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1 Introduction 

One of the main influences on the discharge of a river is the rainfall characteristics of 

the river’s catchment area. It is generally the case that as the volume and intensity of 

rainfall increases, so does the discharge of the river. This is primarily due to an 

increase in ground saturation of the river’s catchment area. If the ground becomes 

fully saturated then water can no longer be absorbed into the soil. The result is 

rainfall runoff (water flowing off the land and into the river), increasing the river’s 

discharge. The geometry of the surrounding area is also a key factor in governing the 

discharge of a river. The layout of the land can greatly influence the rate of rain 

water run-off that ultimately flows into the river. Steep land will reduce the amount 

of water that will be able to infiltrate the ground, increasing the volume of water 

that will run into the river thus increasing the discharge. In normal weather 

conditions, the capacity of a river is high enough that the flow of water stays within 

the main channel. However, in extreme weather conditions when the ground 

becomes saturated, the probability of over-bank flow conditions occurring is greatly 

increased. 

Over-bank flow conditions occur when the volume of water flowing within a channel 

exceeds the river channel’s capacity, causing the river to overtop the river banks and 

flow out onto the flood plains. This then creates a channel with two different flow 

depths, known as a compound channel. The differing depth of flow between the 

main channel and the bank creates two different flow velocities. The main channel 

flow depth is greater relative to the depth of water on the bank and is also narrower 

than the potential flood plain (see Figure 1). This means that the flow velocity in the 

main channel is faster than that along the bank.  

 

Figure 1 - The principle of over-bank flow 
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In natural river channels, there is also the complexity of a differing roughness 

between the main channel and the bank. The roughness of the main river channel, 

containing no deep pools or heavily weedy sections, is relatively low when compared 

to that of the bank containing trees and brush. Table 1 below shows typical values of 

Manning’s n coefficient.  

Table 1 - Typical values* of Manning’s n 

Type of Channel and Description Minimum Normal Maximum 

Natural streams - minor streams (top width at floodstage < 100 ft) 

1. Main Channels    

  a. clean, straight, full stage, no rifts or deep pools 0.025 0.03 0.033 

  b. same as above, but more stones and weeds 0.03 0.035 0.04 

       c. clean, winding, some pools and shoals 0.033 0.04 0.045 

  d. same as above, but some weeds and stones 0.035 0.045 0.05 

e. same as above, lower stages, more ineffective 

slopes and sections 

0.04 0.048 0.055 

  f. same as "d" with more stones 0.045 0.05 0.06 

g. sluggish reaches, weedy, deep pools 0.05 0.07 0.08 

h. very weedy reaches, deep pools, or floodways 

with heavy stand of timber and underbrush 

0.075 0.1 0.15 

2. Mountain streams, no vegetation in channel, banks 

usually steep, trees and brush along banks submerged 

at high stages 

   

  a. bottom: gravels, cobbles, and few boulders 0.03 0.04 0.05 

  b. bottom: cobbles with large boulders 0.04 0.05 0.07 

3. Floodplains     

  a. Pasture, no brush    

  1. short grass 0.025 0.03 0.035 

  2. high grass 0.04 0.05 0.07 

   b. Cultivated areas    

1. no crop 0.02 0.03 0.04 

2. mature row crop 0.025 0.035 0.045 

3. mature field crop 0.03 0.04 0.05 
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c. Brush    

1. scattered brush, heavy weeds 0.035 0.05 0.07 

2. light brush and trees, in winter 0.035 0.05 0.06 

3. light brush and trees, in summer 0.04 0.06 0.08 

4. medium to dense brush, in winter 0.045 0.07 0.11 

5. medium to dense brush, in summer 0.07 0.1 0.16 

d. Trees    

1. dense willows, summer, straight 0

0.11 

0

0.15 

0

0.2 

2. cleared land with tree stumps, no 

sprouts 

0

0.03 

0

0.04 

0

0.05 

3. same as above, but with heavy growth 

of sprouts 

0

0.05 

0

0.06 

0

0.08 

4. heavy stand of timber, a few down 

trees, little undergrowth, flood stage below branches 

0

0.08 

0

0.1 

0

0.12 

5. medium to dense brush, in summer 0

0.1 

0

0.12 

0

0.16 

*Adapted from Open Channel Hydraulics (Chow, 1959) 

 The bank is usually overgrown with vegetation leading to the roughness of the bank 

being greater than that of the main channel. 

Due to the irregular nature of rivers the flow within them is classified as a steady 

non-uniform flow. A steady flow is defined as “a flow whose properties, at one place, 

do not change with time” (Francis and Minton 1984). The flow within a river is said 

to be non-uniform due to the varying cross-section along the length of the channel. 

It is non-uniform as the velocity for a given time and cross-section varies across that 

section. This could be due to the curvature of the river or due to frictional forces at 

the boundary layer. It is well documented that if the river channel is of uniform 

cross-section then varying velocities at the boundary layer can be considered 

negligible and the flow can be considered uniform. 

Uniform flow conditions occur when the gravitational forces acting on a flow equal 

the frictional forces being resisting movement. This then leads to the flow depth 
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being constant in relation to the channel bed at all points along the length of the 

channel (see Figure 2 below). 

If the gravitational flow was greater or less than the frictional force, a gradually 

varied flow would occur until forces came into equilibrium (see Figure 3). 

 

Figure 2 – The forces within a volume of water during uniform flow conditions 

 

Figure 3 – A gradually varied flow before it reaches equilibrium 
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1.1 Case Studies 

In the event of a potentially harmful substance being leaked into a river in flood 

conditions, this substance will spread onto the flood plains and possibly affect the 

ecology of the surrounding areas. This is a major concern for the government, 

environment agencies, farmers who use the land for grazing and members of the 

local public, as well as other environmental stakeholders. To address these concerns, 

there is an increasing demand for knowledge of how pollutants disperse during flood 

conditions and the area over which they might spread. 

The following are examples of cases where pollutants have been released into a river 

resulting in the contamination of both the main channel and the surrounding flood 

plains. They show the damaging effects that pollution can have on human life and 

the vegetation that exists on the flood plain of a river and as a result, prove the 

importance of developing models that can reliably predict the spread of pollution 

during over-bank flow conditions. 
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1.1.1 Yakutsk Spring Floods 

A more recent and altogether more dangerous example of where flooding may cause 

dangerous contamination levels can be seen with spring floods in the area 

surrounding the city of Yakutsk in the Siberian republic of Yakutia. This region is 

largely situated on the floodplain of the river Lena, Figure 4(Lake Baikal 2007). 

 

Figure 4 - Yakutsk which lies on the river Lena(Lake Baikal 2007) 

       

Sites previously used to dispose of anthrax infected cattle are coming under threat 

from spring flooding, with the potential to cause widespread infection of wild 

mammals and domestic cattle which may ingest the bacterial spores while grazing. It 

is then possible for humans to contract the disease if they are exposed to blood or 

tissue of infected animals(Anthrax fears rise as floods threaten landfill sites in Siberia 

2009).  

The Siberian republic has 259 anthrax landfill sites, 28 of which are under threat 

from flooding and therefore posing a possible health threat to the population in 

seven regions. The situation is being made worse by global warming, which is causing 

Siberia's permafrost to melt, leading to soil erosion. 
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Figure 5 - NASA image of the river Lena flooding (blue area)(Foster 2001) 

   

A spokesman for the regional department of Russian consumer’s rights regulator 

Rospotrebnadzor stated that: 

 "If landfill sites are eroded by flood waters, there is a threat of water contamination 

and subsequent infection of animals by anthrax spores that are active for 100 years."  

"In Yakutia, the last disposals were conducted in the 90s, therefore, anthrax bacterial 

spores will remain active for a long time," he added. 

Furthermore, the exact locations of many sites are unknown due to a lack of records, 

thus exacerbating the situation. 

In 2002, floods in Southern Russia caused widespread damage, killing 77 people and 

leaving 200,000 people homeless. Lev Kuchment of the Institute for Water Problems 

in Moscow claimed, "What happened this year is basically what you would expect to 

see every 100 years."(Anthrax fears rise as floods threaten landfill sites in Siberia 

2009)  

http://en.rian.ru/photolents/20070105/57829653.html
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Figure 6 - Flooding in Yakutsk(BBC News 2001) 

 

To compound the disaster, the flooding also brought fatal infections. According to 

the Stavropol State Institute of Plague Prevention, in the Northern Caucasus, from 

the Black Sea to the Caspian, six sources of infection of the plague have been 

detected and more than 2,000 sources of anthrax. Flash waters washed out the 

burial grounds of animals that died of this disease, as well as subsoil sources which 

have been underground for over 30 years. "This flooding can be considered a 

national disaster” stated Victor Laiko, Executive Director of the Russian Red Cross 

(Obukh 2002). 
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1.1.2 Alafia River Spill (1997) 

The Alafia River is a 64mile long river located in western Florida in the United States 

(Williges, Neugebauer and Cook 1998). The river has two major tributaries, known as 

the North and South Prongs, see Figure 7. These both originate in Polk County and 

flow westerly until joining together to form the main channel of the Alafia River in 

Hillsborough County. This then flows into Tampa Bay, whereupon it reaches the Gulf 

of Mexico. 

 

Figure 7 - Showing the North and South Prongs of the Alafia River (Google Maps 2010) 

 

Figure 8 - Showing the full length of the Alafia River from its source in the Alafia River State Park to the estuary 

where it flows into the Gulf of Mexico (Google Maps 2010) 

On 7th December 1997, an estimated 189000 m3 of acidic process water was 

discharged into the North Prong of the Alafia River as a result of a phosphogypsum 

containment failure at a phosphate processing plant in Mulberry (Williges, 

Neugebauer and Cook 1998). There is a vast array of vegetation along this stretch of 
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the river, the majority of which is made up of freshwater swampland, hardwoods 

and hydric hammocks (still-water wetland). 

To assess the damage that the spill had caused to this vegetation the Florida 

Department of Environmental Protection firstly analysed the accident site and the 

surrounding areas and then moved on to look at other areas both upstream and 

downstream, including areas of the South Prong of the river. 

It was instantly apparent through ground reconnaissance that acidic water had killed 

all of the plant life in the immediate vicinity of where the pollutant entered the river, 

and had also caused considerable damage in the downstream area of the accident 

site. Further ground investigations revealed that the damage stretched as far as 16 

km downstream; however, there appeared to be no damage to upstream vegetation 

and the pollutant had not spread to the South Prong. A flyover of the area confirmed 

what had been observed at ground level and also revealed that the pollution had not 

only affected the main channel of the river, but had also spilt onto the flood plains at 

certain points. 

Such a case study provides context for the proposed research, where the calculation 

of mixing characteristics of a river reach and floodplain would be essential. It would 

allow for the determination of the period of time and/or the distance downstream of 

a contaminant release, at which the pollutant may be well mixed, such that it no 

longer poses an environmental threat.  
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2 The Project 

The project group consisted of nine fourth year Masters Students at the University of 

Warwick. Seven of these students studied civil engineering, with the other two 

studying mechanical engineering. The group supervisor for this project was Professor 

Ian Guymer who is the head of the civil engineering research group in the School of 

Engineering at the University of Warwick. 

2.1 Project Aims 

 To analyse the transverse dispersion of a pollutant during over-bank flow conditions 

with an increase in vegetation on the flood plain, and to determine the impact of a 

step discontinuity in a rectangular channel. 

 

 To produce a degree level website allowing students to access projects and 

educational information based on a range of engineering subjects. 

 

 To create a business plan determining market strategy for the website, and to 

ensure that it could be maintained and operated in a profitable manner. 

2.1.1 Transverse Dispersion Research 

The primary objective of the project was to expand on current research in the field of 

solute dispersion during over-bank flows. One of the main research papers that 

analyses the dispersion of a solute in over-bank flow conditions was published by Kay 

(1987). However, this only uses mathematical theory to display results of solute 

dispersion in an infinitely wide channel. Since then, both Shiono et al. (2003), and 

Spence and Guymer (2009) have further analysed the effects that compound channel 

flow has on the transverse dispersion of solutes. 

To do this, a solute tracer was injected into a compound channel and transverse 

mixing observed. To differentiate the experiments from past research, the 

vegetation that is usually present on the flood plains was simulated and varied. 

The experiments were conducted in a large flume in the laboratory of the School of 

Engineering at the University of Warwick. Conducting the experiments in this 
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simplified channel provided sufficient control to gather a set of results that could be 

easily applied to a number of different practical situations. In order to conduct the 

necessary experiments, a number of modifications to the flume were made. Firstly, a 

gradual slope was created in the channel to ensure that uniform flow conditions 

could be achieved and that the experiments conducted could be analysed using 

mathematics. 

Secondly a channel bank was constructed on one side of the channel simulating half 

of the cross-section of a river. To simulate vegetation on the flood plain, a 10 mm 

grade of gravel was laid along the length of the channel bank. 

 

Figure 9 - Showing the large flume during an experiment 

The solute tracer consisted of Rhodamine dye that was injected into the upstream 

flow at a predetermined location. The dispersion of this dye was then observed by 

taking readings using a fluorometer. These readings were taken at a number of 

specific cross-sections at set distances down the channel. These readings were 

analysed to determine the effects of roughness change on the transverse mixing of 

the channel, see Figure 10. 
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Figure 10 - Location of experimentation points down the channel 

 

2.1.2 Degree Level Educational Website 

As part of this research project, a prototype website called FlowMotion was created 

to provide students at the University of Warwick with additional educational and 

learning tools to help them with their degrees. It will also allow companies to 

advertise their business and increase their visibility to prospective employees. 

FlowMotion intends to link resources already available on the internet and be a 

central database of cited information by providing a single portal for these 

resources. It aims to become a useful tool for students not just in engineering, but 

other degree areas such as mathematics and physics.  In its completed form, it will 

contain: 

Research Projects Student projects, such as this one, conducted at the university 

provide new insight into different fields but are often “shelved” after 

completion. Projects will be uploaded to the website allowing other 

students to benefit from the research.  

 

Professional Papers A database of published articles and journals. 

 

Learning Resources Online courses providing interactive learning aids including quizzes, 

diagrams, videos and podcasts for university level students. 
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Company Profiles 

 

Provide companies with webspace to advertise their organisations 

and attract prospective employees. 

 

In its initial stage, the website will focus on providing resources on water and flow 

research relating to civil engineering. These resources will primarily include articles 

and online modules such as River Mixing, based on courses taught at the University 

of Warwick. The website will also provide insight into several research projects 

conducted by members of this team in other civil and mechanical engineering fields, 

to provide an example of what the website will look like in its completed form.  

More projects, articles and learning tools relating to fluid dynamics will be added as 

the website is expanded before adding resources relating to other engineering fields. 

If interest grows, other degree subjects will be included and the possibility of making 

these resources available to students outside of the university will be investigated.   

2.1.3 Business Plan 

To complement the website, a business plan was produced that outlines the 

strategies to be employed to manage the business team and to generate revenue for 

the company. Relevant forecasted cash flow statements are documented to show 

whether the project can be a run as a viable and profitable company.  

The management report within the business plan shows the organisational structure 

of the team; from the group leader to the various sub-groups. Each group’s specific 

aims and objectives are also documented which will help the group during the 

appraisal phase at the end of the project to determine the project’s success. 

A range of strategies for the company to generate revenue are set out within the 

business report and an analysis of the various options highlight the strengths, 

weaknesses, opportunity and threats associated with the company. Further analysis 

and details about the company’s first year of trading and operations can also be 

found in the report.  
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Throughout the project, the various costs incurred, e.g. material costs, people costs, 

etc. were recorded and can be seen in the business report. These costs are 

compared against the original budget allocated to the group. As well as planning for 

materials and personnel costs, a Gantt chart was used to illustrate the planned group 

tasks graphically. This system of planning proved to be a useful tool in showing 

interactions between certain tasks and their durations. 
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3 Project Methodology 

It was decided early in the project that one member of the group should be assigned 

as leader to give the group more structure and aid its organisation. The main task of 

the leader was to organise meetings and delegate work as they saw fit. Two 

additional roles were allocated within the group, health and safety officer and 

accountant. The health and safety officer role involved performing COSHH and risk 

assessments so that work could be completed in a safe and responsible manner. The 

accountant’s role was to keep account of the group’s finances, and before anything 

could be purchased for the group, it had to be authorised by the accountant. 

