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SI]MMARY

Hydraulics Research ttd are studying methods of improving the assessment of
flood discharge on behalf of the Ministry of Agriculture, Fisheries and
Food. The research is being carried out with the co-operation of Water
Authorities in England and Wales, and includes the analysis of existing
measured flood flow data, and the development of new methods for assessing
f lood discharge.

This interim report includes a review of existing measured overbank flow
data. Analytical methods have been used to predict discharge and the
results have been compared with observed data. of the sirnple hand
calculation methods used the division line method using diagonal or vertical
division lines (methods 2(c) and 2(b) on Figure 4) gav- the best
predictions. It is expected that better predictions will be given using the
lateraL velocity distribution method, currently under development. This
nethod was applied to two sites and the results are presented.

Proposals for future work are given, including the development of new field
measurement equipment.
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1 . 1

INTRODUCTION

Background

The Water Resources Act 1963 placed on the Water

Resources Board the duty of collecting data relating

to the demand for water and the actual and prospective

water resources for England and Wales. Consequently,

many gauging stations were prinarily designed to

establish the quantity of water available for the

conununity. The provision of flood daLa was originally

considered to be of secondary importance.

When a flow measurement structure or rated channel

section is out-flanked by a flood flow the

uncertainties associated with flow measurement rise

from 3-10% for i.n-bank flow conditions to 30% or more

for out-of-bank flood conditions. Uncertainti.es of

this magnitude can have a profound inpact on the

return period associated through standard statistical

techniques with a particular discharge. They may also

lead to the design of a flood protection scheme being

too conservative with associated economic losses, or

alternatively inadeguate with th9 benefits of the

proposed scheme not being achieved.

Reporting upon the errors in Flood discharge

measurement the Wolf Report (1985) stated:

"A research prograrrne should be set up to develop new

methods for measuring or estimating flow particularly

over a flood plain. The objective of the project

should be to produce a method which is inexpensive and

effective and can possibly be applied after the

eventtr ,

These recommendations formed the basis for the present

research, which is being carried out by Hydraulics

Research Ltd (HRL) for the Ministry of Agriculture,



Fisheries and Food (MAFF). Work conrnenced in October

1986, and this report covers progress to the end of

1 9 8 8 .

1 .2  Ob jec t ives

The objectives of the research are to develop methods

of estimating or assessing the diseharge, particularly

peak discharge, of a flood that can be used at typical

lowland gauging sites in the UK. Methods should

preferably be applicable after the event.

The approach to the research includes the following

components:

(a) review of current practice

(b) collection and analysis of data from several

existing gauging stations

(c) laboratory and field experiments to i-nvestigate

site specific measures to improve flood flow

estination in co-operation with Water

Authorities

(d) examine the use of multi-dimensional computer

models of gaugi-ng sites to extend the rating

curve

(e) examine the use of catchment flood models to rate

lowland gauging stations from data collected

upstream

The research involves a high degree of co-operation

with Water Authori t ies, part icular ly in i tems (a),  (b)

and (c) above.

Flows which are contained within river banks or

structures may be estimated reasonably accurately



1.3 Progress
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using existing techniques. However, the margin of

error is rmrch greater when overbank flow occurs or the

site is bypassed by flood fIows. The maj.n enphasis in

the research progranrne is therefore the assessment of

flood discharges where overbank flow occurs. During

visits to the Water Authorities it became apparent

that many estimates of flood discharges are made using

extrapolated structure ratings. Current metering from

bridges and, occasional ly,  br idge rat ings are also

used. Some attention is therefore also given to these

topics.

AIl ten Water Authorities in England and Wales have

been contacted, and most have been vj-sited. Progress

on the objectives referred to above is as follows:-

(a) The review of current practice was carried out

during L9B6/1987, and the results are contained

in HRL Report No. SR 111 (Tagg and Hollinrake,

1987)  .

Data from existing gauging stations has been

collecteJ. Various methods have been used to

predict the stage di-scharge curves, and the

results have been compared with observed data.

The field data is reviewed in Section 3 of this

report, and the application of prediction methods

is contained in Section 4.

Sites where experimental work could be carried

out have been identified, and methods for

estimating flood discharges are discussed in

Section 5. No experimental work has been carried

out to date.

The use of multi-dimensional computational models

of gauging si tes is discussed in Sect ion 4, and

proposals for the development of a model during

1989/90 are given.

