing shrub and tree species. 

4) Dry occasionally flooded, plant life unaffected by water level regime. 

(Petts & Calow 1997) 

 

The damp seasonally flooded zone, is traditionally thought of as the main zone for 

natural bank protection, grass based communities which can be mown to encourage 

rooting and minimise potential resistance to flow in periods of high precipitation are 

popular. Planting trees along the bank ward edge of this zone will stabilise the bank and 

provide shading to discourage too much plant growth (Petts & Calow 1997). 
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Figure 2.7, Vegetation horizons along a riverbank based upon Seibert (1968) cited in 
Petts & Calow (1997) 

 

Different types of vegetation will have different qualities when it comes to stabilising a 

bank and reducing erosion.  The higher and steeper a bank the more its zone of 

influence extends deeper into the bank, leading to larger portions of the bank vulnerable 

to scour and sub aerial processes (Abernethy & Rutherford (1999). Abernethy & 

Rutherford (1999), NCDG (2000) and FIRSWG (1998) all talk about the varying 

recommended width of a vegetation corridor. The corridor separates the stream form the 

matrix, it acts as a buffer from potential pollution or sediment, provide shade, reduce the 

nutrient load in streams, provide riparian wildlife habitat, protect fish habitat and 

provide a visually appealing green belt (FIRSWG 1998). There is no set agreed width to 

the buffer size, FIRSWG (1998) state that in the USA the distance ranges from 20ft to 
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200ft, Abernethy & Rutherford (1999) suggests that in Australia the minimum should 

be 5 metres. 

USDA (1999) prefers to offer suggestions for a zoned system where by different species 

of trees and grasses are planted but no overall distance is recommended.  

 

2.8.4 Aquatic plants  

Aquatic plants will offer good erosion control and add stability to a low flow regime, 

they will assist bank stability by protecting the toe of the bank. However as plant 

density increases then they can cause the channel flow to be deflected into the channel 

bank in turn causing erosion. They may block a channel and aggravate upstream flood 

levels. (NCDG 2000).  

 

2.8.5 Ground Covers 

This is the most effective form of soil erosion control which control soil scour, they will 

not control mass movement of soil leading to bank failures. These plants have a shallow 

root system thus they only bind the surface soil together, but will help stabilise the bank 

during the early stages of revegetation (NCDG 2000). 

 

2.8.6 Shrubs and Woody Weeds

These can offer protection to the soil by slowing down the velocity of the water which is 

in contact with the bank, they also increase bank strength depending on the height of the 

bank and depth of the root system. However soil erosion may occur around the edge of 

isolated plants, they are unlikely to prevent undermining of the bank unless planting 

occurs close to the toe of the bank. Combined these plants have the greatest potential to 

affect the hydraulics of the watercourse and have an impact upstream (NCDG 2000). 
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2.9 Trees

Trees will offer little protection against soil erosion, they can however if their spacing is 

less than 5 times their trunk diameter, stabilise the bank. When a bank becomes 

saturated during a flood event they help prevent toe erosion. When the branches of the 

trees are above the flood level they offer little resistance to the hydraulic flow (NCDG 

2000).  

Trees will also have a shading effect upon a reach, the shading will offer protection 

against weed growth. Common Alder (alnus glutinosa) was the species chosen to 

populate the banks of streams in the Luneberger Heide, Germany. It was chosen 

because of its tolerance to damp conditions coupled with its deep rooting bank 

stabilising root system. A 10 to 15 year tree-cutting program prevents adjacent farmland 

from being shaded excessively. The costs were found to be half of those associated with 

weed cutting and dredging. This omitted the loss of some agricultural land that once 

boarded the streams (Petts & Calow 1996). 

Trees do not bind the soil together as is commonly thought they do however offer bank 

stability, they will stabilise a bank up to 3 metres high. Undercutting below a trees root 

plate caused by stream flow is not a problem providing the cut is not more than a 

quarter of the bank height. As the face of the cut moves further in to the bank the 

velocity of the water slows, providing a unique habitat at the same time (Rutherford, 

Jerie & Marsh (2000).  

Willow trees (Salix caprea) have been found in Australia to improve bank stability, and 

have proved to be better than if no vegetation protection exists at all. Banks planted with 

willows are 80% more resistant to fluvial scour than grassed banks. Problems arise 

because of the shallow root systems of Willows. The roots grow close to the bed 
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trapping sediment and raising the height of the bed around the roots. This has the impact 

of moving water onto the floodplain. Large-scale removal of willows will cause a pulse 

of sediment that will migrate down stream (Rutherford, Jerie & Marsh 2000).  
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3.0 Methodology  

 

3.1  Objectives 1 & 2 

Objective 1 - To assess the current condition in the stream 

Objective 2 - To assess the current amenity, aesthetic and habitat value of the stream   

Method: 

3.1.1 Maps 

In order to assess the current state of the stream a detailed map is needed of the area, the 

section is only 700metres long in length by a maximum of 39 metres wide so an OS 

map of 1:25000 will be inadequate. A detailed map is required that must be of 1:10000 

or greater, will be required from Digimap. This is to be used as a base map for the 

mapping exercise. The length of the stream and the exact length of the reach will be 

calculated by Arc View software.  

 

3.1.2 Channel Slope 

Channel slope will be calculated by using a 1:10000 map with visible contours. By 

using the plotted length of a river’s plan form between contours. However this is only 

an approximate as gradient is dependent upon bed forms, and any man made obstacles 

will change the height (RSPB, NRA & RSNC, 1994). It is not possible to take a field 

survey of the slope. Slope can be obtained by measuring over three riffle crests with the 

middle riffle being used as the site for a surveyed cross section (RSPB, NRA & RSNC, 

1994). However the reach in question does not contain any riffle or pool sequences so 

an approximate channel slope will be used.  
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3.1.3 Cross Sections  

Cross section measurements are needed in order to calculate stream flow, the 

calculations for flow were outlined earlier. A tape measure will be stretched across from 

bank to bank, vertical depth measurements are then made from the tape to the river bed, 

using the water level as a datum. 20 measurements are recommended by RSPB, NRA & 

RSNC (1994), the cross sections measurements should be taken from left to right facing 

downstream (Willingford 2004), calculations on stream power can then be calculated. 