3.1 Team Tasking 

To ensure the group was focused from the outset, the group was initially split into 

three sub-groups. Once these sub-groups had been determined the first task of the 

group as a whole was to produce a set of aims and objectives that would provide the 

basis for the rest of the project lifespan. Once these were produced the group could 

then move forward with the work that each sub-group had been assigned. 

3.2 Construction Team 

The first sub-group’s focus was on constructing the required aspects of the flume to 

create the desired over-bank flow conditions. This involved the casting of a gradual 

cement mortar gradient onto the bed of the flume so that uniform flow conditions 

could be achieved. It also involved casting of a cement mortar bank down the length 

of one side of the channel. 

3.3 Research Team 

The second sub-group was to focus on the research aspects of the project. This 

required the gathering of relevant publications surrounding the subject of solute 

dispersion in over-bank flow conditions, and developing an understanding of the 

basic principles that needed to be understood prior to conducting the experiments. 

Once this was completed, the methods by which the experiments would be 

conducted were then developed. 
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3.4 Website and Media Team 

The final sub-group concentrated on the development of the website. This primarily 

involved the creation of an attractive and easy to use interface for the website, but 

also included the recording of all the images and videos that would later be used in 

explaining the findings of the experiments. 

Group discussions occurred through a number of set meetings each week. There 

were generally three meetings per week to begin with, one of which the group 

supervisor to discuss the progress that the group had made over the course of that 

week. There was also a general group meeting held at the start of each week to 

discuss the short-term aims of what needed to be achieved, and one held at the end 

to discuss whether these aims had been completed.  

Minutes were taken at all of these meetings (see appendix R) and were uploaded 

onto a group file sharing website. The aim of the fileshare was to allow all group 

members access to any documents that were deemed important. All members had 

the ability to upload documents as and when the needed to. As the project moved 

forward, extra meetings were also held between sub-group members. 

The first formal deadline for the group was to create and present a poster which 

described the basis of the work being carried out and the progress made up to that 

point. This was the main focus for the group over the first part of the project 

timeline. Once this was completed the group then concentrated fully on conducting 

the experiments and compiling the final report.  

As the project moved on, it was the experiments that proved to be the main focus of 

the group over the majority of the timeline. The lengthy process of constructing the 

required aspects of the flume and preparing the equipment that was required for the 

experiments was undertaken by all group members when available. The recording of 

large amounts of experimental data was also split equally between group members, 

with shifts being allocated to ensure each person was contributing and notes being 

taken in a group lab book to maintain continuity. 
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The report was to include the main report detailing how the project was carried out, 

an analysis of the collected data, a smaller business report describing the 

development of the website and the way in which it would be marketed to create a 

viable product, and an executive summary providing an overview of the entire 

project. The final part of the project was dedicated to the preparation of a group oral 

presentation which would summarise the project in its entirety. 
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4 Literature Review 

4.1 Background 

Excessive rainfall along with catchment characteristics of surrounding land can cause 

the flow in-bank to reach and exceed its limit, leading to over-bank flow on 

floodplains and surrounding land. Pollutants can come in many forms such as, 

excessive storm-water drainage, sewer overflows and chemical spills. If conditions 

are reached such that over-bank flow is present, and pollutant is discharged into the 

flow, it is useful to have a method of determining the effect that transverse mixing in 

turbulent flow has on the pollutant dispersion. Modelling such a process has various 

applicable advantages and in this way, it can be determined where and when the 

water on the bank contains safe levels of pollutants so that it can be drawn off and 

treated for public use, as well as determining the dangers to local wildlife. 

Over-bank flows have been studied in many forms over the past few decades, in an 

effort to determine various characteristics such as sediment flow and mixing within 

turbulent and steady flow conditions, with a view to model such events in the real 

world. The following is a literature review of current papers, including mathematical 

models, theories to establish how far these studies have gone to describe behaviours 

of river channels and their banks in relation to pollutant flow.  
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4.2 Theory 

4.2.1 Longitudinal Dispersion 

A point source of pollutant added into a river will travel downstream with the 

current dispersing along the way. This results in a weaker concentration of pollutant 

the further downstream from the source measurements are taken. 

The dispersion of the contaminant is dependent on several factors, such as width, 

height and velocity of the river, the flow conditions (laminar or turbulent), dead 

zones (pockets of zero velocity which may trap and retain contaminant particles) and 

the longitudinal and transverse mixing of the particles within the river.  

Longitudinal mixing is the product of several different components. The least 

significant is diffusion at the molecular level where Brownian motion causes the 

individual particles to move randomly, this is a very slow process, which has little 

effect on the overall dispersion of the dye in the river. 

Advection is the process of fluid moving due to a current, differential advection is 

caused by different velocities within that current. Therefore different areas of the 

fluid move at different speeds depending on the flow regime they are subjected to. 

The effects of this process are known as shear dispersion (Guymer, Wilson and Boxall 

2005). 

Turbulence within the fluid increases the mixing as molecules move randomly 

through the liquid due to the turbulent fluctuations, this causes an individual 

molecule to experience the different flow conditions present. Due to this, the 

average velocity of each molecule is more similar than if they had been subjected to 

laminar flow. This decreases the effects of differential advection. 

To account for these effects when analysing water flow, a longitudinal mixing 

coefficient, D, is used. 
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4.2.2 Transverse Mixing  

The injection of a pollutant into a flowing water course inevitably leads to its 

advection (bodily movement of fluid) away from the initial source, with the 

spreading of the solute arising from diffusion and differential advection. In the case 

of a transverse mixing investigation with a constant steady state injection, making 

temporal variations in concentration with longitudinal distance negligible, one would 

expect a plume of pollutant to spread symmetrically about the point of injection, 

rising from a background level, up to a peak and down again. This however 

incorporates the assumption that an idealised rectangular channel with uniform flow 

is used. (Figure 11 below) 

 

 

 

 

It can be expected that concentration peaks across the channel would decrease with 

longitudinal distance downstream, as the plume spreads further transversely across 

the channel and becomes subsequently more well mixed. One would therefore 

expect such plots of concentration vs. Transverse distance to be as the following 

Gaussian distributions:  

 

 

 

 

 

 

 

 

 

 

 

  

Figure 11 - Dye distribution in a rectangular channel, steady 
state injection 

Figure 12 - Gaussian distribution of dye concentration 
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4.2.3 Manning’s Roughness, n 

The surface roughness is determined by the size and shape of the grains of the 

material forming the wetted perimeter and produces a retarding effect on the flow. 

Often, this property is assumed to be the only factor in selecting a roughness 

coefficient, but is actually just one of a few major components. Generally speaking, 

fine grains result in a relatively low value for the coefficient while coarse grains result 

in a high value.  

The flow depth is also of key consideration with this factor as the effects of the 

surface roughness will permeate to different extents if the depth is changed. A low 

flow depth will result in a greater wetted perimeter to volume flow, thus 

exaggerating the retarding effect for this instance.  

Vegetation also has a marked effect upon channel capacity and flow speed. This can 

be taken into account by giving it a surface roughness of its own, that are then 

applicable to the appropriate calculations. Channel Irregularities include variations in 

cross-sections, size, and shape along the channel length. In natural channels, such 

irregularities are introduced by the presence of sandbars, waves, ridges and 

depression etc. These irregularities introduce roughness in addition to the 

generalised case.  

A general Manning’s coefficients designed to approximate a channel can be a gross 

underestimation of the actual coefficients involved, and care should be taken to 

include all design considerations to ensure an accurate roughness coefficient. 

Subsequently, Cowan (1956) developed a procedure for estimating the value of n.  

Equation 1 

 

Where n0 is a basic n value for a straight, uniform, smooth channel in the natural 

materials involved, n1 is a value added to n0 to correct for the effects of surface 

irregularities, n2 is a value for variations in shape and size of the channel cross-

section, n3 is a value for obstructions, n4 is a value for vegetation and flow 

conditions, and m5 is a correction factor for meandering of channel.  
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The following table is a summary of sample values for computation of the roughness 

coefficient (Chow 1959). 

Table 2 - Values of computation of the roughness coefficient 

Channel Conditions Values 

Material involved Earth n0 0.020 

Rock Cut 0.025 

Fine Gravel 0.024 

Coarse Gravel 0.028 

Degree of Irregularity Smooth n1 0.000 

Minor 0.005 

Moderate 0.010 

Severe 0.020 

Variations of Channel 
Cross-section 

Gradual  n2 0.000 

Alternating 
Occasionally 

0.005 

Alternating Frequently 0.010-0.015 

Relative Effect of 
Obstructions 

Negligible n3 0.000 

Minor 0.010-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 

Vegetation Low n4 0.005-0.010 

Medium 0.010-0.025 

High 0.025-0.050 

Very High 0.050-0.100 

Degree of Meandering Minor m5 1.000 

Appreciable 1.150 

Severe 1.300 
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4.2.4 Reynolds Number 

There are numerous factors that affect the Reynolds number within a channel, albeit 

natural or artificial. The behaviour of open-channel flow is essentially determined by 

the effects of viscosity and gravity relative to the inertial forces of the flow. 

Depending upon the effect viscosity has on the flow relative to inertia, the flow may 

be in one of the following three states: 

 laminar 

 transient 

 turbulent 

 The flow can be described as laminar if the viscous forces are strong enough relative 

to the inertia of the flow, hence in laminar flow, water particles appear to move in 

smooth paths and layers of fluid slide over one another. 

 Conversely to this, the flow is turbulent when the viscous forces are weak relative to 

the inertial forces; hence the flow of individual water particles is very irregular, while 

the overall flow of the stream is maintained in forward motion. The effect of 

viscosity relative to inertia is therefore a key component of studying fluid flow, and is 

subsequently represented by the Reynolds number as defined earlier. 

For the proposed research the Reynolds number can be calculated with the following 

equation with the Reynolds Values for the corresponding flow conditions. (Cowan 

1956) 

Equation 2 

 

laminar when Re < 2300 

transient when 2300 < Re < 4000 

turbulent when Re > 4000 
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4.3 Previous Work and Current Theories 

A useful resource for looking into compound channel flow and sediment transport is 

a publication by the International Association of Hydraulic Engineering Research 

compiled by S. Ikeda and I.K. McEwan titled ‘Flow and Sediment Transport in 

Compound Channels (2009). This represents collaboration between Japanese and UK 

research, including a synthesis of work from many sources on compound channel 

flow and sediment transport. The context of the book is focused around the 

prediction of the behaviour of rivers during flood conditions, which presents a major 

challenge for hydraulic engineers. It goes on to discuss how flooding issues must be 

dealt with and a standard form of river engineering, involving flow profiles and 

dispersion effects produced. This must take reasonable steps to ensure flood 

defence measures are adequate and not detrimental to the environment.  

Papers including those by Shiono and Knight on turbulent open channel flows 

(discussed in depth later) are constituents of an all-encompassing theoretical tool for 

‘Flow and sediment transport in compound channels’. Other works by S. Aya, S. 

Ikeda, I. Nezu contribute to work on the flow structure, while E.M. Valentine, K. 

McEwan, et al contribute to sediment processes, models and theory. Finally, 

computer simulation and design considerations were covered by Y. Kawahara, G. 

Pender. The idea of this work is to provide a comprehensive volume which covers 

engineering approaches to modelling and theoretical problems regarding flow and 

sediment transport in compound channels. The proposed researched to be 

conducted by the team however, is concerned with pollutant flow, rather than 

sediment transport within a compound channel. 

The depth ratio, Dr, is the ratio between the depth of flow on the flood plain and the 

main channel. Knight & Shiono found that the range of 0.1-0.3 produced the 

maximum interaction of Eddies and shear flow effects, Figure 13.  

Ikeda et al (2000) carried out work within a compound channel involving vegetation, 

in which the depth ratio was changed in order to obtain an array of results for 

expected floodplain and main channel velocities, those of which are shown in Table 

3. 
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Table 3 -  Major hydraulic variables of laboratory tests, in which the ratio of floodplain depth and the main channel depth was changed (Ikeda et al., 2000)  

 
Without Vegetation With bank vegetation 

Without 
vegetation and 

suspended 
sediment 

Case A B C D E F G H I J 

Main Channel 
Depth hm (cm) 

5.75 6 6.25 6.5 7 7.5 6 6.5 7.5 6 

Flood Plain 
Depth hf (cm) 

0.83 1.08 1.33 1.58 2.08 2.58 1.08 1.58 2.58 1 

Depth Ratio 
hf/hm 

0.144 0.18 0.213 0.243 0.297 0.344 0.18 0.243 0.344 0.18 

Maximum 
Velocity in 

Main Channel 
um (cm/s) 

31.4 31.3 31.4 33.1 34.8 38.7 30.7 32.1 32.9 22.6 

Minimum 
Velocity in 

flood plain uf 
(cm/s) 

5.4 8.6 12.8 12.8 16.3 21.5 11 13.5 19.9 7.6 

Minimum 
Velocity in 
vegetation 

zone 
      

4.9 5.89 7.5 
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Another aspect of previous work that had not been investigated and quantified in 

detail was transverse mixing within a compound channel. Spence and Guymer 

looked into the transverse mixing of a solute tracer within a compound channel 

following the work done by Shiono, Scott and Kearney and more recently, Kang and 

Choi (2007) on complex 3D turbulence models.  

A 2D solution was sought following an investigation into the transverse mixing in a 

compound channel in over-bank flow conditions, based upon the momentum 

transferred from the in-bank to the over-bank. As stated above the effects were 

found to be greatest when the depth ratio was in the region of 0.1 to 0.3 (Knight and 

Shiono, River channel and Floodplain Hydraulics 1996).  

Laboratory experiments were conducted in a compound channel with the surface of 

the floodplain covered with varnished aggregate (D50 = 5.75 mm). Solute 

concentrations were measured during in-bank and over-bank flows to obtain the 

transverse mixing coefficients. Such coefficients were calculated using the ‘change of 

moment method’, developed by Holley, Siemons and Abraham (1972).  

A distribution of local transverse mixing coefficients was concluded with peak mixing 

occurring at the start of the floodplain, Figure 13. The transverse mixing distribution 

was found to match that of the Reynolds stress’s, with peak mixing occurring at 

maximum Reynolds stress.  
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Figure 13 - Showing the vorticity and momentum transfer within a compound channel 
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4.3.1 The Method of Moments and Evaluation of the Transverse Mixing 

Coefficient 

The transverse mixing coefficient of a Gaussian distribution can be calculated using 

the ‘method of moments’. For this to be applied, it is firstly necessary to calculate 

the moments of a recorded concentration distribution. These can be found by using 

the following equations: 

Equation 3 

 

Equation 4 

 

Equation 5 

 

 

Where C is the concentration at a point within the distribution and dy is the 

horizontal distance between each point. 

Once these values have been found, the area under the curve of the distribution, the 

centroid of that distribution, and the variance around the centroid can be calculated 

using the following equations: 
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Equation 6 

 

Equation 7 

 

Equation 8 

 

The centroid is an imaginary line that splits the area under the curve of distribution 

into two parts of equal moment. The variance describes the spread of distribution 

about the centroid. The use of a continuous steady state injection results in the 

distribution at a cross-section remaining constant irrespective of time. The mixing 

coefficient (Dy), is found by initially plotting the variance against longitudinal distance 

down the channel and then by multiplying the gradient of the graph by half the 

velocity, hence Equation 9, the transverse mixing equation.  

Equation 9 

 

Where u is the longitudinal velocity of the flow and dx is longitudinal distance down 

the channel. 
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4.4 Further Affecting Factors 

4.4.1 Kay’s Analytical Model(Kay 1987) 

The above equations relate to mixing within a simple rectangular channel, however 

Kay has proposed an analytical solution which can be used within a compound 

channel. 