(b )

( c )

( d )



1.4 Contact with

Water Authorities

(e) Sites where catchment flood models could be

applied have been identified and the rnethod is

discussed in Sect ion 6.

A suggested progralnne for future work is given in

Section 7. The main components of the programme and

laboratory and field orperiments under iten 1.2(c) ,
and the use of computer models under items 1.2(d) and

1 . 2 ( e ) .

An initial request for information was sent, to all ten

Water Authorities in England and Wales in October

1986. The response from the Water Authorities was

generally good, and visits were made to the following

Water Authorities, where data of possible interest was

avai lable.

Thames

Severn Trent

Wessex - Bristol Avon division
- Avon and Dorset division

Southern - Hampshire division

Yorkshire

Northumbrian

Anglian - Lincoln division

- Oundle division
- Norwich division
- Colchester div is ion
- Cambridge division

South West

Welsh - Northern division

Sites of interest have now been identified, and the

Water Authorities have been very helpful in supplying

further information for these sites.



2 .1

BACKGROT'ND

INFORMATION

River floods

When a large flood passes down a river, the discharge

generally exceeds the capacity of the natural river

channel and flor.i occurs over land adjacent to the main

channel, which may or may not be contained by flood

embankments. In some cases separaLe channels may

occur in depressions in the flood plain. At river

crossings, the flow may pass through bridge openings

and openings in embankments crossing the flood plain,

or overtop the approaches to the bridge and possibly

the br idge i tsel f .

Field measurement of flood discharge is difficult.

Floods occur infrequently, and very few gauging

stations are capable of measuring discharge across the

flood plain. It may be possible to supplement gauged

flows in the main channel by taking flow measurements

on the flood plain. However, when a river is in flood

Water Authority staff may have more pressing tasks

connected with preservalion of life a:rd property than

gauging river and flood plain flow.

There are at present no accurate analytical methods

available for estimating discharge where overbank flow

occurs. Ttte pattern of flow in two stage channels

when the water 1eveI is above the bankfull level of

the main channel is complex. The velocity of flow in

the main channel is greater than in the flood plains

and a momentum transfer mechanism is generated in the

region of high shear flow between the main channel and

f lood plain. This has the effect of  reducing loca1

and mean velocities, discharge and boundary shear

stress in the main channel and increasing loca1

boundary shear stress in the flood plain zone near the

junct ion.



The situation is further complicated if the main

channel is meandering. At 1ow depths of flow on the

flood plain the dorninant flow occurs in the nain

channel. At high flood plain depths the dominant flow

occurs above main channel bankfull leve1 and is

parallel to the river valley and not the main channel

itself. These two patterns of flow are shown in

Figure 18.

Factors affecting flow on the flood plain include the

fol lowing:

- Extent of active flood plain (ie. areas where

signif icant f lood plain f lors occurs).

Areas which are not active may include relatively

high ground where the r,rater is shallor,r, or areas

of dense vegetation.

Nature of flood plain

Flow on flood plains may be controlled by the

geometry of the flood plain. fn the case of the

meanders, interacti.on of flood plain flow with

main channel flow may have a very significant

effect causing backing up at the downstream end of

the flood plain section. This would result in

lower flow velocities on the flood plain than a

ealculation for the flood plain in isolation would

indicate.

- Floodplain roughness

Floodplains are often a combinat ion of grassland,

other vegetat ion, hedges, fences, etc.  and the

overal l  roughness of the f lood plain is di f f icul t

to determine-



2.2 Gauging sites

Vegetation

The amount of vegetation changes throughout the

year depending on the seasons. If growth is

uncontrolled the vegetation will be greatest

towards the end of the sunmer with the most rapid

change occurring in spring. A purpose built flood

relief channel should have regular cutting of

vegetation to maintain the capacity of the

channel, but the practicality of this must be

taken into account during the design. T?re

capacity of the main channel will also vary

seasonally depending on vegetati.on.

An important feature of rj-ver flow as the river begins

to go out-of-bank is that the flow is unsteady around

bankfull 1evel. The bankfull level varies along the

river, with water going over the bank at some

locations and not at others. This affects the

definition of bankfull discharge, which is an

important parameter in the methods of analysi.s

described in Section 4.

There are over 1200 gauging sites in England and

Wales. However very few of these are capable of

measuring discharges during large floods, either

because they are bypassed by flood water or the

gauging structures are drowned. The main types of

florr gauging stations are as follows.