The stream’s velocity will be recorded when ever a cross section is measured. The cross 

section locations should be done where the substrate of the river changes.  

 

3.1.4 Flow Readings 

Whenever a cross section is recorded the stream’s velocity will also be measured using 

a flow meter. The stream’s velocity is needed to calculate the erosive power of the 

stream, this will in turn affect the type of bank protection selected. A stream’s velocity 

distributions are shown in fig 3.1 below. Equal lines of equal velocity (isolevels) are 

drawn, they are closest together near the boundaries. In general the highest isolevel is 

found in the centre with the fastest velocity being found just near the surface depending 

upon channel shape, roughness and sinuosity (Morisawa 1968). Measurements of 

stream velocity will be taken in the centre just below the surface for this reason.   

 

3.1.5 Mapping 

General mapping of the area and the stream will be done using the River Corridor 

Survey method, developed during the 1980’s (RSPB, NRA & RSNC 1994, Holmes 

1998). Data collection is usually based on a 500 metre section of stream or river. It 

mainly relies on observational data using symbols on a base map build up a picture of 
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the area and the surrounding the stream. At 50 metre intervals a spot check is carried 

out, this records channel substrate, habitat features, aquatic, vegetation types, the 

complexity of bank vegetation structure and the type of artificial modification to the 

channel and banks. Species identification of macrophyte fauna will be difficult, as the 

gardens have been planted with exotic species.  

 

 

Figure 3.1. Velocity distributions in transverse cross-section in channels of 
different shapes. (Lane 1937 cited in Morisawa 1968) 

 

 

 

3.2 Objective 3 

Objective 3 - To investigate the previous course of the stream 

Method: 

Library studies will be needed to locate old maps of the river’s course, the town is only 

200 years old so planning maps should exist. However the reach under study is not close 

to the centre and is on the border with Poole which used to be a county as well as a 

borough border. This puts the reach on the edge of any map and there is a possibility 

that it is omitted from most maps which focus on the town centre.    
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3.3 Objective 4  

Objective 4 - To investigate the reasons for the streams liner course through the Upper 

Gardens. 

Method: 

Bournemouth Council may hold information on the reason behind the streams straight 

and concrete course through area, the library may also hold development records as this 

was a relatively big engineering project.  

 

3.4 Objective 5 

Objective 5 - To examine alternative management strategies for the stream 

Method: 

In order to investigate alternative management strategies for the stream the council will 

be contacted to discover if they have any future plans for the stream. The Bourne 

Stream Partnership will also be consulted as they have a direct influence over the 

management of the stream in both Bournemouth and Poole.  
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4.0 Results 
 
4.1 Objective 1 - To assess the current condition in the stream 

 
Results include slope, river discharge calculations, the rivers sinuosity value and 8 cross 
sections giving a visible image of the river channel.  
 
 
4.1.1 Slope 
 
Total distance between contours = 1263.968740 m  
Total fall between counters         = 10 m 
 
Slope = 0.007911581 (m/m) 
 
 
4.1.2 Discharge Calculations 
 
Cross Section Area (m2) 

Norm      Full  
Velocity (m/s) 
Norm      Full 

Q (m3/s) 
Norm      Full 

Ω (Wm-2) 
Norm       Full 

1 0.4146 1.7982 0.49 2.668 0.2032 4.798 0.0157 0.372 
2 0.2108 1.48 0.76 2.569 0.1602 3.802 0.0124 0.295 
3 0.2062 1.1.8258 1.08 2.616 0.2227 4.776 0.0173 0.370 
4 0.2562 N/A 0.89 N/A 0.2280 N/A 0.0177 N/A 
5 0.2336 N/A 0.70 N/A 0.1635 N/A 0.0232 N/A 
6 0.4256 N/A 0.40 N/A 0.1702 N/A 0.0133 N/A 
7 0.5418 0.36215 0.06 2.686 0.0325 2.686 0.0025 0.208 
8 0.2224 N/A 1.26 N/A 0.2802 N/A 0.0217 N/A 
 

Average Discharge at Normal Flow       Q = 0.18257 m3/s 

Average Discharge at Bank full discharge      Q = 4.01533 m3/s 

Average Stream Power at Normal Flow      Ω = 0.01549 Wm-2 

Average Stream Power at Bank Full Discharge Ω = 0.31145 Wm-2  

 

4.1.3 Sinuosity Value 

Stream Length = 645.862255 m 

Valley Length  = 615.973682 m 

Sinuosity Value = 1.04852525 
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4.1.4 Cross Sections 

Cross Section 1 

 

Cross section 1 is found at the most southern section of river (figure 4.1). The cross 

section shows the left bank to have a slope of 59º and the right bank to have a slope of 

89º. The left wall has its top exposed with a depth of 45cm, the right bank has had top 

soil piled on top of the wall. Both walls are in relatively good condition. The bed is 176 

cm long and shows signs of over deepening on the left side. Or deposits have built up 

on the right hand side. The wetted perimeter is 221 cm. 

 

Cross Section 2  
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Cross section 2 is found further upstream, and is narrower then cross section 1. The left 

bank has a 70º slope and the right bank has an 89º slope. Top soil has been pushed on to 

the tops of both walls, again the surface is not even with the left side being higher than 

the right side by 7cm. The bed is 170cm wide with a wetted perimeter of 195cm. 

 

Cross Section 3 

 

Cross section 3 is located up stream of cross section 2 (figure 4.1). The area surrounding 

it and the banks are saturated with water. The left bank has an angle of 68º and the right 

bank has an angle of 59º.  The bed has a different shape to the previous two, the left side 

is shallow at 4cm then deepens rapidly to 14cm. A sudden rise was caused by debris 

from other sections of the wall lying on the bed. The bed then gradually rises up with 

deposits on the right hand side. Evidence of bed erosion is clearly seen here as the bed 

was originally flat bottomed. The bed is 190cm wide with a wetted perimeter of 205 cm. 