Largely based on Kay’s paper, the decision was made to create a channel with two 

differing depths, to investigate the effects of topography upon pollutant dispersion. 

Kay’s paper looks into the pollutant flow and dispersion, following observations 

made on the flow of cooling water from a power station outfall. It was seen that the 

diffusion rates across the channel varied considerably based upon the topography of 

the area. A bed topography of interest modelled within this theory based paper, was 

a sharp depth change, the analysis of which was modelled by a two-dimensional 

advection-diffusion equation. This analytical solution will be used to determine the 

transverse mixing coefficients for the proposed research. 

Analytical solutions determining how a contaminant disperses within a given 

topography are found using mathematical modelling techniques such as the method 

of images (Kay) & commercial software such as Mike 21 developed by DHI Water and 

Environment.  

Within Kay’s paper, the diffusion for the laboratory setup was scaled using a Fickian 

diffusion equation. The scaling used was derived by Smith (1976) and are as follows:   

Equation 10 

 and  

Where h is the water depth, U is the current speed and Dy is the mixing coefficient.  

The contaminant is assumed to be well mixed vertically throughout the channel and 

on the bank, which is not necessarily the case in real life situations. Longitudinal 

diffusion is neglected, due to the steady state injection and also the fact that it takes 

place over a large distance.  
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Over the floodplain step, velocity and eddy diffusivity are likely to be continuous, 

however these effects shouldn’t persist for more than a few water depths either side 

of the step. Therefore it is important that the width of the channel and bank is 

greater than that of the depth of flow.  

The figure below is a plan of the two-dimensional model (step change) for which the 

advection-diffusion equation is to be solved: 

 

Figure 14 - Diagram showing the position of y0 in relation to the discontinuity (Kay 1987), where y0 is the 

distance from the discontinuity to the injection point. 

The advection-diffusion equations associated with the channel are as follows: 

Equation 11 

 

Equation 12 
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The overall mathematical model concluded from Kay’s paper, states that the 

concentration field produced by a point source of contaminate in water of uniform 

depth in the absence of a depth discontinuity, is given by the well documented 

Gaussian profile, which is obtained when Equation 13 is solved: 

Equation 13 

 

Where Q is the injection rate, y0 is the distance between the source and the depth 

change, y is the distance across the channel, with x being the longitudinal distance 

down the channel.  

It was found by Csanady (1973) that a solid boundary within a channel would have an 

effect on the dye concentration distribution. The concentration within the channel at any 

point is the sum of the concentration when the barrier is not present and the 

concentration due to the reflection of the dye. This latter value is equivalent to the 

concentration of the dye in the absence of a barrier, at an equal distance to the other side 

of where the barrier would have been.  

As in Figure 15, where the concentration at A equals the concentration of B plus C.  
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Figure 15- The reflection of dye from a barrier.

 

Figure 15- The reflection of dye from a barrier. 

Due to size limitations, the channel to be used for the proposed research will only model 

one flood plain and half of the main channel. Therefore, as a boundary wall will be present 

in the centre of the main channel, dye reflection from this wall will affect the distribution. 

This must be accounted for in the analytical solution of the dispersion coefficient, as Kay 

assumes an infinitely wide channel. 

 

Kay’s paper incorporates this theory (The method of Images) into his equations for 

transverse mixing in the presence of a discontinuity. He states that the discontinuity 

is likely to have a similar effect on the distribution acting as a solid barrier. 

The equation for the concentration the same side of the discontinuity as the source 

is given by Equation 14: 

Equation 14 
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Where fr is the relative strength of the image source, (which will be less than the 

original strength), much like refraction.  

For the concentration on the opposite side of the discontinuity from the source, the 

following equation was determined Equation 15: 

Equation 15 

 

Where yv is the distance of the virtual source from the discontinuity and fr is the 

relative strength of the virtual source. 

With the relevant boundary conditions and scaling applied as determined Equation 

15 can be rewritten in the form Equation 16: 

Equation 16 

 

From this, the theoretical contours of the contaminant concentrations could then be 

drawn graphically. In Figure 16, the water depth in region y>0 (floodplain),is half that 

of y<0 (main channel). In Figure 17, there is no depth change; in Figure 18  the dye is 

injected onto the floodplain and water depth in region y>0 is twice that of y<0: 
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Figure 16 - Contaminant concentration (Kay 1984) 

 

Figure 17 - Contaminant concentration (Kay 1984) 
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Figure 18 - Contaminant concentration (Kay 1984) 

This provides a mathematical model from which further work and predictions will be 

based. 

Although the assumptions made by Kay are perfectly reasonable as has been proved 

by 10 citations (Scopus) including authors of other papers used in this review, issues 

relating to the scaling of turbulence are present (Fischer, et al. 1979) and no 

verification of the model has been mentioned in relation to a larger scale. 

Turbulence is an issue that could be addressed in the future and must be taken into 

consideration on a larger scale. For modelling cross-sectional diffusion however, 

these effects can be considered to be negligible. Although Kay assumes an infinitely 

wide channel in his model, the effects of a discontinuous change in depth on 

velocities and eddies over the width of the channel must be accounted for, as 

demonstrated by Shiono & Knight (1991). 
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4.5 Proposed Work 

The issues covered within the literature review include advection-diffusion models 

and 2D mixing models of a solute tracer. The proposed research will be conducted 

initially to analyse the effect of a step discontinuity on transverse mixing 

characteristics, using Kay’s model as an analytical solution and secondly, an 

investigation into the effect of roughness on a floodplain, as these are areas which 

have not been looked into in depth. Using the models described above predictions 

can be made as to what values should be obtained with specific roughness values 

and what can be expected in a compound channel. The compound channel geometry 

should be considered carefully, as the dispersion coefficient can be influenced 

directly from the dimensions. A theoretical dispersion coefficient can be calculated 

directly from the channel proportions using Equation 17. 

Equation 17 

 

Where h is the hydraulic radius (m), and u* is the shear velocity (m/s) which is 

worked out from where g is the gravitational constant, and S is the bed slope, 

or in this case to be approximately 1/10 Ud (mean velocity).  
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5 Over-bank Flows Research 

5.1 Aim of Investigation 

The aim of the investigation is to establish how the mixing characteristics of a 

compound channel compare to that of a simple rectangular set up, and furthermore, 

how the mixing characteristics on a floodplain will vary with a quantifiable increase 

in roughness (vegetation). Such results will be calculated from collected tracer 

concentrations at locations downstream of a steady state injection of the pollutant 

tracer Rhadomine WT. Such variations in experimental conditions will produce a 

number of transverse mixing coefficients that can each be used to determine at what 

longitudinal downstream distances, a pollutant entering the water course will 

become well mixed.  

Particle Image Velocimetry (PIV) will be used to determine the flow velocities 

necessary for the calculation of mixing coefficients. It is of further interest to see 

how possible transverse variations in flow velocity may affect dispersion 

characteristics and the effect that a discontinuity may have on accompanying flow 

fields. 
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5.2 Prediction 

Conversely to the level flow expected in a rectangular channel, it is predicted that 

the step discontinuity will cause the flow depths in the main channel and those on 

the floodplain to differ, each of which will display different mixing characteristics. 

Whilst enhanced mixing behaviour is expected at the step and in the main channel 

due to increased vorticity and turbulence see Figure 13 in comparison to a simple 

rectangular channel, the relatively slower flow likely to occur on the floodplain due 

to shallower flow depths may display lower mixing characteristics. It may be 

expected that the combined effects produce a heavily skewed distribution, with the 

over-bank flow concentrations producing a long tail of data. As can be seen in the 

technical section of this report, the difference between the bed height on the 

floodplain and in the main channel, present a ratio of 0.24. Knight & Shiono (1996) 

suggest that a relative depth value between 0.1-0.3 will produce the maximum 

interaction of Eddies and shear flow effects. As was detailed in the literature review, 

a relative depth of 0.24 would, according to Ikeda et al, produce a main channel flow 

velocity of 0.33ms-1 and a floodplain velocity close to 0.14ms-1 (Ikeda, et al. 2000). It 

would be expected that this would result in a higher mixing coefficient in the deeper 

region of the compound channel, compared to that of the rectangular channel.  

With the investigation of the effects of vegetation, almost Gaussian distribution of 

the dye concentrations can be expected across the floodplain (Spence and Guymer 

2009).It is thought that the gravel will serve to increase mixing behaviour and 

subsequently allow injected pollutants to become more well mixed with distance 

downstream in comparison to the lower mixing characteristics expected from the 

un-vegetated channel. Such a relationship would result in dye concentration 

distributions becoming wider and shallower with increased distance downstream of 

the injection point, at a faster rate with the presence of gravel (see Figure 19 and 

Figure 20). 



P a g e  | 41 

 

Figure 19 - Showing the predicted graph characteristics with no gravel present in the channel 

 

Figure 20 - Showing the predicted graph characteristics with gravel in the channel 
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5.3 Investigations 

Whilst all investigations were conducted at the University of Warwick’s water 

laboratory, the experimental process can be separated into the two main areas of 

investigation: 

o Investigation 1 - The investigation into the effect of a step discontinuity in a channel  

o Investigation 2 - The investigation into the effect of increased roughness 

(vegetation) on a floodplain 

5.3.1 Investigation 1 

The investigation into the effect of a discontinuity on the horizontal mixing within a 

channel was achieved by initially measuring the dye concentration distribution 

within a rectangular channel. This experiment will be hence forth referred to as 

Experiment 1. 

After the above study had been completed Experiment 2 was conducted. A 50 mm 

concrete step was cast on a slope of 1 in 1143 in the channel, allowing for the 

simulation of a floodplain (see section 4.8.1 in the technical report). The step 

discontinuity had a manning’s roughness, n, of 0.0246, equal to that of the bed on 

which it was cast.  

For experiment 1 (i.e. no discontinuity within a rectangular channel), the tracer dye 

was injected in the centre of the channel with the aim of producing Gaussian 

distributions of dye concentrations. In the case of experiment 2, the injection point 

was moved to the edge of the discontinuity, y0=0, where y0 is the distance from the 

discontinuity to the injection point, shown in Figure 14, to simulate the injection of a 

pollutant from the bank of a river.  

The comparison of experiments 1 and 2 will give rise to data detailing the effects of a 

compound channel when studying the spread of a pollutant.  
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5.3.2 Investigation 2  

To test for the effects of increased roughness (vegetation) on over-bank flow, firstly 

a transverse mixing investigation had to be conducted on the floodplain with a 

Manning’s roughness n of, 0.0246. This experimental set up is termed Experiment 3.  

With data collected for the above condition, Experiment 4 was undertaken. 10 mm 

gravel was spread evenly across the entire width of the floodplain giving a 

subsequent increase in roughness to 0.0706.  

For both experiment 3 and 4 the injection pipe was situated in the centre of the 

floodplain, y0=0.313m. It was assumed that such an injection site would allow the 

main channel flow effects to be neglected, similar to that described by Spence and 

Guymer (2009). 
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5.4 Laboratory equipment and set up 

5.4.1 Experiment 1 

o Water was delivered from a header tank to ensure continuity of discharge throughout, 

with uniform flow conditions being established with a downstream tail gate. A discharge 

of 5.742 x 10-3 m3s-1 produced a uniform flow depth of 0.1 m.  

o Rhodamine WT tracer dye (see Technical Report, section 1.2.1) was introduced into the 

flow at a concentration of 50,000 parts per billion (ppb) using a constant head injection 

system mounted above the channel. The 5 mm external diameter pipe was suspended in 

the centre of the channel, at 0.4 times the depth of water (the point at which the depth 

average velocity is assumed to occur, 0.4 d) in the flow producing a steady state 

injection at a discharge of 96ml min-1 at a velocity similar to that of the existing flow. 

o Flow velocities were measured for a section of the channel using a Valeport, Model 801 

Electromagnetic Open Channel Flow Meter (see Technical Report, section 1.3) each 

taken at 0.4d.  

5.4.2 Experiments 2, 3 and 4, 

o Similarly, water was delivered from a header tank to ensure continuity of discharge 

throughout each experiment with uniform flow conditions being established with a 

downstream tail gate. From an inflow discharge of 0.01 m3s-1, the subsequent main 

channel flow depth was 66 mm thus producing a small relative floodplain depth of 0.016 

m.  

o The same tracer Rhodamine WT tracer dye was introduced into the flow at a 

concentration of 100,000 ppb using the same constant head injection system described 

above, again at a depth of 0.4 d, producing a steady state injection at a discharge of 

96ml min-1 at a velocity similar to that of the existing flow.  

o Within experiment 2, the dye injection was located at the discontinuity, y0 =0, hence y = 

0.625 m. 

o For Experiments 3 and 4 y0 = 0.313 m 

o Flow velocities were measured transversely across the channel and graphically 

represented as vector plots using Particle Image Velocimetry (PIV) see section 5.4.3. A 
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high definition video camera was used to capture the surface flow behaviour of Talisman 

30 tracer particles (see Technical Report, section 1.2.2), particles of which were assumed 

to exhibit the true flow characteristics of the watercourse. The subsequent velocity 

vector plots were modelled using Matlab and are given in the analysis section of this 

report.  

For all experiments, concentrations downstream of the injection were collected 

using a Turner Designs, Cyclops probe (see Technical Report, section 1.5), connected 

to a computer using the Labview, data collection software. The probe was secured to 

a transversely sliding rail allowing for its movement across the entire channel width.  

Further to the collection of downstream concentrations, a fully submersible SCUFA 

automatic sampling fluorometer (see Technical Report, section 1.4) was used to 

measure the temporal increase in background readings that resulted from the 

constant injection of dye into a re-circulating system. The SCUFA was situated 

upstream of the injection as to provide background readings of the water entering 

the channel. Knowing the time at which each concentration was recorded, the 

corresponding background concentration could then be removed from the Cyclops 

data giving concentration values that are all relative to zero.  

Health and safety regulations were followed at all times within the laboratory with 

experimentalists wearing non-slip safety shoes and lab coats. Furthermore all 

electrical equipment was kept at a safe distance from the water or otherwise 

securely fastened to beams spanning the channel width. Risk assessments and 

COSHH forms were completed to allow for the safe use of the Rhodamine WT and 

the PIV Talisman 30 tracer particles (available in appendix O).  
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5.4.3 Particle Image Velocimetry (PIV) 

As mentioned, surface flow velocities were determined using a simplified version of 

PIV(Howard 2010). A high speed video camera was suspended above the channel 

and programmed to record a video at a rate of 210 frames per second. Talisman 30 

particles were scattered across the entire channel width, approximately 3m 

upstream of the video interrogation area. This distance was chosen to allow the 

particles to spread across the flow in an attempt to reduce particle coagulation and 

thus enhance the quality of the collected images. Approximately 70 frames were 

extracted from the movie files at 0.08 second intervals allowing a 5.6 second velocity 

average to be established (see Appendix G and H). The collected images were 

analysed using the Matlab code, MatPIV detailed in appendix U, allowing for the 

production of velocity vector plots and averaged velocity values for the main channel 

and floodplain alike (Figure 41, Figure 42, Figure 44 and Figure 45).  

It was assumed that the surface velocities recorded were 1.5 times that of the depth 

averaged velocity and furthermore, that the flow behaviour exhibited within the 

video interrogation was representative of the entire channel length, due to uniform 

flow conditions, thus giving justification for a single interrogation position.  
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5.5 Experimental Programme 

The experiments were undertaken with the aforementioned discharges and 

corresponding uniform flow depths for the main channel and floodplain respectively.  

For each experiment, the solute tracer was injected into the channel at the 

corresponding concentrations and injection positions as detailed in the previous 

section and left to stabilise for approximately 5 minutes prior to experimentation. 

Dye concentrations were measured with the Cyclops 5 mm vertically from the 

floodplain bed and 55mm from the main channel bed for 10 seconds. Readings were 

taken at 20 mm increments transversely across the channel, at measurement 

sections 4.5, 5.5, 6.5, 7.5, 8.5, 9.5 and 10.5 m downstream of the injection point. The 

stability of the voltage read out from the Cyclops allowed for a relatively short data 

collection period of 10 seconds, further enhanced with a sampling rate of 4Hz, 

providing a point average of 40 collected readings per 10 seconds of sampling. 