Low flow measurement sLructure

Low flow measurement slructures are very conmon on IIK

r ivers. They are, however,  general ly not sui table for

measuri-ng flood discharges. Discharges which are

above the range of the 1ow flov structure are

estimated by constructing rating curves for the site.

This is done either by extrapolation of the low flow



rating curve or by supplementing the low flow data by

current metering. Such extrapolations are tentative

as flood data i-s sparse and the amount of flow on the

flood plain is generally unknown.

FulI flow range measurement structure

A structure which measures the full range of flow is

the most convenient method of measuring flood

discharge. An example of such a structure would be a

Crump weir in r.rhich all the flow passes through the

structure, and which is undrowned for the full range

of flow. Many structures are, however, drowned or

bypassed by overbank flows during large floods.

Veloeitv area gauging station

Velocity area flow gauging stations include cableways

and current netering from bridges. The latter is

sometimes used to supplement data from low flow

measurement structures. Velocity area stations are

often b5passed or have overbank flows during large

floods and therefore the full discharge is not

recorded. Flow measurement on the flood plain is only

carried out at a very small number of sites.

2.3 Existing methods

of assessing f lood

discharge 

Existing methods of assessing flood discharge were

reported in Report  SR 111 (Tagg and Hol l inrake, 1987),

and only a brief sunnary is given here.

Flood discharges may be measured at measurement

structures or velocity area sites where the flow is

contained at the measurement site and drowning of

structures does not occur. However, at sites where

the flor'r is not measured an alternative method of

assessment is required, and the following methods are

currently i-n use:



2 .4 Hydraulic

problems

Extrapolation of structure rating

Velocity estimates combined with wrack or gauge

Ievels

Photographs

Rating of bridge structures

Hydrological assessment

Extrapolation of structure ratings is the most conrnon

of these methods but they are all subject to large

errors, particularly when the flow is out-of-bank.

Three particular hydraulic problems have been

identifj.ed which require attention. The most

important of these is overbank flow, and the main

emphasis of the research project is to develop methods

which may be used at sites where overbank flow oecurs.

Some attention i-s also given however to the accuracy

of extrapolation of structure ratings which are

currently used by Water Authorities, the accuracy of

current metering from bridges, and bridge and culvert

rating curves.

Overbank flow

The flow patterns which occur in two stage channels

are complex, particularly where the rnain channel is

meandering. A nuraber of methods of analysis have been

proposed by researchers and further research is in

progress, including an extensive research progranme on

the SERC flood channel facility at Hydraulics Research

Ltd .



fhe approaches to the assessment of flood discharge at

sites where overbank flow occurs are as follows:-

i) Sites where overbank flow has been measured.

Investigate different methods of estimating flood

discharge and compare with observed results

including the construction of computational

nodels of gauging si tes.

ii) Sites where overbank flow occurs which are close

t,o rated sect ions.

Experiment with different methods of estimating

discharge and compare wi-th observed discharge at

the rated sect ion.

iii) Easily rated sites which are downstream of

another well rated site in the same cat,chment.

Construct a catchment flood model using the

upstream flood hydrograph. Estimate the

discharge at the downstream site and compare with

the observed discharge.

The number of sites where overbank flow has been

measured is very limited. Only ten suitable sites

have been identified and of these only three have more

than 5% of the maximum recorded flood flow on the

flood pIain. A total of twelve sites have been

identified where oqperirndntbl work may be possible,

and seven sites where it may be possible to construct

a catchment flood mode1.

Extrapolation of ratings

A number of dj-fferent methods are currently in use to

extrapolate ratings for flow measurement structures in

10



order to estimate high discharges. It is desirable to

review the different methods of extrapolation

currently in use, and check the accuracy of such

extrapolations by current meteri.ng at high river

flows. Some extrapolations are already based on

discharges obtained by current metering, and in these

cases further checks may not be necessary.

Flow at bridges and culverts

A number of different types of flow pattern are

possible at bridges and culverts. For example, flow

through culverts nay be drowned or undrowned, and the

culvert may or may not be submerged. The discharge at

such structures may be estimated from the headloss

using suitable flow formulae dependi.ng on the type of

flow observed. Recent research work includes research

at HRL on flow through arch bridges. It is desirable

to review literature on flow through bridges and

culverts in order to reconrnend methods for estimating

the flow where a significant headloss exists. It is

recognised that the number of sites where these

methods eould be applied is lfunited.