The right hand wall is intact however the bank shows evidence of erosion with a gully 

forming behind the wall.  
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Cross Section 4  

 

Cross section 4 has a marked difference between each bank, the left side has a shallow 

gradient which was too long to be recorded compared to the right bank which has an 

angle of 69º. Dense vegetation (bushes & shrubs) is found on the right bank with only 

grass growing on the opposite bank. The left bank wall is upright with parts falling 

away compared to the right bank which is collapsing into the stream. The bed is 160cm 

wide and relatively flat compared to the previous beds with a wetted perimeter of 

191cm.  

 

Cross Section 5 

 

Cross section 5 is found in the centre of the reach (figure 4.3), here the banks have a 

shallow gradient that was too wide to be included. The walls are in good condition, with 
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no vegetation on top of them. The bed is only 120cm wide with a wetted perimeter of 

160cm.  The bed is deeper on the left side at 23cm and shallower on the right side. The 

bed is uneven with parts of the original concrete bed intact in places.  

 

Cross Section 6 

 

Upstream of the first weir is cross section 6 (figure 4.3). The banks are walled however 

the wall is barely visible as the tops of the wall are covered by grass. The left bank has a 

gradient of 39º whilst the right bank has a gradient of 18º. The bed is uneven with a 

width of 200 cm, a gully has formed on the right side which is 28 cm deep. The rise to 

the left of the gully is the original bed of the stream. The wetted perimeter is 313cm, 

which is the largest wetted perimeter of all the cross sections.  

 

Cross Section 7  
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Cross section 7 is narrow and deep. The right bank has an angle of 51º and the left bank 

has angle of 25º. The wall is similar to cross section 6, the vegetation has grown over 

the wall and the wall is not visible form the bank. This is the deepest cross section with 

a maximum depth of 43cm, the bed has an overall ‘U’ shape which is expected of an 

engineered channel. The bed is 140cm wide with a wetted perimeter of 212cm.  

 

Cross Section 8  

 

Cross section 8 is the most northerly of the cross sections, and found east of the gauging 

weir on Branksome Wood Road (figure 4.3).  The banks are of different heights, the left 

bank has an angle of 38º and the right has an angle of 50º. The bed is uneven, with 

deposits of other parts of wall in the bed. The right side is deeper with a maximum 

depth of 16 cm compared to only 5cm on the left side. The bed is 200cm wide and has a 

wetted perimeter of 238cm.  

 

4.2 Objective 2 - To assess the current amenity, aesthetic and habitat value of the 

stream 

Figure 4.3 is an A3 map based upon the RCH method outlined by RSPB, NRA & 

RSNC (1998), extra symbols have been added and are shown in the key. The extra 

symbols are included because no symbol exists to represent the information. Other 
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symbols have been omitted as they would clutter the map with information that does not 

need to be shown for the purpose of this study. 

 

 

 Figure 4.1 RCS symbol for mown grass 

 

 

 

 

Figure 4.2 RCS symbol for artificial bank protection

The matrix of the study reach is mostly mown grass (figure 4.1), the decision has been 

taken to omit this from the map to save cluttering the map. For the same reason the 

symbol for artificial bank protection (figure 4.2), has been only used where the artificial 

bank protection is in good condition. It should be noted that on the RCS map (figure 

4.3) the artificial bank protection is present along both banks for the entire reach. 
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 Figure 4.3. RCS map of Study Reach 
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Photos indicated on RCS map (figure 4.3). 
 
Photo 1 (all Photos are taken by Vickers 2004) 
 

 
 
Looking upstream at the reaches northern end, there is evidence of weed or grass 

growth on the riverbed and bank vegetation growing on top of stone wall. On the left of 

the picture part of the wall has been eroded and the stream is attacking the bank.  

Photo 2  
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Looking downstream, the stream is much narrower and deeper than before. Again the 

vegetation is growing on top of the wall, under the vegetation the wall is in a worse 

condition than up stream. The dark patch of soil on the right bank is a bog area. 

Photo 3  

 

Looking upstream just before the weir, the difference in width is due to the wall failing 

on the north bank (right hand side). The exposed soil on the north bank surrounds a tree, 

the flow of the water is slow here due to the weir just downstream. 

Photo 4  
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Looking downstream, the weir shows evidence of high flows by the still pool of water 

on the bottom left of the picture. The retaining wall is in bad condition and erosion and 

undercutting are affecting the bank. Just after the weir on the right hand bank the top of 

the wall is visible and in relatively good condition. Below the weir the water velocity 

has increased. 

Photo 5  

 

Looking downstream, 50 metres from the weir, the south bank wall has collapsed and 

left the earth to be exposed, along both banks the vegetation only lightly covers the top 

of the wall. 
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Photo 6  

 

Looking upstream, just after the seconded footbridge, up until and just after the bridge 

the wall is in good condition until the section shown in the bottom of the picture. The 

foundation of the wall is still visible on the bed but has been scoured out behind. There 

is little grass cover on the north bank (bottom of the photo). On the south bank 

Rhododendron bushes have grown up to the bank.  

Photo 7 
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Looking down stream, the wall is being over grown by vegetation on both sides, in 

places the vegetation has weekend the structure. Weed growth is visible and the water is 

relatively shallow.  

Photo 8 

 

Looking downstream before the second weir, the wall just after the weir is intact on 

both banks. The still water on the left bank could be rain water which is unable to drain 

away or river water that became trapped after a high flow event. The wall on both banks 

has been overgrown by vegetation, further downstream the right hand bank has suffered 

from water saturation and the path that runs alongside the river has been raised. 
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Photo 9 

 

Looking downstream on a straight section of the reach, the stream is narrow and 

vegetation has grown on top of the wall. The wall is similar condition to the upper 

photos, in places the vegetation has weekend the wall.  

Photo 10 
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Looking downstream, good evidence is shown of the condition of the wall on the right 

bank. The vegetation has been removed on the right hand bank, exposing the condition 

of the wall, this is how the wall looks underneath the vegetation on other sections of the 

reach. 

Photo 11 

 

Looking downstream just after the last foot bridge. Similar too the previous bridge thick 

rhododendron has grown on the south bank (right bank), the stream is shallow here. At 

the top of the photo on the left bank a tree can be seen which has grown into the wall, 

the wall has been displaced and then removed by the stream. The top of the wall is 

partly visible along this stretch but is in bad condition. 
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Photo 12 

 

Looking downstream from the bridge mentioned in photo 11, the picture was taken to 

demonstrate the poor condition of the wall which is leaning into the stream. It also 

shows the bed of the stream, most of the material is made up of parts of the wall and 

down cutting into the stone bed is evident.  