Further justification for such a sampling period can be viewed in section 3.13 of the 

Technical Report. The calibrations discussed in section 4.1 in the Technical Report 

were then applied to give corresponding concentrations. A SCUFA had been used to 

log the background concentration each day, at the end of a day of experiments the 

data was downloaded and stored on a computer and the SCUFA memory erased, 

ready for the next experiment. The time and date of each experiment was recorded 

so the data collected by the Cyclops could be related to the background data stored 

on the computer. 
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5.6 Investigation 1 

Investigation into the effect of a discontinuity  

This section of the report details the investigation into the effect of a discontinuity 

on the horizontal mixing within a channel. This was achieved by initially measuring 

the dye concentration distribution within a rectangular channel (experiment 1) and 

then repeating the experiment within a compound channel, simulating a main 

channel and a floodplain (experiment 2). 

The method of moments was used to calculate the horizontal dispersion coefficient 

in experiment 1. 

This was not a viable option to analyse the data in experiment 2, Kay’s previous 

research (Kay 1987) detailed a theoretical model to calculate the horizontal 

dispersion coefficients in the presence of step discontinuity. By inputting the specific 

variables found into his model and altering the dispersion coefficients until his 

predicted distribution matched the observed data, the horizontal dispersion 

coefficients of the main channel and floodplain were calculated. 
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5.6.1 Observation and Results  

5.6.1.1 Experiment 1, Rectangular Channel – No discontinuity  

From observing the experiment it was seen that the dye dispersion increased 

horizontally the further from the injection point it travelled. At a longitudinal 

distance of 9 m from the dye injection point the dye reached the walls of the 

channel. 

The voltages collected by the Cyclops were converted into concentrations in ppb, 

using the calibration equations discussed in section 3.13 of the Technical Report. 

Due to the continuous injection of the dye into the channel, the background dye 

concentration of the water increased, this shifted the raw results up linearly with 

respect to the time each sample was taken. 

To analyse the data accurately and find the transverse mixing coefficients of each 

section, it was necessary to remove the background. 

The background concentration data collected with the SCUFA was plotted against 

time, allowing an equation mapping the increase of concentration to be found for 

each day’s worth of data. 

These equations were applied to the respective distribution curves, corresponding to 

the time and the date which the experiments were conducted. 

By doing this it was possible to plot the distribution of the dye at different 

downstream locations and relate them to each other reliably (see Figure 21). 



P a g e  | 50 

 

Figure 21 - Horizontal distribution of dye at different longitudinal distance down the channel. 

This data was collected using the 6 V batteries to power the Cyclops, before the 

effect of this power source on the accuracy of the Cyclops was known, refer to 

section 4.2 of the Technical Report. 

Therefore there is a noticeable amount of noise and distortion within the data set. 

Regardless the curves are in approximately the right place and follow the expected 

pattern; a reduced peak and an increased width of distribution as the sections are 

measured further downstream from the dye injection point.  

The dye distribution collected from cross-section 1 occupies a larger area than the 

other cross-sections, this does not conform to the predicted distribution, and it is 

thought this may be an error, due to the inaccuracies, due to the power source. 

Horizontal Dispersion

-10

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100

Distance across Channel (cm)

Co
nc

en
tr

at
io

n 
(p

pb
)

Station 1
(2.5m)

Station 2
(4.28m)

Station 3
(6.03m)

Station 4
(7.78m)



P a g e  | 51 

5.6.1.2 Experiment 2, Compound Channel - Discontinuity Present 

The spread of dye onto the floodplain increased with longitudinal distance from the 

injection point. When conducting the experiment, very little of the dye moved onto 

the floodplain. At any of the downstream sections the amount of dye on the 

floodplain was very little in comparison to that in the main channel. 

The dye concentration in the main channel did not return to the background 

concentration, as the wall of the channel prevented dye movement laterally and 

reflected it back into the main channel. This effect increased with longitudinal 

distance downstream.  

The data collected was initially converted from voltages to concentration of dye 

(ppb) using the calibration equations discussed in section 3.13 of the Technical 

Report, the background dye concentrations collected by the SCUFA were removed 

from the distributions as detailed in section 5.4.1. 

To prevent the inherent inaccuracies from the experimental procedures distorting 

the data when mapping Kay’s calculated distributions (Kay 1987) to those collected; 

the tail of the distribution was cut off when it was deemed to have reached the 

background concentration of the channel. 

In this experiment, values less than 0.5% of the peak concentration were 

disregarded, thus allowing a large portion of the data to be taken into consideration, 

whilst still removing the majority of the noise. 

The final concentration distributions, with the backgrounds and tails removed, for 

increasing longitudinal distances downstream of the injection point can be seen in 

Figure 22. 

The distributions are clearly skewed as there is steep gradient on the side of the 

floodplain and a shallow gradient on the side of the main channel. The floodplain 

gradient is approximately 2.1 times steeper than that of the main channel. This is 

because the quantity of dye on the floodplain is very small and the high 
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concentrations found at the edge of the main channel quickly return to background 

level. 

By observing the images of the PIV analysis seen in appendix G and H, it is apparent 

that there is an absence of particles in the centre of the main channel. This suggests 

that there is an increased vorticity surrounding the step discontinuity that serves to 

disperse the particles to the edge of the channel.  

 

 

 

 

 

 

 

The error due to the variation of the Cyclops within the main channel and floodplain 

was found to be ±0.435 % and ± 3.788 % respectively, as detailed in section 3.2.3 of 

the Technical Report.  

The errors upon the floodplain are higher as the depth of water is less and the 

accuracy of the Cyclops is affected by the depth of water.  
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In addition to the inconsistency within the equipment, the variation of the dye 

concentration must be accounted for. The concentration of each batch of dye varied 

by as much as 5%, ± 5,000 ppb, either side of the desired concentration of 100,000 

ppb. This may have shifted the dye concentration at some locations across the 

channel up or down by 5%.  

Furthermore the Cyclops was moved across the channel by hand and the position 

measured against a tape measure, the level accuracy achievable when completing 

this procedure was ± 0.5 mm which is 2.5 % of the 20 mm increments used. 

By adding these errors together, the maximum total error at each data point is ± 7.94 

% and 11.29 % for the main channel and the floodplain respectively. 

This translates as a potential error of ±11.54% and ±15.38% for the dispersion 

coefficients of the main channel and the floodplain respectively.  

Considering the order of magnitude is the governing value of the dispersion 

coefficient, these errors are not significant and will not radically affect any analysis or 

conclusions. 
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5.6.2 Analysis and Discussion 

The data collected from experiment 1 demonstrates how the distributions are 

distorted by noise created by the 6V batteries used to power the Cyclops. 

Figure 21 shows how the majority of the distributions follow the predicted pattern of 

a decrease in peak concentration and increase in transverse spread, with the most 

obvious anomaly apparent at section 1. Visual inspection of this distribution reveals 

that the area under this curve is significantly larger than that of the others.  

The area under each graph would be approximately equal if the horizontal velocity 

profile was constant. If this were the case, the dye would travel at the same rate and 

the area of the horizontal distribution, at any given cross-section down the channel, 

would remain constant against time with a constant injection of dye. 

The depth average velocity of the water, 0.4d, was measured using the Valeport flow 

meter, at 100 mm intervals across the channel at section 4 to create a horizontal 

velocity profile. A vertical velocity profile recorded from the centre of cross-section 4 

can be seen in Appendix A. 

The horizontal velocity profile can be seen in Table 4. As the velocity is not constant 

across the channel the area under each graph will differ, but the mass flux will 

remain constant between each cross-section. 
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Table 4 - The Horizontal Velocity Profile 

         Distance across the channel  

        (mm)                                      (m) 

Average 

(m/s) 

100 0.1 0.057 

200 0.2 0.057 

300 0.3 0.058 

400 0.4 0.057 

500 0.5 0.061 

600 0.6 0.061 

700 0.7 0.057 

800 0.8 0.054 

900 0.9 0.058 

Ud (height averaged velocity) 0.058 

Depth of water 100 mm,  

Readings taken at: 40 mm from the bottom.  

Width of channel is 0.99m length is 20 m 

Cross-sectional Area =0.099 m2
  Discharge Q = 5.742 x 

10-3 m3s-1 

The mass flux is the flow rate of mass across an area and takes into consideration the 

velocity of the flow at every point in the horizontal dye distribution. The velocity at 

each point remains constant with time and therefore the sum of the mass flux across 

each cross-section should be equal.  

Therefore by calculating the mass flux of each distribution, Equation 18, one can 

compare the values to ensure they are similar and therefore a valid representation 

of the movement of the dye within the channel, Table 5. 

Equation 18 
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Where Ud is the depth averaged velocity, dy is the difference in horizontal position 

between each reading, h is the depth of water and C is the concentration of dye in 

ppb. 

Table 5 - The mass fluxes of the concentration distributions. 

  

Area  

(ppb s) 

Mass Flux  

(ppb m
3
s

-1
) 

Station 1 (2.5 m) 22.58 0.134 

Station 2 (4.28 m) 13.52 0.0791 

Station 3 (6.03 m) 14.52 0.0852 

Station 4 (7.78 m) 16.71 0.0976 

 

From Table 5 it is clear that the mass flux at station 1 is significantly larger than the 

other values. This coupled with the abnormally large area, which does not conform 

to the expected distribution, leads to the conclusion that there is an error in the data 

collected at cross-section 1. The error is thought to be caused by a combination of 

the variability of readings due to the 12 V car battery powering the Cyclops and too 

short a sampling interval, which resulted in values of concentration, which were not 

representative of the dye distribution. 

The other values of mass flux are similar enough to each other to validate the 

distributions. The small differences seen should be accounted for by the reasons 

listed above, but are not significant enough to affect the resulting dispersion 

coefficient. 

Having looked at the distribution of a second data set collected from cross-section 1, 

where the sampling intervals used were 50 mm, a less anomalous curve is found, 

which better fits the expected distribution. Recalculating the mass flux for this data 

set, a value of 0.0590ppb m3s-1- is found, which is more consistent with the values 

calculated for the other distributions. Therefore, the mixing coefficient will be 

calculated using the original data (data set 1), the repeated data (data set 2) and 

finally with neglecting section 1 all together. 
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To remove some of the noise distorting the distribution, it was decided to plot a 

moving average trendline (with a subset size of 4) for all the distributions, presented 

in Figure 23. 

With the removal of the noise, the trend in the data becomes clear (Figure 23).  

 

Figure 23 - Modified horizontal concentration profile 

To calculate the dispersion coefficient the velocity of the water in the channel was 

required. This was calculated by averaging the depth averaged velocity at 100 mm 

intervals across the channel at cross-section 4, as seen in Table 4. The average 

velocity of the channel was found to be 0.058 ms-1. 

The method of moments was used to calculate the centroid and variance of the 

distribution, as seen in section 4. The horizontal mixing coefficients can be found by 

plotting the variance against longitudinal distance. The graphs for both data set 1 

and 2 can be seen below in Figure 24 and Figure 25. 
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Figure 24 - Showing the horizontal dispersion using data set 1 (left) 

Figure 25 - Showing the horizontal dispersion using data set 2 (right) 

Figure 24 is linear except for the first point, which skews the trendline and changes 

the gradient. By using the second set of data in Figure 25, a closer fitting line of best 

fit is produced, which will give more accurate mixing coefficients, as it disregards the 

anonymous data collected at cross-section 1. The gradient of the graphs and 

Equation 18, were used to calculate the overall horizontal mixing coefficient for the 

three cases, Table 6. 

Table 6 - The overall and individual horizontal mixing coefficient 

Cross  

Section 

Distance 

(m) 
Centroid Variance 

Gradient 

(Δ variance 

 Δ distance) 

Individual 

Dispersion 

coefficient 

(m
2
s

-1
) 

Overall 

Dispersion 

coefficient 1 

(data set 1) 

(m
2
s

-1
) 

Overall 

Dispersion 

coefficient 2 

(data set 2) 

(m
2
s

-1
) 

Overall  

Dispersion 

coefficient 3 

(ignoring section 1) 

(m
2
s

-1
) 

1 2.53 0.51 1.01 x10
-2

 6.4x10
-4

 1.83x10
-5

 5.48x10
-5

   

1 (set 2) 2.53 0.47 3.11 x10
-3

 3.4x10
-3

 9.70x10
-5

  8.37x10
-5

  

2 4.28 0.46 8.99 x10
-3

 2.8x10
-3

 8.210x10
-5

   8.66x10
-5

 

3 6.03 0.46 1.40 x10
-2

 3.2x10
-3

 9.230x10
-5

    

4 7.78 0.33 2.0 x10
-2

      

Average (based on the original data)  6.420x10
-5

    

Average (including modified station 1)  9.050x10
-5

    

By using the second data set for cross-section 1, the overall mixing coefficient is 

closer to the average individual coefficient. The R2 value from the line of best fit is 

0.999, which suggests the majority of the data fits the line. To ensure that the use of 
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data set 2 did not have a detrimental effect on the value of the dispersion 

coefficient, the dispersion coefficient was calculated again using only stations 2-4. 

The recalculated coefficient had a value of 8.66 x 10-5m2s-1, which is approximately 

equal to 8.37 x 10-5m2s-1, the value found when using data set 2. 

This report will try and validate the use of the second data set further, by calculating 

the theoretical value for the mixing coefficient and comparing it with the computed 

value, Equation 17. 

 

 

The theoretically calculated value (7.73 x 10-5 m2s-1) is the same order of magnitude 

as the value obtained from the analysis using the second data set (8.37x10-5 m2s-1), 

this suggests that the experiment was successful and the values achieved accurate. 

This validates the second data set values to a satisfactory extent.  

As the dye moved further down the channel it became more horizontally spread and 

well mixed. This was due to the presence of ‘random short term fluctuations’ 

(Guymer, Wilson and Boxall 2005) or turbulence within the channel, Brownian 

motion would have also contributed to the dispersion of the dye. 

The overall mixing coefficient found using the second data set was 8.37 x 10-5 m2s-1; 

this value was low relative to the initial experiment, suggesting that there was little 

turbulence in the water and therefore the amount of mixing occurring was limited. 

The initial results were distorted by noise and the distribution from the first cross-

section did not match any theoretical predictions. After removing the noise and 

using data set 2, the resulting distribution was very similar to what was predicted. 

The noise and the poor results from cross-section 1, is thought to be caused by a 

combination of the variability of the readings due to the 12 V Car battery powering 

the Cyclops and too short a sampling interval which resulted in values of 

concentration which were not representative of the dye distribution. 
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As the flume used during experimentation was less than a metre wide, the distance 

taken for the dye distribution to reach the sides of the channel had a significant 

effect on the experiment. It was observed that the dye reached the channel walls at 

a longitudinal distance of 9 m from the dye injection point, therefore, the 

investigated cross-sections had to occur upstream of this point. If cross-sections had 

been examined more than 9 m downstream, the dye would have been reflected 

from the walls into the main channel, hence interfering with the collected 

concentration distributions. 

Due to the limited investigation area, the first cross-section was positioned 2.53 m 

away from the dye inlet point. However, such a small distance between the injection 

and the first sampling section meant the injected dye at this point was not 

consistently mixed. Therefore, the dye concentrations varied at each position across 

the channel, thus resulting in concentration fluctuations. 

A longer sampling period would have allowed the fluctuations to have been 

averaged out, producing a more representative value. 

This, combined with the variation within the Cyclops equipment, meant that the 

results collected would have been more reliable, had a larger channel and a steady 

power source been used. 
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Having discussed experiment 1 above, this latter section focuses on experiment 2 

conducted within the compound channel in detail. 

To ensure that there are no discrepancies in the dye distributions, the mass flux of 

each distribution is calculated to validate the data found. The corresponding mass 

fluxes are presented in Table 7 below. 

Table 7 - The area under the curves of the graph shown in Figure 22. 