Current metering from bridges is used to measure

discharge, part icular ly at high f lows. Part icular

problems with flow measurement at bridges inelude

scour, and therefore variations in flow depth, and

turbulent flow around bridge piers and arches. It is

therefore desirable to check the accuraey of flow

measurement at bridges by independent current metering

upstream or downstream of the bridge.

11



3 .1

REVIEW OF

EXIST]NG DATA

General

1 .

The Water Authorities were asked if they have gauging

stations where the following types of data are

avai lable

Overbank flow rated sites

Sites where overbank flow has been successfully

gauged and used to produce an overbank flow

rating. This could be used to compare actual

overbank ratings with predieted ratings using

different methods of analysis.

A variation of the method would be to choose a

site where flood outlines are available locally

(or where such data could easi.ly be collected in

the future). A rating eurve could then be

predicted using the slope area method, and

compared with the observed rating.

Experimental sites

Sites where all flow is measured at a gauging

station and overbank flow occurs nearby. This

would be valuable as a site for orperinenting with

nelf, measurement techniques at the river section

where overbank flow occurs, and comparing the

results with the gauged flow.

Flow routi-ng reaches

Sites where flood flows are gauged at two

locations on a river catchment. A flood routing

method could then be applied using gauged flow at

2 .

L2



3 .2 Review of flow

data for sites

where overbank

flow has been

measured

the upstream site in order to estimate the flow at

the downstream site. The results would then be

compared with the gauged flow at the downstream

si te .

A considerable amount of information was provided by

the Water Authorities. The information for each site

was inspected, and a list of sites which may be

suitable for study in the research progranme was

compiled, as shown on Table 1. The experimental sites

are discussed further in Section 5, and the flood

routing reaches in Section 6. The sites where

overbank flow data have been obtained are discussed

further i-n this section.

I t  is stressed that select ion of s i tes for the

research programme was based largely on information

provided by the Water Authorities, supplemented by a

limited number of site visits. Some information was

very detailed, and it was possible to make a good

assessment of the suitability of a particular site.

Other information rrras less detailed, and it will be

necessary in some cases to obtain further information

before confirming the suitability of some sites.

A total of twelve sites were identified where overbank

flows have been measured, which may be suitable for

study. A few other possible sites were rejected for a

number of reasons including shortage of data, problems

with the si te geometry,  not al l  f lood plain f low

measured, and uncertainties concerning the accuracy of

flow measurements. Of the twelve sites identified,

1 3



TABLE 1 : Gauging stations considered for study

Out of bank bc.perimental Flow routing Water
rated site site reach Authority

R Mole/Kinnersrey R wey/Tilford R Mole/Horley Thames
Manor to Cast le Mi l I
R Blackwater/ower R Blackwater/ower southern

(Hampshire)

R Avon/Bathford R Avon/Melksham Wessex

to Bathford (Bristo1 Avon)
R Stour/Hartrnoon R Stour/Harffnoon Wessex

to Throop (Avon & Dorset)
R culm,/wood Mill R Torridge/Torrington south west
R Torridge/ Torrington

R Teign/Preston

R severn/Montford R severn,/Montford severn Trent
R Penk,/Penkridge

R Trent/l{orth

Muskham

R Welland/Tixover Anglian

(Oundle)

R Kym/Meagre Farn Anglian

(Cambridge)

R Chelmer/Springfield Anglian

(Colchester)

R Elwy/Pont-y-Gwyddel Welsh
R Ouse/Skelton Aire/Skipton yorkshire

co fra*i."r. 
kr 

/' - a l t

R wharfeliA,aai"s{!,Q@ /[a-/
R Eden/Kirkby -North 

West

Stephen to (Carl is le)

Car l i s le

R Ribble/Samlesbury North West

(Warrington)

R Wansbeck/Mitford R Coquet,/Rothbury R Tees,/Broken Northumbrian
R South Tyne/ scar to Low Moor

Haydon Bridge

R Tees/tow Moor

12 L2

I 4

7 TOTAL N1IMBER



3 .3 Sites where

overbank flow

been measured

ten are conventional two stage channels, and two are

sites which are bypassed during floods, but the bypass

flows have been measured.

Of the ten two stage channel sites, seven have only 5%

or less of the total flow on the floodplain during the

Iargest recorded flood. there are only three sites

where the flood plain flow exceeds 5% during the

Iargest recorded flood and therefore the amount of

available field data for use in the assessmenL of

methods for estimating overbank flow is very lirnited.