Photo 13 
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Looking downstream, the south bank (right side) is saturated with water and a board 

walk has been constructed just out of view. The wall is in a bad condition at the front of 

the picture and small slumps can be seen on the north bank. At the back of the photo the 

wall is in better condition and the end of it can be seen on the north bank. It can be seen 

from the picture that this part of the river does meander compared to the upper parts of 

the reach. 

Photo 14 

 

This photo is just downstream of photo 13, the river deepens here and narrows, the wall 

on the north bank (left side) can be seen jutting out. Blocks of wall can be seen in the 

stream just before the wall.  

 

4.3 Objective 3 - To investigate the previous course of the stream 

The earliest map of Bournemouth that shows the study reach is the Ordinance Surveys 

1874 one inch to six miles map (figure 4.4). The study reach has not been urbanised and 

most of the stream hasn’t been added to the map. The area simply has a marsh symbol 
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which would tie in with written accounts that the area was called the ‘meadow’. 

Branksome road has now been renamed to Prince of Wales road which is the Easterly 

end of the study reach. The dashed lines along the east end of the reach are most likely 

to represent the town boarder rather than indicate information about the stream.  

 

 

 

 

Prince of Wales Rd 

Key Study Area  
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Figure 4.4 
1874 map of study area, the river is not shown but indicted by ‘marsh’ 
symbols. Urban development has not yet started. Source: Adapted from OS 
1874 map of Christchurch & Bournemouth. 
J Powell’s 1883 map (figure 4.5) does show the course of the river through the study 

each, however the map is badly drawn. It shows that Branksome Road has been 

enamed to Prince of Wales Road, Branksome road has been extended along the 

orthern limit of the study reach, and crosses the stream to join Surry Road. The map 

oesn’t show whether hosing has been built along the reach.  
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Figure 4.5. 
 Map of study reach in 1883 showing the river Bourne. Source: Adapted 
from TJ Powell’s 1883 map of Bournemouth. 

Prince of Wales Rd 

Branksome Wood Rd 

However both the OS 1884 and Hankinson 1885 (figure 4.6) show housing bordering 

both banks of the study reach. The TJ Hankinson’s map (figure 4.6) shows the Bourne 

river very clearly and can be compared to modern OS map for comparison.  
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Key  Study Area  

Figure 4.6, 1885 map of Bournemouth showing that by 1885 residential 
housing had surrounded the reach. The quality and clarity of the map allows 
comparison with the course of the Bourne today. 
Source: Adapted from TJ Hankinsons 1885 map each square = 500 sq feet.  

 

4.4 Objective 4 - To investigate the reasons for the streams linear course through the 

Upper Gardens 

There is little literature about the upper gardens in Bournemouth. The area was once 

known as the ‘meadows’ (Green 1945). The lower gardens were planned in 1841 by Dr 

A.B Granville (unknown source) it wasn’t until 1873 that the meadows were drained 

(Mate and Riddle cited in Unknown Source). No other reference is made about the 

reach, it is mentioned that in 1935 a stone wall along the bank was constructed from 

Exeter Road which to the east of the study area extending to the sea.  
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Straightening a natural stream during the late 19th and early 20th century was common 

practice, many channels were straightened, deepened and some lined with concrete or 

stone. Vegetation is often cleared to stop debris blocking the stream. (Giller & 

Malmqvist, 1998) 

 

4.5 Objective 5 - To examine alternative management strategies for the stream 

The Bourne Stream Partnership (BSP), have outlined plans for the study reach and the 

reach down stream.  A plan of this is shown in figure 4.7 the plan involves realigning 

the stream and removing the stone wall. The banks are to be regarded, certain trees 

removed for clearer views of the stream from the path. Both patches of Rhododendron 

will be removed and the inclusion of Sustainable Drainage Systems (SUDS). (BSP 

2004). 
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5.0 Discussion  
 
 
5.1 Obtained Results Analysis 

5.1.1 Slope 

The stream has a low slope value, for every metre along the ground the fall is only 

0.00791 metres.  

 

5.1.2 Sinuosity  

 The channel as expected, has a low sinuosity value at 1.04852525. A completely 

straight channel will have a sinuosity value of 1. Straight and meandering channels are 

identified by having a sinuosity value lower or higher than 1.5 respectively. Not all 

values below 1.5 will indicate a straight channel as it may be braided (Petts & Amoros 

1996). The higher the sinuosity value the more natural the stream is perceived to be and 

the higher its associated habitat value (ARA 2003).  

 

5.1.3 Stream Flow (Q) 

The observed stream flow value was measured during the winter, the average across 8 

cross sections was 0.182571 m3/s. Due to less input from the catchment during the 

summer it can be presumed that summer flows will be less than the observed winter 

flow. It would have been advantageous to aquire stream discharge for a much longer 

period rather than just a winter flow that has not been recorded over time. A longer time 

period would have allowed a flow duration analyisis to be carried out, given a bankfull 

figure for use in determining meander size.  

James Vickers, 2005 49
james_vickers@hotmail.com 

www.bournestreampartnership.org.uk 



Study to Investigate the Feasibility of Inserting Meanders into the Bourne Stream 

5.1.4 High stream discharge event 

Records of yearly discharge could not be obtained from the Environment Agency in 

time, however data is available of an extreme event cited in Hallett (2004) with data 

supplied by BSP (2003). A rainfall event in October 2003 in which 34.9 mm of 

precipitation fell between 12.15 on the 22/10 and 07.30 on the 23/10. The storm 

hydrograph is shown in figure 5.1, it shows an instant reaction to the rain fall event and 

within 4.5 hours of the rainfall ending the flow had returned to normal. The hydrograph 

is typical of a catchment that is impervious and enhances overland flow.  