 

Longitudinal 
distance 
downstream 
(m) 

Mass Flux  

(ppb m3s-1) 

4.5 0.04 

5.5 0.04 

6.5 0.04 

7.5 0.03 

8.5 0.04 

9.5 0.03 

10.5 0.04 

 

As seen above in Table 7 the fluxes are very similar only differing by 0.01 ppb m3s-1 

which is not significant, this validates the data as the mass flux is approximately 

constant at each cross-section. 

Due to the presence of the floodplain, the mixing coefficients could not be found 

using the method of moments as in experiment 1, as the distribution was not 

Gaussian. 

As the experimental procedure mimicked that of Kay’s, his method of analysing the 

transverse mixing coefficients, focussing on the effect of a discontinuity, seemed the 

most appropriate solution. 
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A spread sheet was set up using Kay’s formulas to calculate the floodplain and main 

channel concentration distributions and the dispersion coefficients, Equation 17 and 

Equation 18. 

From section 4, Kay’s analytical solution assumes an infinitely wide channel. As the 

channel was 0.99 m in width, when creating the analytical spreadsheet, the boundaries of 

the channel were taken into consideration. This may have altered the accuracy to which 

the distributions were modelled. 

By inserting the specific variables for each cross-section into the spreadsheet, Kay’s 

predicted concentration distribution for the experimental set up could be found, 

Table 8. 

Table 8 - An example of the variables inserted into the spreadsheet for each cross-section, these figures were 

taken for the cross-section 4.5 m. 

Longitudinal Distance x (m) 4.5 

Injection Point yo (m) 0 

Dye Discharge Q (mls-1) 1.60 

Manning’s Roughness 

Coefficient n 2.46E-02 

Bed Slope So 0.00088 

Water Depth (Main channel) h1 (m) 0.066 

Water Depth (Floodplain) h2 (m) 0.016 

Hydraulic Radius (Main channel) R1 (m) 0.049 

Hydraulic Radius (Floodplain) R2 (m) 0.016 

Velocity (Main channel) U1 (m/s) 2.40E-01 

Velocity (Floodplain) U2 (m/s) 1.48E-01 

Mixing coefficient (Main 

Channel) Dy1 (m2/s) 0.00024 

Mixing coefficient (Floodplain) Dy2 (m2/s) 0.000035 

This was compared with the observed distribution using Equation 19. 
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Where e(c) is the concentration collected from the experiment and k(c) is the 

predicted concentration using Kay’s formula. 

Equation 19 

 

The smaller this value, the more closely Kay’s predicted distribution corresponded to 

the collected data. 

By changing the mixing coefficient, the graphs produced by Kay’s analytical model 

could be matched to the data recorded from the experiment.  

By applying a goal seek function on Equation 19, the sum of the difference between 

the squares of both concentrations could be minimised to as near zero as possible by 

changing the mixing coefficients.  

A print screen of the spreadsheet used to calculate the mixing coefficients can be 

seen in Figure 26, the graph in Figure 26 has been reproduced in Figure 27.

 

Figure 26 - Print screen of the spreadsheet used to calculate the mixing coefficient using Kay’s Formulas. 
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Figure 27 - Spreadsheet data matched to the channel concentrations found at 4.5 m downstream of the 
injection point. 

The mixing coefficient which produced Kay’s concentration distribution closest to the 

collected data was taken as the mixing coefficient for that cross-section of the 

channel. 

The calculated Kay’s distribution which most closely matched the collected 

distribution at each cross-section can be seen in Figure 28 and Figure 29. 

The individual comparison graph of each cross-section can be view in Appendix B.
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Figure 28 - Transverse distributions which correspond closest to the recorded distributions. 
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Figure 29 - The dye distribution calculated using Kay’s equations *10+, compared to the distribution observed.

Over-bank Main channel 

 



P a g e  | 67 

See Table 9 below for the mixing coefficients which achieved these distributions. 

Table 9 - The transverse mixing coefficients in the main channel (Dy1) and in the floodplain flow (Dy2) 

Longitudinal distance (m) 

Dispersion 
Coefficients         

Main Channel 

Dy1 (m2s-1) 

Dispersion 
Coefficients 
Floodplain 

Dy2 (m2s-1) 

4.5 2.4 x10-4 ±11.54% 3.5 x10-5 ±15.38% 

5.5 2.7 x10-4 ±11.54% 1.8 x10-5 ±15.38% 

6.5 2.4 x10-4 ±11.54% 2.0 x10-5 ±15.38% 

7.5 2.6 x10-4 ±11.54% 2.5 x10-5 ±15.38% 

8.5 3.4 x10-4 ±11.54% 2.5 x10-5 ±15.38% 

9.5 3.7 x10-4 ±11.54% 2.5 x10-5 ±15.38% 

10.5 3.6 x10-4 ±11.54% 5.0 x10-5 ±15.38% 

Mean Average 2.97 x10-4 ±11.54% 2.7 x10-5 ±15.38% 

Median average 2.7 x10-4 ±11.54% 2.5 x10-5 ±15.38% 

 

Kay’s predicted distributions follow the same shape as the observed distributions. The gradient 

is steeper on the floodplain portion of the graph and the distributions become wider and 

shallower as the investigated cross-sections are further downstream of the dye injection point. 

The close proximity between the recorded distributions and the distributions created using 

Kay’s equations modelled from the data indicates that the dispersion coefficients calculated are 

likely to correspond to the distributions that were found, provided Kay’s analytical solution is 

accurate. 

To further appreciate the variation between the two distributions, the differences have been 

plotted, Figure 30, to identify any areas where Kay’s distribution failed to match the 

experimental distribution Figure 22.  
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The calculated errors, as seen in Table 9, are not significant enough to have an effect on the 

dispersion coefficient. 

 

Figure 30 - The difference between the observed concentrations and Kay’s data, modelled from the original distribution. 

A perfect match of the distributions would produce a straight line, of zero ppb, therefore 

minimal differences would be more desirable.  

Having observed Figure 30, there are clearly two areas where the two distributions differ. The 

first is located just before the discontinuity, where the gradient of the concentration 

distribution increases rapidly (Figure 22). Due to this, a small difference in the horizontal 

position of a data point will result in a large vertical difference between the two distributions. 

This is unavoidable unless the two distributions are matched perfectly.  

The second area where there is significant difference is just before the wall of the main channel 

(i.e. x = 0.8 m). This may be due to the wall reflecting the dye back into the main channel, thus 

increasing the concentration, an affect that can be viewed in more detail in section 4. 
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The magnitudes of the differences at the first peak seem to be related to the longitudinal 

distance from the dye injection point. The investigated cross-sections are listed below, highest 

to lowest differences: 4.5 m, 5.5 m, 7.5 m, 8.5 m, 9.5 m, 10.5 m, 6.5 m. The magnitudes of the 

differences gets smaller the further from the injection point the cross-sections are taken. This is 

to be expected, as the peaks of the concentration distributions get smaller with downstream 

distance. Therefore it would be expected that the differences reduce proportionally. The 

section at 6.5 m has smaller differences, which suggest that the Kay model is better matched to 

this distribution than the other cross-sections.  

There seems to be no correlation between the magnitude of the differences and longitudinal 

distance at the second peak in Figure 30. This is due to the reflection of dye from the wall 

affecting all the later cross-sections more significantly, but initially the stations have a larger 

peak and steeper gradient and therefore any variability between the distributions is more 

significant, similar to the first peak. The maximum difference of 9.73 ppb is found in this second 

peak and occurs at cross-section 4.5 m. 

The magnitude of the dispersion coefficient is the significant value. All the calculated dispersion 

coefficients for the floodplain have the same magnitude (1 x 10-5 m2s-s) as do those of the main 

channel (1 x 10-4 m2s-s). This is a good indication of the consistency within the results. 

As the floodplain and the main channel have different mixing coefficients, the dye distributions 

are skewed. 

The dispersion coefficient of the main channel is an order of magnitude greater than the 

corresponding value for the floodplain. This is expected as the water in the main channel is 

moving faster, thus encouraging turbulence and shear diffusion, which increases the mixing 

within the flow.  

The water on the floodplain is moving slowly suggesting laminar to transient flow and 

therefore, the dye becomes less mixed within the water as there is less variation between the 

velocities experienced by dye particles and hence less shear diffusion. This accounts for the 

steeper gradient on the side of the floodplain. Furthermore, significantly less dye was present 
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on the floodplain than within the main channel. This was due to the fact the majority of the 

water and therefore dye, was directed along the main channel when the injection point was 

situated on the discontinuity, y0 = 0 m. The main channel had a cross-sectional area twice the 

size of that of the floodplain and a higher velocity of water, therefore, the discharge was 

significantly larger. Further to this Kay’s previous research suggests that the step discontinuity 

acts as a barrier to the dye, reflecting a portion of it back into the main channel, increasing the 

amount of dye present there, (314.4.1 Literature review). 

The PIV analysis, Figure 41 and Figure 42 of investigation 2, revealed that the average velocity 

within the main channel was 0.24 ms-1, whereas the average velocity of the water on the 

floodplain was 0.15 ms-1, 1.5 times smaller. Therefore the dye within the main channel had a 

higher rate of mixing, resulting from the turbulence within the flow and the intense vorticity 

above the floodplain step. 

Knight and Shiono’s (1996) previous work suggested that a depth ratio between the floodplain 

and the main channel between 0.1 and 0.3 will produce maximum interaction of eddies and 

shear flow effects, a cause of secondary flows (Previous Work and Current Theories). The ratio 

between the bank and main channel is 0.24 and therefore within the experimental set up the 

optimum ratio for interaction between the step change and the flow can be obtained. This 

creates turbulent flow and therefore increased mixing within the main channel. 

The later cross-sections at a greater longitudinal distance from the injection point have a 

shallower gradient, in comparison to the initial cross-sections. This is caused by the increase in 

the horizontal width of the distribution and the spread of dye on to the floodplain.  

The gradient of the distribution curve on the side of the main channel is shallower as 

turbulence within the flow encourages the main channel to be more transversely well mixed. At 

many of the cross-sections the full distribution curve was not realised due to the wall of the 

channel, the dye was hitting the wall and being reflected back into the main channel. The 

further downstream the cross-sections are located, the more dramatic the effect, as the dye 

becomes more transversely mixed. Therefore if the channel was infinitely wide the dye would 

move further across the channel until it reached background concentration. As this is not the 
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case the dye was reflected back into the main channel and increased the dye concentration at 

the points adjacent to the wall. It is here that the set up differs from Kay’s paper (The effect of 

cross-stream depth variations upon contaminant dispersion in a vertically well-mixed current 

1987) where he assumes that the channel is infinitely wide, the difference in the dye 

concentration can be seen when his data is matched to ours in Figure 24 and Figure 25 

In a latter section of this report the dye distributions will be remodelled with the aim of taking 

reflection into consideration. 

Though the mixing coefficients are all of the same magnitude, the coefficients in Table 9 differ 

between each other slightly, it was thought to be useful to insert the median mixing coefficients 

of the floodplain and main channel into the spreadsheet, to observe and compare between 

Kay’s calculated distribution and the observed distribution, Figure 31 and Figure 32. The graphs 

of the individual cross-sections can be seen in Appendix C.  

 

Figure 31 - Kay’s calculated distribution when Dy1= 0.00027 and Dy2 = 0.000025 
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Figure 32 - Kay’s Distribution *10+ when mixing coefficients of Dy1 = 2.7x10
-4

 and Dy2 = 2.5x10
-5

 are used, compared against 
the observed distribution, where Dy1 refers to the main channel and Dy2 refers to the floodplain. 

To enable a clearer comparison between the observed distribution and Kay’s distribution using 

the median dispersion coefficients, Figure 33 below compares both graphs side by side.  

 

 

Figure 33 - Comparing the experimental distribution with the calculated values using Kay’s method, when the mixing 
coefficients used for the Kay distribution are Dy1 = 2.7x10

-4
 and Dy2 = 2.5x10

-5
 and the floodplain is on the left and the main 

channel on the right. 

Comparing the experimental results with the calculated results Figure 33, there is very little 

difference in the shape of the distribution. The experimental data has more noise associated with it, 

but this is to be expected due to discrepancies in the equipment and the nature of experimental 
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data. The differences between the two distributions are shown below in Figure 34. As seen 

previously in Figure 30 there are two main peaks within the data, the maximum difference between 

the two distributions is 13 ppb and occurs at cross-section 4.5 m, this value is greater than the 

former value of 9.73 ppb in Figure 30. This is the only significant increase in the differences between 

the distributions.  

Such variation in the concentrations will have minimal affect on the order of magnitude of the 

subsequent mixing coefficients and therefore it is appropriate to approximate all the cross-section 

mixing coefficients to the median value 2.7 x 10-4 m2s-s within the main channel and 2.5 x 10-5 m2s-s 

upon the floodplain.  

 

Figure 34 - The differences between Kay’s concentration distribution and the observed distribution when the mixing 
coefficients use are Dy1 = 2.7x10

-4
 and Dy2 = 2.5x10

-5
 

The original Kay’s spreadsheet was written assuming a channel width of 0.99m, this resulted in 

incomplete dye distributions and did not take reflection into consideration.  

To take account of the reflection of the dye against the wall Kay’s spreadsheet was rewritten, Figure 

35, to incorporate this effect, the dispersion coefficients were recalculated again by matching Kay’s 

graph to the observed graph of the concentration distribution. 
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To mimic the effect of reflection using Kay’s spreadsheet, it was initially assumed that the channel 

was infinitely wide. This allowed the total dye distribution to be calculated irrespective of the 

channel wall. 

The distribution was separated into values of concentration before and beyond the channel 

boundaries. The calculated values that correspond to the dye beyond the wall are equal to the 

amount of dye reflected. Therefore, to model the reflected dye within Kay’s spreadsheet, the values 

of dye concentration calculated beyond the wall, were reflected back onto the dye concentrations 

before the wall with the corresponding values added together, Figure 36. The individual graphs 

incorporating the reflection can be seen in Appendix D. 

 

Figure 35 - Print screen of the modified spreadsheet taking reflection into consideration 
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Figure 36 - Model of the effect of a solid wall on dye, resulting in the dye particles being reflected back into the channel. 

The resulting distributions are shown below in Figure 37, where the observed data is plotted with the 

reflected Kay distribution. The differences between the two graphs have been re-plotted and are 

displayed in Figure 38. 



P a g e  | 76 

 

Figure 37 - The observed concentration distribution compared against Kay’s modelled distribution with reflection of the dye 
taken into consideration. 

 

Figure 38 - The differences between the observed distributions and Kay’s modelled distribution with reflection of the dye 
taken into consideration.  
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The two major peaks in differences still remain in Figure 38, but by taking reflection into 

account within Kay’s spreadsheet, the magnitude of the differences within the second peak, 

(the peak located within the main channel near the wall) is reduced. The maximum difference is 

now 6.5 ppb compared to 9.7 ppb and 13 ppb seen in Figure 30 and Figure 34. This significant 

drop in differences proves that the wall was having an effect on the dye distribution within the 

channel and illustrates that taking reflection into consideration results in a more accurate 

model of the distribution. 

The dispersion coefficients which created this distribution are displayed below in Table 10 

Table 10 - The dispersion coefficients which take into account the reflection of dye particles from the wall 

Longitudinal distance 
from dye injection. 

Dispersion 
Coefficient Main 
Channel (m2s-1) 

Dy1 

Dispersion 
Coefficient 

Floodplain (m2s-1) 

Dy2 

4.5m 1.80x10-04 3.50x10-05 

5.5m 2.70x10-04 1.82x10-05 

6.5m 2.40x10-04 2.00x10-05 

7.5 m 2.30x10-04 2.50x10-05 

8.5 m 2.60x10-04 2.00x10-05 

9.5 m 2.90x10-04 2.40x10-05 

10.5 m 2.64x10-04 5.00x10-05 

Mean Average 2.48x10-04 2.75x10-05 

Median Average 2.54x10-04 2.45x10-05 

 

The dispersion coefficients are smaller than seen previously in Table 9, although not 

significantly smaller as the order of magnitude of the dispersion coefficients for the main 

channel and the floodplain remains constant throughout.  
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A reduction in the main channel mixing coefficient can be explained by the fact that before 

reflection was taken into consideration, the image of the dye distribution, (Figure 22), 

represented the concentrations as more evenly spread across the channel and the gradient of 

the distribution as shallower than was actually the case. By taking the reflection into 

consideration the distribution graph is split into the original distribution and the reflected data. 