The data for the ten sites is sumnarised in Table 2.

A limited amount of further data is known to exist

from other research studies, including the River

Roding (University of Bristol, 1988) and the River

Main in Northern lre1and. Data is not available from

these sites for this study, but one observation from

the results is the considerable variations in section

and roughness which occur along the channel and

floodplain in the direction of flow. Methods of

analysis described in Section 4 are all based on a

single channel cross section.

Details of sites where overbank flow has been

successfully measured are contained in Appendix 1,

together with stage discharge graphs which illustrate

the data available. In addition to the twelve sites

I isted in Table 3.1, an addit ional three si . tes (River

Stour at Hanrnoon, River Trent at Yoxal1 and River

Severn at Haw Bridge) are also included. These

f i f teen si tes are br ief ly descr ibed in this sget ion.

The expression 'data avai lable'  in this report  refers

to data which has been given to HRL by the Water

Authori t ies.

' t q



TABLE 2 : Overbank flow data

Site Total width

Bank top width

Discharge (m3ls)

Bankfull Maximum (l)

Flow on

floodplain Remarks

(%)

40

20

B

2

Culm/Wood Mill

Severn/Montford

Blackwater/Ower

Torridge/

Torrington

Ouse/Skelton

Trent/N Muskham 1.4

Penk/Penkridge 2.6

Tees./Low Moor 1.9

l{ansbeck/Mitford 1.9

South Tyne/ 1.3

Haydon Bridge

NOTES:

3 .8

3 .4

4 .5

1 .9

1 .2

44

184

9 . 9

L87

250

392

L7

268

3 l

88

99

331

t2

314

437 ( 700)

4B8 (Bs8)

3 3

4 0 1

145

496

1 Narrow berms.

Banks

overtopped in

large f loods

4 Single berm.

Flow beyond

cableway in

large f loods

4

I ] Low flow

] measurement

5 ] weirs with

] cableways

2 j upstream

l .

2.

Figures given are maximum recorded contained floods

Figures in brackets are maximum recorded floods

Sites where bypass flows have been measured : Teign/Preston

Mole/Kinnersley Manor

16



River Mole at Kinnerslev Manor (Surrey)

Ihis is a road bri-dge si-te where flow under and over

the road is measured. Flood flows bypass the main

channel, and it is therefore not a two stage channel

s i te .

River Blackwater at Ower (Hampshire)

The Crunp weir at this

The floodplain appears

downstream. Only four

measured, but the data

meter ing results.

site is drovned at high flows.

to narrow towards a road bridge

overbank flows have been

is good and includes current

River Culm at Wood MiIl (Devon)

There is a low flow weir at this site and an

approximately 100m wide floodplain on the left bank.

The whole section is current metered. The data set is

generally good, the only doubt being the possible

backwater effect of a bridge downstream. A plot of

the variation of Manningrs 'nr with stage showed that
Inr did not fal1 with stage, as would normally be

extrlected.

River Torridge at Torrington (Devon)

This is a natural section with a flood plain on the

left bank. AIl measured floods are contained by a

flood bank 30m from the river bank, but larger floods

overtop this enbankment. The cablervay spans the river

and flood plain to the embankment.

River Teign at Preston (Devon)

This is a natural current metered section. During

floods, part of the discharge b14>asses the gauging

station, forming a separate channel on the right bank

flood plain. It is therefore not a two stage channel

section, but the blpass flows have been measured.

t 7



River Severn at Montford (Shropshire)

This is a natural section with a cableway extending

over the main channel and both flood plains. A large

amount of data is available, and this site has already

been used by others to assess compound channel flow

estination methods. Actua1 current meLering data is

avai lable.

River Penk at Penkridge (Staffordshire)

This is a two stage channel where the whole section is

current metered. There is a bridge 35rn downstream of

the gauging site. Actual current metering data is

avai lable.

River Trent at North Muskham (Nottinghamshire)

This is a natural section with a cableway which spans

the main channel and a 28m wide berm. During large

floods some fLow bypasses the cableway on the

extensive right bank flood plain, and is not measured.

The rating curve shows that the berm has little effect

on the slope of the rating curve, but there is a

distinct change in slope above flood bank top level,

where the average flow velocity shows a marked

increase. Actual current rnetering data is available.