 
Figure 5.1. Storm hydrograph of October 2003 showing a peak of 1.77m3/s 
Source: Hallett (2004) with data supplied by BSP (2003)  

 

A discharge 1.77m3/s-1 will be used in any subsequent equation to provide a balance, 

although this figure is not bankfull discharge it will be used as it is the only source of 

data from the field that shows an extreme event Hallett (2004) also states that the 

Bourne Stream’s average annual discharge (Q) is 0.05 m3/s-1, the source does not say 

over what time period this has been measured however it will also be used where 

relevant to help predict channel parameters. 
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5.2 Bankfull Discharge (Qb) 

5.2.1 Bankfull Discharge using field data  

Many calculations including stream power rely upon a figure for bankfull discharge. In 

order to calculate bankfull discharge the velocity in m/s is needed. As mentioned earlier 

no figure has been recorded in the field so the Manning’s N formula show below will be 

used to calculate bankfull velocity. 

V(m s-1)= R2/3*S1/2

          n         

Where: R = Wetted Perimeter, S = slope, n = Manning’s number.  

The value of ‘n’ can be approximated, the Manning’s number is a representation of the 

stream beds roughness. It is possible to calculate ‘n’ using the Strickler equation, 

however this only applies to non vegetated channels (NDCG 2000). Consideration has 

to be taking into account as the Manning’s n value will decrease with decreasing depth 

except where the banks are much rougher than the bed (NCDG 2000). In the case of the 

study reach the bed will offer more resistance than the stone banks coupled with the 

short grassed turf. There are different offerings for the value of ‘n’, Morrisawa (1968) 

gives a value of 0.030, NDCG (2000) gives a minimum of 0.025 and a maximum of 

0.033 where as Vent e Chow (1964) cited in FIRSWG (1998) offers a value of 0.017 for 

shot concrete similar to the stone lined channel of the Bourne. As the Bourne has some 

vegetation on the banks leading up to the floodplain a value of 0.020 has been adopted.  

When the field data (shown in Appendix 1) is used with the Manning’s n equation an 

average velocity of 2.532 m/s is calculated.  

Bankfull Discharge is calculated using the formula below. 

Qb = V*A 

Where: Qb = Bankfull discharge (m3/s-1), V = velocity (m/s), A = area (m2) 
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Average bankfull discharge (Qb) calculated from field data is 4.015m3/s-1.  

 

5.2.2 Bankfull Discharge using Catchment size 

The drainage area is known to be 12Km2, using Emmett’s (1975) cited in Knighton 

(1984) the  relationship between drainage area and bankfull discharge can be calculated. 

The formula is shown below. 

Qb = 0.42Ad
0.69

Where: Qb = Bankfull Discharge (m3/s-1), Ad = Catchment Area (Km2) 

This gives a bankfull discharge of 2.33 m3s-1, however the formula is based on an 

American river which is larger and may have different climate/inputs to the Bourne 

Stream.  

 

5.3 Stream Power 

The importance of stream flow is that from this stream power can be calculated 

(Morrisawa 1968). Stream power is the work expended by the stream, this is a key 

parameter in controlling erosion and sediment transport (Petts & Amoros 1996). Stream 

power at the observed flow was 0.01416 Wm-2, and at the calculated bankfull flow was 

0.12241 Wm-2 on average over the 8 cross sections for normal flow and over 4 cross 

sections for the bankfull flow. Only 4 cross sections were used to calculate bank full 

flow and power as cross sections 4,5,6,8 have a wide bank that was too large to measure 

with the equipment on offer, see Appendix 1.All the other cross sections have a well 

defined bank and floodplain boarder making calculations easier.  

These stream power figures provide an indication of the power of the stream. A 

threshold of 35 Wm-2 or greater is needed for channels to recover their natural 

meandering pattern (Brooks & Shields Jr 1996, NCDG, 2000, RSPB, NRA & RSNC, 

1994). If the stone walls were to be removed then even at bankfull flow the stream 
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would not have enough power to recover naturally through the process of erosion and 

deposition.  

The average discharge for the Bourne stream is 0.05 m3/s-1 (BSP 2003), this is measured 

at the gauging weir indicated on figure 4.3. This gives the average stream power figure 

of 0.00387 Wm-2, which is lower than the observed stream power. 

 

5.4 Meander Calculations 

5.4.1 Carbon Copy Technique 

The discharge calculations coupled with average width, depth and size of the catchment 

will allow the calculation of meanders using an empirical approach. An alignment first 

approach (Approach A) based on the ‘carbon copy’ technique (Brooks & Shields 1996) 

will not be possible. Figure 4.4 is the earliest available map of the catchment and it 

shows the stream in an undeveloped state. However the cartographer has neglected to 

outline the course of the stream, this could be because at the time the stream was 

braided or the channel was heavily overgrown with vegetation which made locating the 

stream difficult.  

Slope first approaches (approaches B & C in Brooks & Shields 1996) require 

knowledge of bed material, sediment transport and a design slope. No information was 

gathered about the bed material, or the sediment load of the river which would offer a 

design slope.  

 

5.4.2 Meander Calculation using Discharge (Q) 

The other alignment first approach is via the use of empirical equations. The first 

equations will be based on the annual stream discharge Qa. Allen (1970) cited in 

Thorne, Hey & Newson (1997) offers the formula below. 

L = 168Qa
0.46
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Where: L = meander wavelength (m), Qa = Average annual discharge (m3/s-1) 

This gives a meander wavelength (L) of 42.348 meters, however mean annual discharge 

has little or no geomorphic importance which is why relationships based upon bankfull 

discharge is more commonly used (Thorne, Hay & Charlton 1997). 

 Bankfull Discharge (Qb) can be used to determine meander wavelength (L), the formula 

put forward by Acker & Charlton (1970) cited in Brooks & Shields (1996) is shown 

below.  

L = 61.21Qb
0.467

Where: L = Meander Wavelength (m), Qb = Bankfull Discharge (m3/s-1) 

Using a bankfull discharge of 4.015 m3/s-1 a meander wavelength of 117.155 m is 

calculated, and using a discharge of 1.77 m3/s-1 a meander wavelength of 79.91 m is 

calculated.  

 
Dury (1956) cited in Thorne, Hey & Newson (1997) offers a similar formula shown 
below.  
 
L = 54.3Qb

0.5

Where: L = Meander Wavelength (m), Qb = Bankfull Discharge (m3/s-1) 

Using the same process as before at a discharge of 4.0153m3/s-1 a meander wavelength 

(L) of 108.807 m is calculated. Using a discharge of 1.77m3/s-1 a wavelength of 72.2m 

is calculated, there is little difference in wavelength (L) between the two formulas. 