The superimposed image of the reflected data and the dye distribution, (Figure 36), results in a 

distribution with increased height at the extremities of the curve, in addition to a reduced 

gradient. These are both associated with well mixed flows and large dispersion coefficients. 

When these factors are accounted for by reflection, it suggests a smaller dispersion coefficient 

is present. 

To validate the use of Kay’s model (Kay 1987) the specific conditions used in the experiment 1, 

within the rectangular channel were inputted into Kay’s spreadsheet and the mixing coefficient 

changed until the predictive graph and the actual graph matched, and example of which can be 

seen in Figure 38. The coefficients found using Kay’s spreadsheet can be seen in Table 11. 

Table 11 - comparing the mixing coefficients of experiment 1, those calculated using the method of moments and those 

found using Kay's analytical model. 

Distance 
downstream (m) 

2.5 4.28 6.03 7.78 Average 

Kay’s Dispersion 
Coefficient (m2s-1)  

2.0x10-5 6.0x10-5 8.0x10-5 8.0x10-5 6.0x10-5 

Calculated Individual 
Dispersion 

Coefficient (m2s-1) 
1.83x10-5 8.21x10-5 9.23x10-5  6.42x10-5 

 

The predicted mixing coefficients are very similar to those observed, whereby both coefficients 

are of the same order of magnitude. The average Kay coefficient was found to be 6.0x10-5 m2s-1, 

compared to the average observed individual coefficient value of 6.42x10-5m2s-1. The close 

proximity of the two values validates the use of Kay’s formula to predict the dispersion 

coefficient when a step is present. The individual graphs can be viewed in Appendix E. 
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Figure 39 - The horizontal dye concentration across the channel at 7.78 m from the injection point, using Kay’s formulas *10+ 
the dispersion coefficient which produces a distribution closest to observed distribution was found. In this case Dy = 8.0 x 10

-5
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laboratory conditions used. Table 12 displays the coefficients and the values required to 

calculate them, as well as the Reynolds numbers and theoretical values of the dispersion 

coefficient. The calculations can be viewed in Appendix F. 
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Table 12 - Displaying the dispersion coefficients and other variables from both experiments. 

 Experiment 1 Experiment 2 

  
Rectangular 
channel floodplain Main channel 

Surface Velocity Us(ms-1)  0.069 0.149 0.241 

Depth Averaged Velocity Ud (ms-1) 0.046 0.099 0.161 

Shear Velocity U* (ms-1) 0.0046 0.010 0.016 

Depth d (m) 0. 10 0.016 0.066 

dU* (m2s-1) 4.60x10-04 1.59x10-04 1.06x10-03 

Dispersion Coefficient Dy (m
2s-1) 8.66x10-05 2.45x10-05 2.54x10-04 

Dimensionless Dispersion Coefficient 0.188 0.153 0.234 

Theoretical Dispersion Coefficient (m2s-1) 6.16x10-05 2.13x10-05 1.42x10-04 

Reynolds No. 
3.03x1003 

Transient 
1.02x1003 

Lamina 
5.12x1003 

Turbulent 
 

A comparison of the dimensionless mixing coefficients calculated within the compound channel 

to those observed within the rectangular channel Table 12, shows how the mixing coefficient 

within the main channel of the compound channel is the highest (Dy = 0.234).  

This suggests that the presence of a discontinuity within the flow increases the mixing within 

the main channel, as predicted.  

This is consistent with previous work done by (Ikeda, et al. 2000) as the step change in the 

height of the channel bed creates eddies along the discontinuity creating more turbulent flow 

and increasing transverse mixing. 

The differential velocities between the floodplain and the main channel encourage shear 

dispersion to take place which further increases the mixing within the channel. 

The high dispersion coefficient in the main channel is consistent with a Reynolds number equal 

to 5120. This Reynolds number suggests the presence of turbulent flow and is the largest 

Reynolds number of all the conditions listed in Table 12. 

The Reynolds number is used to describe the flow and suggests whether turbulent or lamina 

flow is present. Flows with higher Reynolds numbers often display more turbulence within the 
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flow, which increases the mixing within the channel. The equation for calculating the Reynolds 

number can be seen in Equation 2. 

As general guidance the flow is: 

 laminar when Re < 2300  

 transient when 2300 < Re < 4000  

 turbulent when Re > 4000 

According to the dimensionless transverse mixing coefficients within Table 12, the smallest 

amount of horizontal mixing occurs on the floodplain (Dy = 0.153). This is consistent with the 

prediction, as the water on the floodplain is slow flowing and shallow hence the Reynolds 

number of the flood plain is 1020, thus categorising the flow regime as lamina, resulting in low 

mixing characteristics. 

The initial conditions (experiment 1), had a dimensionless dispersion coefficient of 0.188. This 

suggests that the amount of mixing occurring in the rectangular channel lies between those 

seen on the floodplain and within the main channel of experiment 2. Again the Reynolds 

number of 3030 is consistent with this and suggests the existence of transient flow. 

If Figure 22 and Figure 23, showing the horizontal dye distributions of experiment 1 and 2, are 

compared, there is a clear skew present in the data collected within the compound channel 

(experiment 2) compared to the relatively Gaussian distributions recorded within the 

rectangular channel (experiment 1). 

This is due to the uniform mixing coefficient which occurs across the entire width of the 

rectangular channel, compared to the compound channel where there is an order of magnitude 

difference between both mixing regions. 

More is now known on how a pollutant mixes within the presence of a step change, this can be 

related to flood situations where a pollutant may have contaminated the flow. With further 

research this may be used to predict pollutant transport in flood situations.  
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5.6.3 Conclusion 

An experiment was conducted into the effect of a step discontinuity on the horizontal mixing 

within a channel.  

It was found that, for both the rectangular and compound channel, the dye became more 

horizontally mixed the further from the injection point cross-sections were taken.  

Within the compound channel, less mixing occurred on the floodplain than within the main 

channel producing skewed distribution plots. It was also noted that the velocity on the 

floodplain was 1.5 times smaller than the velocity within the main channel.  

By using Kay’s analytical model (Kay 1987) in a spreadsheet it was possible to fit dispersion 

coefficients to the curves of the observed distributions: 

- Dy Floodplain = 2.5 x 10-5 m2s-1, 

- Dy main channel = 2.7 x 10-4 m2s-s 

 

The reflection of the dye from the wall was influencing the dye distribution. This effect was 

incorporated into to the spreadsheet and the dispersion coefficients recalculated taking this 

into consideration, where: 

- Dy Floodplain = 2.45 x 10-5 m2s-1 

- Dy main channel = 2.54 x 10-4 m2s-s 

 

The presence of a step change increased the mixing within the main channel of the compound 

channel (Dimensionless Dy Main channel = 0.234), compared to the rectangular channel 

(Dimensionless Dy Rectangular channel = 0.188). This was due to eddies and turbulent flow caused by 

the step change in bed height.  

The experimental set up had a floodplain to main channel depth ratio of 0.24, this value was 

within the maximum range for creating eddies and shear flow effects, Knight & Shiono [2]. The 

eddies and shear flow increased the horizontal mixing within the channel, explaining the 

greater mixing within the main channel compared to that of the rectangular channel.  

These findings were consistent with the predictions made within the report. 
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The step discontinuity causes a lower horizontal mixing coefficient on the floodplain compared 

to that of the main channel, this indicates that it will take longer for pollutants to travel inland 

and only a small strip of land adjacent to the river will be affected by the pollutant initially. It 

suggests that the longitudinal dispersion coefficient is larger having a greater effect on the 

pollutant, as the relationship between the coefficients is inversely proportional. 
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5.7 Investigation 2  

The injection point was moved 0.313m onto the floodplain (y0=0.313m) and the experimental 

procedure for experiment 3 followed for the no gravel condition. Hence, the roughness of the 

channel was 0.0246. This experimental set up was used to assess the effects of vegetation on 

the floodplain with results being collected for a smooth floodplain and secondly for a floodplain 

covered in 10mm gravel. The injection was assumed to be far enough away from the main 

channel for its effects to be negated, hence allowing the floodplain to be considered as a 

rectangular channel and a separate mixing region (Spence and Guymer 2009). 

5.7.1 Experiment 3 - Observations  

For the smooth floodplain (roughness, n =0.0246), it was observed that the solute tracer plume 

tended towards the main channel at an increasing amount with longitudinal distance 

downstream. Such behaviour of the flow could be explained with differential velocities 

originating in the main channel and on the floodplain (highlighted with PIV analysis). However; 

this would serve to invalidate the assumption that the floodplain can be treated as a separate 

mixing region. Furthermore from visual inspection alone, it was apparent that the dye became 

better mixed with distance downstream as the tracer was becoming more diluted.  

5.7.2 Experiment 4 - Observations  

10mm graded gravel was thereafter added to the floodplain in order to simulate a quantifiable 

increase in vegetation, presenting an increased roughness of 0.0702. The previously detailed 

experimental procedure was followed. Lines of gravel had to be removed from the floodplain at 

positions where the Cyclops was to sample, in order to allow a 5mm distance from the 

floodplain bed to be maintained. It was visually evident from the injection of dye that the gravel 

had slowed the flow velocities on the floodplain, behaviour that is further substantiated with 

PIV analysis discussed in the analysis section. Moreover, it was observed that the solute tracer 

plume remained more central on the floodplain than was the case with the no gravel condition 

with longitudinal distance downstream. This could be accounted for by random variations in the 

10mm graded gravel acting to level the floodplain’s transverse discrepancies (section 4.5 of the 
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technical report). In addition, this could be due to the effective retention of the solute tracer by 

the simulated vegetation, serving to trap it on the floodplain.  

All data was collated directly using the aforementioned Labview software and exported into 

Microsoft Excel ready for further analysis. In addition to the manually collected concentration 

data, the automatic SCUFA sampler was simultaneously started with the tracer injection, thus 

giving a temporal background concentration throughout the investigation.  
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5.7.3 Analysis and discussion  

Due to the temporal increase in solute concentration in the channel over the course of 

experiment, the SCUFA data, recorded to take account for such a temporal build up, was hence 

removed from the results, as seen previously in experiment 1. Due to the constant injection 

into a re-circulating system, the raw data needs to undergo processing to remove the 

background concentrations. This serves to make all the distribution curves relative to the line of 

zero concentration. To justify this, the average background concentrations were taken either 

side of the tracer plume and a temporal background increase determined.  

The removal of the distribution tails, necessary to ensure only the tracer plume data is 

presented, was conducted in the same way as previously discussed for investigation 1. Again 

the concentration values that fell below 0.5% of the peak were discounted as background data.  

The resulting plots for the investigated conditions, “no gravel” (experiment 3) and “gravel” 

(experiment 4), are presented in Figure 40 and Figure 43  respectively.  

Figure 40 shows how the centroid of each curve, recorded in experiment 3, appears to move 

towards the main channel with distance downstream. As mentioned previously, vast 

differences in velocities could act to draw the tracer into the main channel where the velocity is 

higher. This is furthered with the corresponding PIV analysis presented in Figure 41.  

The PIV shows how the flow in the main channel is more than one and a half times larger than 

that of the over-bank flow, where the average main channel and floodplain velocities are 

0.24ms-1 and 0.15ms-1 respectively, the plots of which can be seen in Figure 42. 
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Figure 40 - Concentration data for "no gravel" conditions 
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Transverse Distance, y (m) 

Longitudinal Distance, 

x (m) 

Figure 41 - Velocity vector plot showing the difference in velocity magnitudes for the over-bank (y<0.3) 
and the main channel (y>0.3) for “no gravel” 
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Figure 42 - Three plots showing the floodplain profile and water depth, 
corresponding velocities and Reynolds numbers for No- gravel conditions. 
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Such velocity values are similar to those predicted by Ikeda et al (2000) in Table 3, for the 

established flow conditions. This velocity data may suggest a higher rate of mixing as the solute 

moves closer to the main channel, resulting from intense vortices above the floodplain step 

(Spence and Guymer 2009). This is justified further with a relative depth ratio of 0.24 between 

the floodplain and the main channel bed, a value at which maximum eddy interactions are 

suggested to occur (Knight and Shiono, River channel and Floodplain Hydraulics 1996). In open 

channel hydraulics, flow is said to become turbulent when Reynolds number, Re > 4000 (Mott 

2006). The Reynolds plot in Figure 44 demonstrates how the flow becomes more turbulent as it 

gets closer to the main channel. The apparent Laminar flow (Re< 2300) presented on the 

floodplain would promote lower mixing characteristics than that of the increase turbulence 

seen in the main channel. 

The transverse floodplain profile has been mapped out with some 14 measurements taken at 

50mm intervals at various downstream measurement sections and is plotted in Section 4.8.2 of 

the technical report. The slight increase in floodplain height towards the main channel, 

resulting from inaccuracies in concrete laying, would serve to trap pollutant onto the 

floodplain, hence, the fact that the centroids of the distributions tend towards the main 

channel regardless, further confirms and highlights the effects of differential velocities. This 

may invalidate the assumptions that the floodplain can be treated as a separate mixing region, 

an assumption that was made by Spence and Guymer (2009). 

Conversely, the concentration data for the simulated vegetation (experiment 4), presented in 

Figure 43, demonstrates how the distributions exhibit a somewhat more central flow on the 

floodplain, compared to the gravel-less condition (experiment 3). The movement of the 

centroid towards the main channel may have been alleviated due to the significantly slower 

over-bank flow velocities that were apparent with the added vegetation. The PIV analysis for 

the “gravel” condition shows how the velocity dropped to 0.077ms-1, almost half of that 

detailed previously and can be seen in Figure 44 and Figure 45. 



P a g e  | 91 

 
Figure 43 - Concentration data for "gravel" conditions 
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Transverse Distance, y (m) 

Longitudinal Distance, 

y (m) 

Figure 44 - Velocity vector plot showing the difference in velocity magnitudes for the over-bank (y<0.3) 
and the main channel (y>0.3) for “gravel”. 
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Figure 46 gives a comparison of flow velocities for the experiment 3 and 4.  

Figure 45 – Three plots showing the floodplain profile and water depth, 
corresponding velocities and Reynolds numbers for gravel conditions. 
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Figure 46 - A comparison of recorded velocities for experiment 3 and 4 

The decay of the concentration distributions confirms the predictions made earlier in 

the report that concentration plots will become shallower and wider at increased 

distance downstream and furthermore, that the gravel conditions exaggerate this 

effect. This is consistent with the increased mixing seen in experiment 4, (Figure 43). 

During the “gravel” conditions the peak concentration at 10.5m downstream of the 

injection, is approximately 25% of the peak concentration at 4.5m. This differs from 

the lower mixing characteristics displayed in Figure 40 (no gravel, experiment 3), 

where the peak concentration at 10.5m downstream of the injection is 

approximately 44% of the peak at 4.5m.  

Enhanced mixing characteristics, as seen in experiment 4, can be accounted for by an 

increase in dead zones and trapping mechanisms that occur in vegetated flow 

conditions. Both actions serve to slow the flow of the dye downstream and provide 

an increased opportunity for transverse dispersion. The plot of the Reynolds 



P a g e  | 95 

 

numbers for vegetated conditions, as seen in Figure 45, shows how the subsequent 

turbulence in the main channel is almost double that of the smooth condition.  

The necessary rise in main channel flow velocity, due to the decreased over-bank 

flow velocity, can account for this increase in turbulence and further mixing effects. 

These effects explain the wider base of the distributions seen in Figure 43 compared 

to that of Figure 40.The existence of dye concentrations in the main channel (where 

the transverse distance y> 0.625 m) seen in Figure 43, further substantiates this 

point. 