A physical model constructed by HRL has been used to

rate one extreme flow at this site, and it was found

that the measured flow was about 75% of the total flow

which includes flow on the floodplain.

Rj-ver Ouse at Skelton (Yorkshire)

This is a natural section with narrow berms between

the channel and flood banks. The cableway spans

between the flood banks, which are overtopped during

large f loods. Very l i t t1e f low occurs on the berms,

most, of the flow being contained in the large nain

channel. The average flow velocity, however, shows a

marked increase above bankfull level. Actual current

meter ing data is avai lable.

1 8



Rivers lrlanbeck at Mitford, South trne at Havdon Bridge

and Tees at Low Moor (Northunberland/Durham)

These three Northumbrian Water gauging stations all

consist of a cableway upstream of a low flow measuring

structure. A11 three sites have narrow berms where

f lood f low occurs. Only part  of  the f loodplain f low

is measured at Mitford and Low Moor, although

supplementary current metering has been carried out at

Low Moor, and current metering data is available.

River Stour at Hanrnoon (Dorset)

This compound Crump weir site appears to have a good

overbank rating curve, but inspeetion of the

st.ructure drawings indicates that a road bridge across

the weir would be overtopped during floods. It was

considered that the blockage caused by the road bridge

would affect the rating, and the site was not used for

overbank flow estimati-on. It may sti11 be useful as

an experimental or flood routing site.

River Trent at Yoxa1l (Staffordshire)

This is a natural section with a cableway across the

main channel. The site is bypassed but bypass flows

are measured where they pass under Yoxall bridge.

There are four overbank gauged points, of whJ.ch two

were reeorded before and two after the construction of

a t,raining bank. This site was not used because it is

not a two stage channel, and the number of gauged

overbank flows is smaI1.

River Severn at Haw bridge (Gloucestershire)

This is a road bridge site which has been considered

because a reasonable number of overbank flows have

been gauged. I t  may also prove to be a sui table

19



4 . 1

elq)erimental site, with a wide flood plain compared to

the channel wi-dth. However, little dat,a has been

obtained for this site, and further data will be

requested from STWA.

ANALYTICAL METHODS

OF ESTIMATING

FLOOD DISCHARGE

Introduction

The main hydraulic problem associated with the

assessment of flood discharge is the estimation of

discharge for sites where overbank flow occurs. A

number of different methods of estimating discharge

have been applied to sites where overbank flow has

been measured, and compared with observed results.

The stage discharge curves have also been briefly

studied in order to try to identify any obvious

correlations between curve parameters and site

geometry. Actual current metering data has been used

to identify the actual distribution of flow for

several two stage channel sections where data is

available. Reference is also made in this section to

methods of estimating bridge and culvert rating

curves. No attempt has yet been made to construct a

computational model of a gaugi.ng site, and it is

recormnended that this should be carried out.

4.2 Stage di-scharge

curves

The stage di-scharge curves for the fifteen si.tes

referred to in Section 3.3 are contained in Appendix

1. An example is given on Figure 1, which illustrates

the typical form of these curves.

The stage discharge data was plotted on log-1og paper

in order to identify constants in the equation

20



Q = a ( h + c ) b

where Q = discharge

h = stage

B, b, c are coeff ic ients

The results are shown in Appendix 2, and an example is

shown on Figure 2. It was possible to produce

straight line fits in most cases, and the constants a,

b, and c for in*bank and overbank flow are tabulated

in Table 3. There is no obvious correlation between

constants either for in-bank or overbank flows,

although a ful1 regression analysis has not been

carr ied out.

All plotting and curve fitting of stage discharge data

was carried out usi.ng the Institute of Hydrology data

analysis package HYDATA.

Correlation of flor.r characteristics with channel

geometry is currently being carried out for in-bank

flow by G Wharton under a CASE award research project

by the Institute of Hydrology. An equation of the

above form has been proposed where the coefficients

were presented as functions of channel geometry and

roughness (I(r : ight 'et  aI ,  1984),  and i t  may be possible

to refine this equation using the available field

data.

It is not, however, proposed to pursue this approach

further under this research project, as other methods

appear more like1y to lead to a useful result. Ttre

stage discharge curves do, however, il lustrate the

form of curve which occurs in two stage channels, as

observed in laboratory experi-ments, and ineludes the

fol lowing features:

(a) Significant change of slope at bankfull level on

the log-1og plot

2T
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4.3 Methods of

predicting stage

discharge curves

(b) Disconti.nuity at bankfull level between in-bank

and overbank sections of curve on the log-Iog

plot, an example of which is shown on Figure 3.