Other formulas incorporate bed sediment size or the fraction of silt-clay in the channel 

perimeter. Schumm’s (1977) formula is an example of this, however it can not be used 

for the Bourne Stream as no data is available of stream sediment or silt clay content of 

the perimeter.  
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5.4.3  Meander Calculation using channel Width 

Meander radius can be calculated from channel width, a general rule is that the radius of 

curvature is greater then three times the channel width (NCDG 2000). Brooks & Shields 

(1996) put the figure between 1.5 and 4.5 the channel width. Meander amplitude (Ma) is 

found to be 0.5 to 1.5L (US Army Corps of Engineers 1994 cited in Brooks & Shields 

1996). The average width of the Bourne Stream is taken from cross sections 1 – 8, the 

average width is 1.69 metres. Multiplying the width by 3.5 to comply with literature 

from NCDG (2000) and Brooks & Shields (1996) an Rc value of 5.981m is calculated. 

In order to calculate meander wavelength (L) from an Rc value a formula proposed by 

Leopold & Wolman (1960) cited in Thorne, Hey & Charlton (1997) needs to be used 

shown below. L = 4.59Rc
0.98

Where: L = Meander Wavelength (m), Rc = Radius of Curvature (m) 

This gives a meander wavelength (L) of 26.259 metres. 

Williams (1986) cited in FIRSWIG (1998) offers a formula based on bankfall width in 

feet. Once results from the Bourne River were converted into imperial figures and put in 

to the formula below a meander wavelength of 18.59 metres is produced.  

L = 6.5W1.12   

Where: L = Mender Wavelength (ft), W = Width (ft)    

 

5.4.4 Meander Calculation using Drainage Area 

Petts & Amoros (1996) defines a relationship between drainage area and meander 

wavelength (L), shown in figure 5.2. They state that meanders are frequently 10-14 

times the channel width. However boundary materials and sediment load can distort this 

generalised rule.  
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Figure 5.2. Relationship between drainage area in Km2 and meander 
wavelength in m. The red line represents the Bourne stream’s 
catchment area of 12 Km2. Adapted from Gregory & Maizels (1991)
cited in Petts & Amoros (1996). 
eander size comparison 

variation of meander sizes has been produced and are summarised in figure  5.3 

Comparison of Meander Wavelengths 

 Meander Wave Length (L) 
ischarge (Qb) 

Discharge (Qa) 

117.1549 m (Acker & Charlton 1970) 
79.9 m (using Qb of 1.77m3/s-1) 
 
108.808 m (Dury 1956) 
72.2 m (using Qb of 1.77m3/s-1) 
 
42.348 m (Allen 1970) 
 

verage Width(w) 26.259 m (NCDG 2000, Brooks & Shields 
1996) 

n Catchment Size 55.0 m (Petts & Amoros 1996) 
l Width 18.59 m (Williams 1986) 

.3, table showing different meander wavelengths (m) using different calculation 

.  
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Before a meander size is chosen other factors need to be considered, other constraints 

exist such as land use within the gardens and the physical space available to plan 

meanders. Figure 5.4 has been drawn showing 3 different calculations of meander 

wavelength (L), which are 117.1549 m (Acker & Charlton 1970), 42.348 m (Allen 

1970) and 26.259 m (NCDG 2000, Brooks & Shields 1996). This offers a range of 

different methods of calculations, it shows that large meanders with a radius of 

curvature (Rc) larger than 9.1 metres are unable to be accommodated on the flood plain 

given the constraints of the floodplain edges. This allows a limit of meander size, with a 

maximum wavelength (L) of 42 metres. Meanders on a real river will vary in size and 

perfectly formed meanders are the exception rather then the rule. (Thorne, Hey & 

Charlton 1997) 
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. 
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5.5 Channel Dimensions 

5.5.1 Width 

There are different studies of the relationship between the relationship of discharge and 

stream width/depth. Charlton (1978) cited in Knighton (1984) studied grass and tree 

lined gravel rivers in the UK. A gravel bed will have a higher ‘n’ roughness value 

compared to the Bourne Stream so caution is needed when using the results. The 

formula below is given. 

W = 3.72Qb
0.44

Where: W = width (m), Qb = Bankfull Discharge (m) 

A width of 6.858 metres is calculated, however this uses an estimated bankfull 

discharge based upon measurements taken in the field. There is no evidence to suggest 

that the banks along the Bourne are related to the current flow of today. If the maximum 

recorded discharge of 1.77 m/s is used then a width of 4.783 metres is produced. Hay & 

Thorne cited in NCDG (2000) offer a range of formulas depending on differing 

manning numbers.  

W = 4.33Qb
0.5 (assuming n = 0.03) 

Where: W = width (m), Qb = Bankfull Discharge (m) 

It was mentioned that an ‘n’ roughness value of 0.02 had been adopted for roughness, 

the channel width calculated is 8.677 metres. As before I will also use a discharge of 

1.77m/s to compare the result. This gives a width of 5.761 metres. The same process 

was applied to Nixon’s (1959) data cited in Knighton (1984), the values of width for 

field data bankfall was 6.225 metres and 4.167 metres for a discharge of 1.77 m3/s-1.  
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5.5.2 Depth  

A similar process can be used to calculate channel depth from the discharge, however 

this data is based on an American river. Emmett (1975) cited in Knighton (1984) gives 

the formula. 

D = 0.27Qb
0.34

Where: D = Depth (m), Qb = Bankfull Discharge (m) 

This gives a depth of 0.433 metres for estimated bankfull discharge and 0.328 metres 

for a discharge of 1.77 m/s. This data is based upon the Idaho River and can only be 

used as a very rough estimate for depth of the Bourne stream. The observed depth in the 

Bourne stream is 0.6463 metres as shown in Appendix 1. This could imply the Bourne 

Stream is an over deepened stream, but the bankfull discharge figure can not be relied 

upon. 

 

5.5.3 Width and Depth dimensions to be used 

Given that both calculated width and depth rely upon a calculated bankfull discharge it 

may be that the current channels dimensions will have to be adopted. A channel width 

of 8.67m is unlikely to be accommodated within the reach, the overall width will be 

dependant upon the bank slope. 