Moreover, this means that the assumption made by Spence and Guymer (2009) that 

the floodplain acts as a separate mixing region, may also not hold true for this case, 

with effects of the main channel on the variance of the distributions requiring 

consideration.  

V.T.Chow states how decreased water level serves to amplify the effects of a 

roughness, n with “effects becoming pronounced when irregularities are exposed.” 

(Chow 1959) The 10mm graded gravel subsequently decreased over-bank water 

depth, with irregularities in the size of the gravel occasionally causing the gravel to 

be exposed.  This would hence give rise to enhanced mixing characteristics. 
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5.7.4 Mixing Coefficients 

In order to calculate the corresponding mixing coefficients for both the “non gravel” 

and “gravel” conditions (experiment 3 and 4), the previously mentioned method of 

moments was used. Spence and Guymer considered their distributions to be too 

skewed for this procedure and therefore, reflected the data about the central peak 

giving Gaussian plots. This was an action taken to simulate the mixing coefficients at 

a great distance on to the floodplain therefore neglecting the effects of the main 

channel (Spence and Guymer 2009). For the investigation however, the average 

skewness of the plots being 0.89 is close enough to zero to be negligible and hence 

the distributions are assumed to be Gaussian.  

The variances were calculated and plotted against downstream distance to give the 

following relationships. (Figure 47 and Figure 48) 

 

Figure 47 -Variance for concentration distributions with distance downstream for “no gravel” 
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Both Figure 47 and Figure 48 present a linear relationship between variance and 

longitudinal distance downstream. This is consistent with the prediction and 

assumption that the concentration plots are indeed Gaussian.  

Figure 48 shows that although distributions from 7.5m downstream and onwards 

have entered into the main channel, as discussed in the previous section for the 

gravel conditions, the increase in variance remains linear. This can be accounted for 

by the aforementioned transverse discontinuities in floodplain level, which 

ultimately served to reduce the entire impact of the differential velocities drawing 

dye into the main channel. The effect would have been more significant had the 

floodplain profile been level, however, the fact that such an effect occurred 

highlights the impact of the main channel on floodplain mixing.  

The subsequent mixing coefficients were calculated from the transverse mixing 

equation, Equation 9 where the longitudinal velocity, u, was calculated from the 

previously detailed PIV analysis. Hence, the following tables present the 

corresponding mixing coefficients.  

  

Figure 48 - Variance for concentration distributions with distance downstream for “gravel” 
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Table 13 - Table showing the mixing coefficients for "no gravel" and “gravel” conditions  

Conditions Average Flood Plain 

Velocity, (ms-1) 

Variance with distance 

, (m) 

Average Mixing 

Coefficient, (m2s-1) 

No Gravel (exp 

3) 
0.149 3.83E-04 3.26E-05 

Gravel (exp 4) 0.077 2.02E-04 7.78E-05 

 

Table 13 shows how the mixing coefficient associated with the simulated vegetation 

(experiment 4) is more than twice that of the smooth channel (experiment 3). 

The higher value of the mixing coefficient seen for the gravel conditions is consistent 

with the mixing characteristics observed and analysed above. It holds true that the 

higher mixing coefficient corresponds to a faster rate of reduction in the peak 

concentration at downstream locations, evident in the comparison of Figure 40 and 

Figure 43. Such difference in values for the un-vegetated and vegetated conditions 

validates the prediction.  

The increase in roughness by a factor of 2.8 gave rise to an increase in mixing 

coefficient of 2.4 times. These values are of a similar magnitude and may suggest a 

proportional relationship between roughness and mixing coefficient, the nature of 

which could be investigated with further work.  
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To check for continuity in the plotted data, the flux at the recorded cross-sections 

was compared. To ensure the conservation of mass of the injected dye, the flux for 

all the measurement sections should be the same or of a similar value. Table 14 and 

Table 15 present the results and apparent similarities for both the tested conditions.  

Table 14 - Table showing flux "no gravel" 

Distance downstream 

(m) Flux  (m3/s) 

4.5 0.2 

5.5 0.2 

6.5 0.3 

7.5 0.3 

8.5 0.3 

9.5 0.3 

10.5 0.3 

 

Table 15 - Table showing flux for "gravel" 

Distance downstream 

(m) Flux  (m3/s) 

4.5 0.08 

5.5 0.1 

6.5 0.08 

7.5 0.08 

8.5 0.08 

9.5 0.07 

10.5 0.07 
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5.7.5 Conclusion  

A study was conducted into the effect that vegetation has on the transverse 

dispersion characteristics of a floodplain. 2D Spatial distributions of concentration at 

various sites downstream of a constant head, injection, positioned in the centre of 

the floodplain, were obtained for both smooth and vegetated conditions.  

Comparable transverse dispersion coefficients were calculated for both conditions 

via the application of the distribution of moments method. The collected data has 

been compared with that of Spence and Guymer (2009), with verifications and 

justifications derived from other sources. (i.e. (Chow 1959), (Kay 1987), (Knight and 

Shiono, River channel and Floodplain Hydraulics 1996), (Ikeda, et al. 2000)) 

The collected data showed that the coefficient for transverse mixing increases with 

vegetation, allowing a pollutant to become relatively more well mixed than would be 

experienced on a smooth bed. The corresponding mixing coefficients were found to 

be 3.26x10-05 m2s-1 and 7.78 x10-05 m2s-1 for the smooth channel and vegetated 

respectively. It can be seen that an increase in Manning’s roughness, n, from 0.0246 

to 0.0706 gave rise to an almost two and a half times increase in mixing coefficient.  

Such findings are consistent with the prediction.  

It was concluded that this rise was due to increased trapping mechanisms, dead 

zones and hence a lower flow velocity, exaggerated with a decrease in effective 

water level thus increasing the effects of the vegetation. Furthermore it was decided 

that a floodplain can only be considered as a separate mixing region (as is seen in 

(Laboratory study of transverse solute mixing during in-bank and over-bank flows 

2009)), if the distribution is far enough away from the main channel for its effects to 

be neglected. This is not the case for distributions further than 7.5m downstream for 

the gravel condition (experiment 4) and the main channel effects must be noted. 

However, provided the majority of the distribution is on the floodplain and Gaussian, 

the effects of the main channel may be negligible. The variance must be examined to 

ensure linearity with downstream distance.  
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Whilst the majority of findings agree with the stated predictions, it was discovered 

that the main channel flow can affect the floodplain behaviour, thus invalidating the 

earlier assumption that the floodplain will act as a separate mixing region. 

 

An increase in roughness would enhance the horizontal mixing characteristics 

causing pollutant to spread further onto a floodplain. The pollutant would however 

become relatively more well mixed within a set distance downstream than would be 

seen with a lower manning’s roughness. 

 

5.8 Experimental improvements 

The following is a list of potential improvements that could be made to the 

experimental procedure, set up equipment used: 

 Longer sampling periods could have been used to reduce potential 

inaccuracies with the collected Cyclops data.  

  Each cross-section could be repeated as a means of demonstrating the 

data’s repeatability.   

 More cross-sections could have been sampled to further validate the 

predicted responses. 

 More data points could be collected across the channel to provide a more 

accurate representation of the concentration distributions.  

 A wider channel would have prevented the reflection of dye, as 

experienced, and hence provided a clearer point at which each 

distribution started and ended.   

 More gravel could have been used and glued down to prevent its 

movement and migration into the main channel.  

 More flow conditions could have been investigated stemming from a 

variation of discharge supplied to the flume.  
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 Dye extraction could have been used as opposed to the Cyclops probes as 

a means of increasing the accuracy and possible repeatability of collected 

dye sample. An extraction technique would alleviate the impact of a non-

sufficiently well mixed sampled when collecting concentration values.  

 The length of the concrete bed slope could be increased to prevent the 

sharp edge of the concrete creating turbulence within the channel. The 

affect of the edge meant that the first 3 m of the flume could not be used, 

as turbulence and waves created by the step affected the dye plume and 

the Cyclops readings.  

 To reduce the initial turbulence, the water could have been passed 

through a barrier of parallel straws, creating lamina stream tubes 

reducing turbulence. This is how smooth water is created within certain 

fountains and water displays. 

5.9 Further work 

The research conducted has great scope for further work, allowing a more in depth 

investigation of the mixing characteristics within a compound channel. The following 

are possible experimental developments: 

5.9.1 General  

 A trapezoidal cross-section could be investigated as opposed to a step change 

to see how results compare.  

 Various open channel flow conditions could be investigated, i.e. look at non- uniform 

flow conditions such as steep, rapidly varying flow and turbulent flows, with 

comparison in mixing behaviour established.  

 Changes in the location and direction of the dye injection point could be 

examines as a means of simulating a pipe releasing into a river under 

different conditions.  

5.9.2 Investigation 1 

 The data collected by Spence and Guymer (2009) could be used in conjunction with 

Kay’s spreadsheet model as a further validation for Kay’s analytical solution. 
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 The accuracy of Kay’s solution (1987) can be compared to the Generalised Method 

of Moment procedure suggested by Holley, Siemons and Abraham (Some aspects of 

analysing transverse diffusion in rivers 1972), when calculating mixing coefficients 

for a compound channel. 

 Further investigation could be done into the height ratios between the floodplain 

and the main channel, with additional comparisons made to the expected velocities 

stated by Ikeda et al (2000). This investigation would also allow for the effects of 

eddies to be quantified and compared to the work of Knight and Shiono (1996). 

 To further the understanding of pollutant dispersion onto the floodplain within a 

compound channel, an investigation into the longitudinal mixing could be conducted 

to confirm whether it has a greater effect on the dispersion than the transverse 

mixing coefficient. 

5.9.3 Investigation 2 

 The dye injection point could be moved further way from main channel as a 

validations of Spence and Guymer’s work (2009) suggesting that the floodplain can 

be treated as a separate mixing region.  

 A greater variation of roughness’s could be investigated to allow for the 

determination of a quantifiable relationship between Manning’s roughness values 

and the subsequent mixing coefficients. The increase in roughness by a factor of 2.8 

gave rise to a 2.4 times increase in mixing coefficient. These values are of a similar 

magnitude and may suggest a proportional relationship between roughness and 

mixing coefficient, the nature of which could be investigated with further work.  

 Combining both investigations to discover the collective effect of a discontinuity and 

vegetation on pollutant flow, is a logical further step, which would relate the 

research to more realistic situations. 
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6 Website 

6.1 Introduction 

As part of this research project, a prototype website called FlowMotion was created 

to provide students at the University of Warwick with additional educational and 

learning tools to help them with their degrees. It also allows companies to advertise 

their business and increase their visibility to prospective employees. FlowMotion 

intends to link resources already available on the internet and be a central database 

of cited information by providing a single portal for these resources. It aims to 

become a useful tool for students not just in engineering, but other degree areas 

such as mathematics and physics.  In its completed form, it will contain: 

Research Projects Student projects, such as this one, conducted at the university 

provide new insight into different fields but are often “shelved” after 

completion. Projects will be uploaded to the website allowing other 

students to benefit from the research.  

 

Professional Papers A database of published articles and journals. 

 

Learning Resources 

 

 

Company Profiles 

Online courses providing interactive learning aids including quizzes, 

diagrams, videos and podcasts for university level students. 

 

Provide companies with webspace to advertise their organisations 

and attract prospective employees. 

 

In its initial stage, the website will focus on providing resources on water and flow 

research relating to civil engineering. These resources will primarily include articles 

and online modules such as River Mixing, based on courses taught at the University 

of Warwick. FlowMotion will also provide insight into several research projects 
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conducted by members of this team in other civil and mechanical engineering fields, 

to provide an example of what the website will look like in its completed form.  

More projects, articles and learning tools relating to fluid dynamics will be added as 

the website is expanded before adding resources relating to other engineering fields. 

If interest grows, other degree subjects will be included and the possibility of making 

these resources available to students outside of the university will be investigated.   

6.2 Why FlowMotion? 

There are currently a few educational resources that provide similar elements as 

FlowMotion available on the internet. The resources available are shown below:  

MIT Open CourseWare Free lecture notes and tests from the Massachusetts Institute of 

Technology. 

 

YouTube Edu Provides videos of lectures and experiments. 

 

Apple Education Institutes using Apple applications can upload multimedia content 

to ITunes. 

 

Scientific Databases Databases such as CSA or Web of Knowledge provide scientific 

articles and journals.  

 

Web Articles Various websites relating to fluid dynamics found via search 

engines.  

 

These resources can provide useful insight into subjects of interest; however there 

are a number of reasons which limits their usefulness: 
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 Each resource only provides one or two methods of obtaining information (e.g. 

lecture notes or videos). There is currently no resource which encompasses every 

learning method, unlike FlowMotion. 

 

 None of these learning channels are specifically related to fluid dynamics meaning 

information on the subject is sparse, especially when related to Civil Engineering 

applications. As a result, extensive searching is required through a number of these 

learning channels which is time consuming. Therefore, obtaining all relevant 

information on the interest subject cannot be guaranteed.   

 

 Information obtained from some web sources may not be cited and could be 

inaccurate. 

 

 Some sources, such as Apple Education, are only available to students and staff from 

particular universities who have subscribed to those services.  

These reasons suggest that there is potential for a new innovative website which 

aids the flow of various types of information relating to engineering subjects and 

other degree areas. For further investigation, an anonymous survey was uploaded 

onto the FlowMotion website and a link sent to a number of third year and Masters 

level Engineering students from the University of Warwick. This was done to 

establish the amount of interest in an educational website such as FlowMotion and 

also determine the type of features that this website should exhibit. 42 students 

replied to the survey, which can be found in Appendix S or at 

http://www2.warwick.ac.uk/fac/sci/eng/meng/flowmotion/studentsurvey/. It was 

found that a remarkable 98% of students rely either heavily or very heavily on the 

internet to aid their studies. 87% of students would find a website which contained 

online courses and learning material related to their degree very helpful. 72% also 

said they would complement the website with research of their own if possible. 

These findings not only reinforce the need of an educational website, but give insight 

into its potential growth. 

http://www2.warwick.ac.uk/
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6.2.1 University Request 

In addition to the student appeal, the head of Civil Engineering at the University of 

Warwick, Professor Ian Guymer, had also expressed an interest in this project. He 

requested additional learning material to become available to aid his teaching and 

better student understanding in fluid related courses. This was the main driving 

factor to include the River Mixing course as the first online module.  

6.2.2 Increasing Knowledge areas 

There is a growing need for graduate engineers to have knowledge in certain fields 

such as fluid dynamics in civil engineering based applications, but often these 

specialist subjects are not emphasised in university degrees. It was highlighted in the 

December 2009 issue of New Civil Engineer that not enough students are receiving 

efficient teaching in certain subject areas such as civil fluid dynamics. As a result, 

engineers are often “thrown in the deep end” when they graduate. This not only 

forces companies to spend extra money on training their graduates, but also forces 

graduates to undergo a steep and stressful learning curve, which has a detrimental 

effect on their quality of work. FlowMotion can provide learning resources into 

specialist subjects required by modern day engineers to help increase student 

proficiency in these fields.   

6.2.3 Other Options Considered 

Other ideas such as producing engineering products or other forms of educational 

tools were also taken into account before being disregarded. A documentary to be 

made for the Environment Agency detailing the effects of pollution during over-bank 

flow conditions was considered. This would have been used as a learning tool as well 

as to raise public awareness of the dangers these effects. However, this was not 

feasible as preliminary research showed there are stringent requirements for 

material to be associated with the Environment Agency, which could not be met. 

Creating software based on experimental findings and analytical solutions to predict 

over-bank flow pollutant mixing was also considered. Such software would provide a 

useful prediction tool, however producing a model based on this research was not 
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practical. Rivers exhibit numerous variables beyond the scope of this project (e.g. 

meanders, flow speed, irregular vegetation, flow obstacles and river dimensions) 

which would undermine the accuracy of the software. There are also a number of 

professional prediction tools available used for only specialist applications resulting 

in high competition and difficult market penetration.  