A considerable amount of research has been undertaken

into compound channel flow, and several methods have

been proposed by researchers for estimating the

discharge. These methods include the following:

1. Single channel method

Apply open channel flow formulae to the whole

channel using a single roughness coefficient.

2. Division line methods

Divide the compound cross section into sections

and apply open channel flow formulae to each

section. In some cases the divi.sion line is

included in the main channel wetted perimeter, and

division lines which have been proposed include

the following. A11 dj-vision lines pass through

the point where the top of the main channel side

slope and the flood plain intersect:

(a) Vert ical

(b) Vertical, but including divisj-on line in main

channel wetted perimeter.

(c) Diagonal to centre of channel

(d) As (c),  but including divis ion l ine in main

channel wetted perimeter.
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(e) Diagonal,  with a var iable angle of the

interface.

(f)  As (e),  but including divis ion l ine in main

channel wetted perimeter.

(g) Horizontal .

(h ) Horizontal, but including division line

main channel wetted perimeter.

1n

J .

The division lines are illustrated in Figure 4.

(For example, Wormleaton et al , LgBz).

Apparent shear

Divide the compound cross section into main

channel and flood plain sections using vertical

division lines at the boundaries. The interaction

between the fast moving main channel flow and the

slow rnoving floodplain flow is represented by an

apparent shear force which reduces the main

channel flow velocity and increases the flood

plain for velocity. (For example, prinos and

Townsend, f9B4).

Correct ion factors

Divide the eompound cross section into main

channel and flood plain sections using vertical

division lines at the boundaries. Apply open

channel flow formulae to each section but appty

empirical correction factors to the forrmrlae to

take into account the interact,ion between the

f lows.  (For  example ,  Karasev ,  1969) .

4 .
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5. Lateral  veloci ty distr ibut ion

Estimate the lateral depth averaged velocity

distribution across the section from

considerations of lateral shear. Integrate the

veloeity across the section to give discharge (For

example, Samuels 1988 and Wormleaton 1988).

Method I is very si-mple but inaccurate and

underestimates the discharge. Uethods 2, 3 and 4 are

empirical methods which are relatively easy to apply

by hand. Methods 3 and 4 both depend on the selection

of sui table si te specif ic values for var iables.

Method 2 depends on selecting the most suitable

division lines. A11 methods rely on accurate

estimation of roughness coefficients, as discussed in

Sect ion  4 .8 .

Method 5 is based on an appreciation of the actual

hydraulics of the flow, and i-s therefore more }ike1y

to produce reasonable results when applied to a new

site. Considerable research is in progress on this

type of method, including work by researchers using

the SERC flood channel facility at Hydraulj.cs Research

Ltd. The method involves solving non-linear

equations, which can only be carried out in practice

by a computer, and is therefore more difficult to

apply than the other methods.

One objective of the research prograrmne is to

reconunend methods for estimating flood discharge,

based on available nethods. Method 5 is considered to

be the best nethod but can only be carried out using

computer programs, and method 2 is considered to be

the best of the simple methods. Method 5 has been

appl ied to two si tes, and divis ion l ine methods 2(a),

(b),  (c),  and (g) have been appl ied to the ten

compound channel sites where overbank flow data is

avai lable, as l isted in Table 2. The single channel

method has also been appl i -ed at these si tes.
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4.4 Data preparat ion

An example of the division line calculation method as

used to estimate stage discharge relationships for

each site is given i.n Appendix 3. It was decided to

use the Manning open channel flow formula for the

division line method as this is most faniliar to river

engineers, although some work was done using the

Colebrook-White roughness length k" for comparison

purposes.

Use of the Manning equation involves calculation of a

number of parameters. The methods used to calculate

these parameters were chosen so that they may be

applied easily at other sites using readily available

information. Geometric properties of the channel and

flood plain, including cross sectional area, wetted

perimeter and hydraulic radius, were calculated from

single river cross sections at the gauging site. The

water surface slope was assumed to be equal to the

ground s1ope, and was abstracted for Ordnance Survey

l:25,000 maps. The slope was calculated as the

vertical difference between two contours divided by

the river length between the contours. Ttre floocl

plain slope was similarly calculated, but using valley

length instead of river length.