 

5.5.4 Bank Slope 

The slope of the bank is important in terms of stability, the soil type, and where safety 

to the public is important (NCDG 2000). As no information about the soil type is 

available it is difficult to recommend an ideal slope angle. NCDG suggests that if the 

public have access to the reach than a maximum of 4:1 slope (Horizontal: Vertical) is 

suggested. For banks that are vegetated by grass a slope of 6:1 (Horizontal: Vertical) is 

suggested, as the matrix of the Bourne Valley is grass then this should be kept in mind.  
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Work by Thorne & Osman (1988) cited in Brooks & Shields (1996) shows that banks 

below a height of 3 metres are stable even at an angle of 900.  

 

5.5.5 Channel Dimensions Used 

Now that a possible bank slope can be used channel geometry can be applied, figure 5.5 

below shows a trapezoidal channel with the dimensions which will be used for the 

Bourne Stream.  

 

6.5m  

0.95 
260 (1:2) (V:H) 

 

260
 

 

1.5  

  

 

Figure 5.5, Trapezoidal channel dimensions for the Bourne Stream. Not to scale. 

Bankfall width is within the range of calculated figures, the bed of the river was taken 

from the average width of the current channel. Bankfull calculated bed width, has not 

been used as it is over 6 metres in width. This would leave the normal flow as a braided 

channel and mean that the channel would be over 12 metres in width at the top of the 

bank. This also means that the three bridges won’t need to be modified adding to 

expense of the restoration works. Slopes of 1:2 (V:H) were adopted although this goes 

against the recommendations by NCDG (2000) for a slope where the public has access. 

However a shallower slope will take up more valuable land in the garden, Davis (2003) 

recommends a slope of 350 in his recommendations for the gardens. This trapezoidal 

shape is unnatural and will be modified to a more natural shape. A study of pools and 

riffles is needed to do this. 
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5.5.6 Pools 

Pools form on the outside of meander bends and Rutherfurd, Kathryn & Marsh 2000 

offer the formula below for calculating the depth of the pool. 

Db = d[(3.5 W/rc)/(1-(W/rc)3.5)] 

Where: Db = Depth of Pool from Bank (m), d = depth from bank (m), W = Channel 

width (m), Rc = Radius of curvature (m) 

The depth of pool can only be calculated once the meander size is known as the depth is 

dependant upon an radius of curvature figure (Rc). 

 

5.5.7 Riffles 

The riffle dimensions are based on Hay & Thorne (1986) cited in Thorne, Hey & 

Newson (1997). These dimensions were calculated from gravel bed streams so the 

figures should be used with caution. 

Riffile width:   Rw = 1.034w  

Where Rw = Riffle Width (m), w = Channel Width (m)   

This gives a riffle width of 1.551 metres wide, given that the designed channel is 1.5 

metres wide. Brooks & Shields (1997) noted that on average riffles were 25% wider 

than pools, this would give a riffle width of 1.86 metres. This would add variation to the 

channel giving it a more natural look.  

Riffle Depth (minimum):  Rd = 0.951d 

Where: Rd = Riffle Depth (m) (min), d = Depth from bank (average) (m) 

Riffle Depth (maximum): Rdm = 0.912dm  

Where: Rdm = Riffle Depth (m) (max), dm = Maximum Channel depth from bank (m) 

This gives a depth maximum depth of 0.866 metres and a minimum of 0.59 metres 

using an average depth of 0.65 metres from the top of the bank.  
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5.6 Final Design for meanders in the Bourne Stream  

Figure 5.6 shows the final design for the Bourne Stream. Channel width at bank full is 

6.5 m, and overall the channel depth from the top of the bank has been maintained at the 

current average of 1m. In order to comply with the calculation for depth according to 

bankfull discharge the bed of the river would have had to be raised. This has 

implications for calculating slope and at the end of the reach stone protection would be 

needed to stop the stream cutting back. (Davis 2003). The depth of the pools is 0.165m, 

this is relatively shallow and may need modification.  

The channel geometry for the pools has been modified from the trapezoidal shape 

shown in figure 5.5. RSPB, NRA & RSNC (1994), states that the pool sections should 

have a steeper bank on the outside of the meander, for this reason the out side meander 

has a 1:1 slope and the adjacent slope has a more gradual 1:4 gradient. An attempt has 

been made  
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Figure 5.6. Proposed Meander layout for the Bourne Stream  
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to make the pool sections narrower than the associated riffle sections (Brooks & Shields 

1996).  

Sites A and B shown on figure 5.6 are areas where due to the bridges it is possible that 

erosion of the bank could occur. Bank protection methods may need to be considered, 

either soft engineering such as tree planting and the seeding of grasses. In both sections 

there are no native trees to help stabilise the bank.  

All but one of the meanders has a wavelength of 42.3m and a radius of curvature of 9.3 

metres. The radius of curvature was determined by the wavelength, and Allen’s (1970) 

calculations were adopted for wavelength. The reason for this was that the larger 

meanders calculated would not fit within the gardens narrow parameters. The 

calculations put forward by Allen (1970) are based on annual flow and this is not 

believed to be the dominant force in meander creation (Thorne, Hay & Charlton 1997). 

However due the large range of figure for wavelength given it was the most acceptable 

length given the constraints. The smaller values given by Williams (1986) cited in 

FIRSWIG (1998) would have needed a large radius of curvature (Rc) in order to make 

them a more noticeable feature in the garden. The large Rc value would have caused a 

sharper arc angle, this has the implication of increased erosion on the outer bank. Only 

one of the meanders had to be shortened to accommodate a tree, this led to a wavelength 

of 27.4m. Williams (1986) cited in FIRSWG (1998) offers stability checks of meanders 

and the radius of curvature. The length of the meander is well within the applicable 

range set out by Williams however the associated radius of curvature is on the lower 

limit. Given a wavelength of 43.3 metres the radius of curvature should be 9.5 metres. 