6.3 Finance 

In order to help fund FlowMotion, it was decided that obtaining sponsorship from 

companies operating in the engineering sector would be the best source of finance. 

In particular, companies actively hiring graduates would be pursued. These 

organisations are allowed to advertise themselves on dedicated webspace on 

FlowMotion in exchange for a sponsorship fee. With the recession coming to an end 

and the economy improving, companies are now experiencing a higher work load 

and need to employ more staff, including graduates. Website advertising will help to 

draw a large number of new applicants.  

A source of finance can also be sought from other websites. Due to the legality of 

uploading certain articles without the author’s permission, links to these articles 

would have to be provided instead. Therefore, income would also be sourced 

through partnership with subscription based research websites which provide these 

professional papers for a fee. More information can be found in section 6.6.5 of this 

report.  Full details of company subscriptions, forecasts, website subscriptions and 

financial data can be found in the Business, Financial and Management Report. 

6.4 Other Financial Options 

6.4.1 University Subscriptions 

Depending on interest, it may have been feasible to create a university subscription 

based website. Material would only be available to institutions that paid a 

subscription fee to access FlowMotion. The subscription would have been available 

to institutes that would use the website as part of their teaching curriculum. It had 

been established that there was an interest for an educational website at student 

level, but another investigation was conducted to establish whether institutes as a 
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whole would be interested in using FlowMotion as a teaching aid in their courses. As 

the website would initially contain a River Mixing course, an enquiry was made to 

the university teaching a similar module to investigate a possible partnership – 

Sheffield University. 

Unfortunately Sheffield University did not exhibit considerable interest at this 

current stage. The university stated that their course was tailor made and that an 

online River Mixing course not specific to their own course would not warrant a 

subscription. However they showed interest into the idea of FlowMotion and 

requested further contact when the website is fully operational. It is possible this 

option will be reconsidered in the future as a source of income.  

6.4.2 Student Subscriptions 

Investigations were also carried out into student subscriptions. As part of the survey 

described in section 6.2, students were asked if they would be willing to pay a 

subscription fee for access to FlowMotion and how much. Out of the 42 responses, 

60% said they were willing to pay up to £5 per month if it would significantly aid 

their studies. This financial data was compared to the option of allowing companies 

to purchase advertising space on the website. Despite the relatively high interest of 

students, it can be seen from the financial report that company sponsorship provides 

a higher source of income. Providing both company sponsorship and student 

subscriptions was considered. However it was deemed that operating both options 

would have caused conflict. Companies would be less likely to purchase advertising 

space if views were restricted by required subscriptions. As a result, company 

sponsorship was solely pursued.  

6.4.3 Company Headhunting 

Uploading student projects not only helps other students with their degree, but can 

potentially provide companies with the opportunity to headhunt high calibre 

students. The option of allowing companies who are impressed by project work to 

view student details, such as CVs and university grades, for a fee was considered. 

Allowing companies to view project work and information on students such as 
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university grades gives organisations a unique insight into high calibre students. 

Companies could use this information to fill specialist graduate positions with 

students with knowledge relating to that area. However the economic climate has 

resulted in a record number of applicants for job vacancies, meaning companies are 

less likely to actively search for students.   

6.5 Developing FlowMotion 

Research was conducted into the different methods of creating a webpage and 

several techniques were explored. These techniques were: 

 Using programming languages: HTML, PHP and CSS. 

 Hiring a website designer. 

 Using an online website builder: WordPress or SiteBuilder2. 

 Purchasing an offline website development application: Adobe Dreamweaver or 

Microsoft Publisher. 

Unfortunately at the beginning of the project, the group had no experience of 

developing a website which ruled out purely using programming languages. 

Although this is arguably the best method to create an inventive website, time 

restrictions meant it would not have been feasible to learn a programming language 

in conjunction to conducting research experiments. Hiring a website designer was 

also discarded due to cost. Website designer services are expensive and can be in 

the region of thousands of pounds. Several website designers, including Edge of the 

Web (a local business) were approached with quotes ranging from £700 - £2200, 

which would have put the project over budget. Web publishing services offered by 

the University of Warwick were also explored. The university IT services offer a rate 

of £50 hour for website graphic design, with other rates such as accessibility review 

or flash image creation, being considerably higher. To employ these services to 

create a website from the very beginning at the offered rates would have been 

unfeasible. 

This left the option of using graphical interface software to create FlowMotion. It 

was decided to use SiteBuilder2, an online web-building application provided by the 

University Of Warwick. It provides an easy method of uploading all the information 
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to a webpage hosted by the university. This would allow more time for group 

members to construct the water flume and conduct experiments. SiteBuilder2 also 

allows easy maintenance of the website as the university staff are trained in using 

the application. It also meant that the university IT services could be employed in the 

future to help expand and upgrade the website. Their expertise could be used to 

enhance the user experience and develop a more innovative website. Using other 

software such as Adobe Dreamweaver would allow a more pioneering website to be 

created, but would require more training to use the software, for both development 

and maintenance. However there is a slight drawback to using SiteBuilder2, which is 

discussed in the next sub chapter.  

6.5.1 Website Hosting 

Having decided to use SiteBuilder2 to create the website, it meant FlowMotion 

would have to be hosted through the university website. This is because the 

application is only available through the university. As a result, the website cannot 

be hosted on its own domain, e.g. www.flowmotion.org. If the website were to be 

moved to a new domain for future expansion, the material hosted on the university 

website cannot be exported to this domain. However, a link can be created from an 

external domain to the university FlowMotion webpage negating this limitation. 

Whilst using the university has this drawback, it does help reduce the cost of the 

project as there is no need to purchase a domain or pay fees to host the website.  

Creating a website without hosting or purchasing a domain was also considered – i.e. 

saving the necessary files on a CD or hard drive. Once a domain name and hosting 

services were purchased, the website could then immediately be uploaded. However 

this option would require an off-line website builder such as Adobe Dreamweaver 

and not SiteBuilder2. Due to the training requirements of using an offline website 

builder, as discussed, this option was disregarded.   

6.5.2 Content Research 

Whilst research was being carried out into creating the website, an investigation was 

conducted into the content and design of the website. One of the main aims of 
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FlowMotion is to provide online courses, starting with a River Mixing course taught 

at the University of Warwick. In addition, the aim is to make these courses as 

interactive and user friendly as possible. The survey discussed in section 6.2 also 

contained a number of questions specifically for students who studied the River 

Mixing course to determine positive aspects of the course and areas where it could 

be improved. The survey was additionally sent out to previous students who had 

taken the course to obtain their opinions. The survey can be found in Appendix S or 

at http://www2.warwick.ac.uk/fac/sci/eng/meng/flowmotion/studentsurvey/. 14 

students responded specifically to these questions. It was found that 60% of 

students found the course either quite difficult or too difficult whilst 34% said the 

difficulty was adequate as can be seen in Figure 49. Even though 40% of students 

found the difficulty reasonable to easy, 94% would still like to have access to 

additional online River Mixing material to aid their studies. In particular, these 

students prefer visual and practical demonstrations to better their understanding. 

These results are shown in Figure 50. 

 

Figure 49 – River Mixing Difficulty  
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Figure 50 - Learning Tools 

The results of this survey provided insight into the type of tools students find useful 

to learn from. Analysis of these results indicated that the website should focus on 

providing video demonstrations and interactive tools which classic learning tools 

such as textbooks cannot provide.  

6.6 Current Website Structure 

When designing the overall layout of any website, there are certain rules of thumb 

that should be applied to enhance the usability and website interface. These rules 

include: 

 Easy to read. 

 Easy to navigate. 

 Easy to find. 

 Consistent design and page layout. 

In addition to these rules of thumb, the responses from the student surveys 

(appendix T) were analysed further to provide insight into the design structure. 

Figure 51 shows the basic website layout for FlowMotion. 
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Figure 51 - FlowMotion Structure 

 

The website is split into three tiers: 

6.6.1 Homepage 

 

Figure 52 - FlowMotion Homepage Screenshot 

The homepage provides an introduction into FlowMotion, detailing the purpose of 

the site. It presents an overview of what information is available for download. This 
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page guides users to the information they need, by displaying the main sections (e.g. 

projects or articles) through a series of links in the middle, and on the side of the 

page. The links to these sections in the middle of the page offer the user further 

guidance by providing a brief description of what each main section (such as projects 

or articles) has to offer, as seen in Figure 52.  

The homepage also contains a number of dynamic elements for the user to view. A 

dynamic webpage allows information to be continually changed as the user views it. 

In this case, a new interesting fact about fluid dynamics will be displayed in the 

bottom right hand corner of the page which is updated daily. If users find this topic 

of interest, they can easily navigate their way to additional information, simply by 

clicking the link. Other dynamic content includes a mini feed on the right of the page 

displaying new projects and articles which are also updated daily. Clicking the link 

guides the user to a new page dedicated to that article or project which displays the 

information. There is also a moving slideshow displaying images related to 

engineering to make the homepage more animated.  

The bottom of the page displays logos of companies who have purchased advertising 

space. Each logo links to a specific company profile page. More information about 

company profiles can be found in section 6.6.8. 

6.6.2 Main Sections 

As can be seen from Figure 51, the main sections of the website are: 

 Professional Papers 

 Projects 

 Learning Tools 

 FAQs 

 About Us 

 Company Profiles 

These categories are further broken down into smaller sub sections to aid 

navigation. 
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6.6.3 Projects – Main Page + Sub-Sections  

This page displays projects produced by students during their third or Masters year 

of their degree. The top of the page contains a brief explanation of the page 

informing the user of the kind of information they can find in this section. Below this 

paragraph is a news feed which exhibits new projects added to the website. The user 

can click on the projects within the news feed to obtain an abstract, still keeping 

them in the project page. If the project is of interest, the user can then follow an 

additional link to dedicated page for that project which contains the information.  

At the bottom of the page is a list of categories which the projects are divided into. 

At this beginning stage, FlowMotion will only contain projects conducted by 

members of the FlowMotion team in Civil and Mechanical fields. More categories 

will be added (such as Chemical or Manufacturing) as the website is expanded. Once 

a category link is clicked, an alphabetised list appears of projects within that field.   

Below the category links on the main projects page is a search bar allowing the user 

to search for projects regardless of the category it is organised in. This function 

searches for words in the title of the project or tags which have been inserted by the 

web designer. Tags could include the field of the project (e.g. Geotechnical), author 

names and other key words specifically related to that project to help the user 

obtain the information they want.    

6.6.4 Example Project Page 

Using the search function or navigation through the category links, the user will find 

a project which interests them. Each project page will have different sections 

depending on the nature of the project, but each have a similar front page. The page 

will start with an executive summary of the project, providing the user with all the 

critical information for them to determine whether the project is relevant to them.   

The right hand side bar of the front page provides another opportunity for 

companies to purchase advertising space. This will display a company logo as well as 

general information about the company. This content will change from company to 

company depending on the type of information the organisation wishes to advertise. 
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This advertisement will be generated at random, meaning a company’s logo could be 

displayed on any project front page. Links will be available to the company’s website 

or to the company profile located on FlowMotion. More information can be found in 

section 6.6.8. 

The front page also contains information of the team who conducted the project and 

background information is displayed about each team member.  

The remaining pages for the project will depend on the project itself but will typically 

include: 

 Introduction 

 Background Theory 

 Experiment Method 

 Results & Analysis 

 Conclusions & Recommendations 

Where each of these sections will display the relevant information. 
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6.6.5 Professional Papers 

 

Figure 53 - Screenshot of the professional papers page 

The professional papers section will have a similar layout to the previous section but 

instead of projects will contain articles. The front page will contain an introduction to 

the section providing insight into what sort of information can be found. Again there 

will be a newsfeed displaying new articles added to FlowMotion as well a list of 

subjects (e.g. Automotive Engineering) to break down the professional papers 

section into smaller areas. This breakdown will be the same as the project section, 

which can be seen in Figure 53.  

The main difference from the project section will be due to viewable content (i.e. 

downloading professional papers). Permission will be sought from article authors or 

licensing bodies before publishing any articles on FlowMotion. If permission is 

granted for a particular article, then any user will be allowed to view and download 

that article for free. If permission is not granted, then FlowMotion will still keep the 

article in the database as well as provide an abstract of the paper. If the user wishes 

to read the article, they will be forwarded to a partnered research website. In many 

cases, these linked research website will have an Athens login meaning students at 

the university will be able to view the content for free. If the article is only available 

from a website not partnered with the University, the student will have to purchase 

it. In return, these partnered websites will pay FlowMotion a small fee for linking 
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users to their website. A full description of potential partnerships and financial data 

can be found in section 4 of the Business, Financial and Management Report. 

Each article page will contain relevant information for the user to decide whether 

the paper is of interest. This information will not only include an abstract and author 

information, but a review by FlowMotion providing more insight into the paper as 

well as positive and negative aspects.  

6.6.6 Learning Tools 

This section will allow users to watch a series of online tutorials and courses, as well 

as take tests and use interactive learning tools. The first online module will be River 

Mixing and will aim to compliment the course taught at the University of Warwick by 

including online resources related to the course.  This course will help to enhance 

learning and understanding by compiling online resources into one accessible 

webpage. These resources are reviewed by FlowMotion to help students decide 

which tools are useful to them. 

As a way of furthering quality control, a system will be implemented for users to rate 

and comment on the usefulness of projects, articles and learning tools. This 

information will be exhibited on the main webpage of the project, article or learning 

tool. Each comment will be vetted by a member of FlowMotion before being posted 

on the website as a safekeeping measure.  

6.6.7 Forum and FAQs 

With any website, it is important to allow two-way communication between the 

users and designer to ensure a website is not only fully operational, but improve on 

certain areas. General queries a user may have may be answered in the FAQs page. If 

not, users are encouraged to post queries and comments in threads on the forum, 

allowing team members to evaluate the website and improve it.  The forum also 

gives the opportunity for students to get involved in discussions about certain 

projects or articles allowing them to increase their understanding in their chosen 

field.  
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6.6.8 Company Profile Page 

As mentioned in section 6.6.1, companies will be given the opportunity to purchase 

webspace on FlowMotion to advertise their company to prospective employees. This 

can be done by purchasing webspace in the projects section or on the FlowMotion 

homepage by presenting their logo. If the user wishes, they may follow this link (or 

the sponsored project link) to a company profile page within FlowMotion. This page 

will be dedicated to the respective company and display any information they wish 

to promote themselves. Financial data and projections for this source of income can 

be found in section 4.4 of the Business, Financial and Management Report. 

6.7 Future Structure  

Section 6.6 describes the present structure of FlowMotion. It can be seen that the 

structure mainly revolves around the type of learning resource i.e. the main sections 

projects, professional papers and learning tools. Within these sections the user can 

navigate to their subject of interest (e.g. civil fluid dynamic applications). This 

structure was adopted due to the limited number of learning resources that would 

be available and the website’s primary focus on civil engineering fluid dynamics 

during the beginning stage of development. As the website expands into other fields, 

it will be necessary to reorganise the website’s structure. The first tier of the website 

structure will contain subjects, such as Civil or Mechanical Engineering and not 

learning resources. Within those subject categories, the same learning resources will 

be available. Sitebuilder2 is capable of handling this type of restructure with relative 

ease.  

6.8 Conclusion  

As part of this research, a prototype educational website, FlowMotion, has been 

created to provide students at the University of Warwick with additional resources 

to aid their studies. In addition, this website gives engineering companies the 

opportunity to increase their visibility to university students by purchasing 

advertising space.  
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The website is being hosted by the University of Warwick and is available at 

http://www2.warwick.ac.uk/fac/sci/eng/meng/flowmotion. During the early stages, 

the website will mainly contain resources relating to civil engineering fluid dynamic 

applications. These learning resources include online courses, video demonstrations, 

online articles and projects completed by university students. As FlowMotion is 

expanded, resources relating to other fields such as mechanical engineering will be 

added. Eventually the website aims to host learning material from other degree 

courses such as mathematics and physics and will be available to students outside 

the university. 

  

http://www2.warwick.ac.uk/fac/sci/eng/meng/flowmotion
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