The radius of curvature was determined by the wavelength and is only 0.2m to small, 

although this is a small value it should be kept in mind.  
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Overall the streams sinuosity has increased from 1.0486 to 1.341 which is close to the 

1.5 boundary defined by Petts & Amoros (1996). The average slope was calculated to 

be 0.00791 m/m, the addition of meanders will have lowered the overall channel slope 

of the stream as the stream now takes a longer route down the same reach. An exact 

figure for the reach can not be given with out including the reaches up and down stream 

as these reaches cross the contours. Overall the slope of the stream would be 0.0062 

m/m. This reduction in slope would have the added benefit of reducing the stream 

velocity, as velocity at a basic level is dependant upon slope (Petts & Amoros 1996). 

However a lower velocity may lead to a deposition of sediment during low flows, this 

could encourage point bar growth and net result would be accelerated lateral migration 

(Brooks & Shields 1996) The design is for the meanders to be static, due to deposition 

increased erosion could occur on the outside of the meanders. A low flow channel 

would follow the channels thelweg, it would allow low flows to maintain a higher than 

normal velocity to avoid sedimentation.  
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6.0 Conclusion 

6.1 Critical Reflective Analysis 

A meander wavelength and channel dimensions have been suggested by this study 

however there are limitations to this study which need to be addressed. Many of the 

calculations such as meander size, width and depth of the planned channel rely upon a 

bankfull discharge figure. No such figure was recorded in the field, and records could 

not obtained from the Branksome Road gauging weir. A calculated bankfull discharge 

figure was used based upon the width and depth of the current channel, however the 

current width and depth of the channel has been anthropogenically created and may give 

a false bankfull discharge figure. A similar situation exists when calculating the width, 

depth of pools and riffles in the proposed channel.  

In order to offer reliable size of meanders information such as a flow duration curve 

needs to be acquired. This would give not only bank full data but also the amount of 

time as a percentage that bankfull and low flow conditions would exist for. It would also 

give a guide as to the discharges of the 1 in 2 year, 1 in 3 year and if data goes back far 

enough the 1 in 5 year flood occurrence. This data is vital in designing the correct 

channel dimension so that it can cope with the expected discharge. It would also offer 

the correct meander size so that it would be in scale with the discharge. The bankfull 

discharges calculated in this study are most likely too big, given that when the channel 

was naturalised the designers would have designed it not to flood at all disconnecting 

the flood plain from its usual role. Having used bankfull discharge values that are too 

big is a strength, the recommendation made would have meant that the channel was 

over designed and capable of handling a 1 in 5 year flood. This is only speculation, and 

must be used accordingly. As the channel is possibly over sized a problem may occur 

during low flow summer months, the inclusion of a low flow channel is imperative in 
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order to stop deposition occurring due to decreased flow levels because of the increase 

in channel length.  

 

6.2 Conclusion of Objectives 

Overall the study has assessed the feasibility of inserting meanders into the Bourne 

Stream, it has produced a possible layout for meanders calculated from discharge, 

catchment size and channel width. It has done this by completing the objectives set out 

below: 

• To assess the current condition of the stream. 

• To assess the current amenity, aesthetic and habitat value of the stream 

• By producing a map based upon the river corridor survey method figure 4.3 

(RSPB, NRA & RSNC, 1994). The map shows the current habitat, course and 

layout of the reach. The cross sections give more detail to the current physical state 

of the stream. From these cross sections bankfull discharge has been calculated and 

been used to determine an ideal meander size.  

• To investigate the previous course of the stream.  Problems occurred here with a 

lack of old maps, figure (4.4) is the oldest map and doesn’t show the channels 

planform. This is unfortunate as it was not possible to apply the ‘carbon copy’ 

method (Brooks & Shields 1997), this is the most widely used technique for 

channel restoration (Thorne, Hey & Charlton 1997).  

• To investigate the reasons for the streams liner course through the Upper Gardens. 

This investigation too yielded no reults, no records in Bournemouth library exist of 

why and how the current straight course was built. A rough date has been found but 

no details of the plans for the reach were obtained.  
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The Bourne Stream Partnership (BSP) have plans as shown in figure (4.7), this study 

will help to offer a different route for the stream based upon scientific calculations 

rather than a ‘drawn by eye’ approach which is currently being used.  

However there are limitations to this study which need to be addressed. Many of the 

calculations such as meander size, width and depth of the planned channel rely upon a 

bankfull discharge figure. No such figure was recorded in the field, and records could 

not obtained from the Branksome Road gauging weir. A calculated bankfull discharge 

figure was used based upon the width and depth of the current channel, however the 

current width and depth of the channel has been anthropogenically created and may give 

a false bankfull discharge figure. A similar situation exists when calculating the width, 

depth of pools and riffles in the proposed channel.  

James Vickers, 2005 69
james_vickers@hotmail.com 

www.bournestreampartnership.org.uk 



Study to Investigate the Feasibility of Inserting Meanders into the Bourne Stream 

Appendix            
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Area Velocity Q Q Ω Ω 
Max Depth 

Width 
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Width Observed Bankfull Observed Bankfull Observed Bankfull (Wm-2) (Wm-2)
0.95 1.75 2.0 0.4611 0.4146 1.7982

 
0.49 2.668127 0.203154 4.797825 0.015758 0.372144

0.84 1.7 2.3 0.4353 0.2108 1.48 0.76 2.568634 0.160208 3.801578 0.012427 0.29487
0.90 1.9 2.8 0.4475 0.2062 1.8258

 
1.08 2.615924

 
0.222696 4.776153

 
0.017273 0.370463

 0.86 1.6 0.2562 0.89 0.228018 0 0.017686 0
0.00 1.2 0.2336 0.70 0.16352 0 0.023287
0.75 2.0 0.4256 0.40 0.17024 0 0.013205 0
0.87 1.4 1.9 0.36215 0.5418 1.1806

 
0.06 2.27493

 
0.032508 2.685782

 
0.002521 0.208323

 0.00 2.0 0.2224 1.26 0.280224 0 0.021736
5.17 13.55 9 2.5112 6.2846 5.64
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0.3139 1.57115
 

0.705
 

2.53190375
 

0.182571
 

4.0153345
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Using Q L = 61.21Q0.467 17.1548939        
 L = 54.3Q0.5 
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Ave Annual
Q 

 
L = 168Q0.46 
 

2.34825151 
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