The assessment of Manning's Inr is di f f icul t  and

subjective. Its value was calculated for several

(usually three or four) in-bank flow stages using

values of stage and discharge from the rating curve.

It was therefore possible to observe the variation of
fnr with stage. General ly Inr decreases with stage

and this lras evident at six of the ten sites. ,n'

remained approximately constant with stage at three of

the sites, all of which were within the backwater

length of a weir or bridge, and rose with stage on the

Tees at Low Moor, where the gauging station is just

z o



upstream of a low flow weir. Plots of the variation

of In '  with stage are shown on Figure 5.

ft was decided to use the bankfull value of Manning's
In'  ( 'n. ,- ' )  as the roughness parameter for the main

D

channel when assessing overbank flow, as it is

relatively easy to obtain and represents a fixed point

on tn' against stage curve. Where gauging data above

bankfull 1eve1 exists, it may be obtai-ned by applying

the Manning equation to the bankfull discharge and

cross section. When gauging data for in-bank flows

only exists, it may be obtained by calculating tnf at

different stages and extrapolating the 'n' against

stage curve to bankful l  level.  Assessing of ' rb '  at

sites where no gauging data exists is discussed in

S e c t i o n  4 . 8 .

Ihe calculated values of '%' are shown on Table 4 for

the ten sites plus the Teign at Preston, together with

some information on the variation of Int with stage.

Esti-mates of 'rrb' are also included i-n the table to

indicate the magni-tude of error which may occur when

using estimated values rather than values based on

gauged flows. The estimates of rn'r are typical

estimates frequently made by engineers, based on all

available descriptive data for the site and the method

presented by Chow (Chow 1959, p 106).

Values of In,.r were considered to be high at the three
D

Northunbrian Water sites, all of which are inrnediately

upstream of low f low weirs.  This possibly ref lects

the backwater effect of the structure where the slope

is loca11y less than the valley slope used in the

analysis.  A1so, the f low depth, and therefore the

cross sect ional area and hydraul ic radius, is raised

above the normal flow depth r+hich would occur if no

structure were present.

Va lues  o f  'n '  fo r  the  f loodp la i t r  ( 'n f ' )  vere

estimated, based on the very limited available data on
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this subject. The problems of estimating tnf' are

discussed further in sect ion 4.8. For most of the

si tes studied, tnr '  was not a cr i t ical  parameter

because of the small proportion of total discharge on

the floodplain. The only two sites where 'nr' had a

major affect on discharge estimation were the Severn

at Montford and the Culm at Wood Mill. At these

sites, attempts were made to estj-mate t*rt Ot

subtracting the main channel flow from the total

discharge by dividing the flow using division line

methods, and applying Manning's formula to the

f loodplain. Results of the order of 0.10 and 0.04

were obtained for the Culm and Severn respectively,

although there was some variation depending on the

method used to estimate the main channel discharge.
Inrr was also estimated from current metering results

at f ive si tes, as discussed in Sect ion 4.7

One practical problem was assessing the bankfull value

of discharge and stage. This was generally selected

from cross section data, but is is apparent that there

are local dips in the bank level which may produce an

erroneous result. For example, the left bank of the

Severn at Montford j-s 0.6m lower than the right bank

at the gauging site. Inspection of the stage

discharge curve shows that the change in slope occurs

at the higher level, and it may therefore be assumed

that the higher leveI is the correct bankfull 1eve1.

This is il lustrated on the stage discharge curve for

the Severn at Montford given in Appendix 1. In

general, the selected value of bankfull leve1 should

be the general bankfull Ievel of the gauging reach,

and this is the level normally used by the Water

Authori-ties.

Discharge vas estimated for overbank flows at several

stages using divis ion l ine methods 2(a),  (b),  (c) and

(g), on Figure 4, and the single channel method. The

4.5 Data analysis
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Iateral velocity distribution nethod was also applied

to the Severn at Montford and the Culm at Wood UiIl.

Division line and single channel methods

The results are presented in the form of graphs of the

ratio of predicted over observed discharge against y,
(the ratio of depth above bankfull 1eve1 to bankfull

depth of main channel). Observed data was Laken from

the rating curves shown in Appendix 2, and not

i.ndividual observations. Ihis procedure averages out

measurement errors and changes in vegetation, etc.

Parameters used in the calculations are given in Table

5. The results are shown in Figures 6 to 10 for

methods 2(a),  (b),  (c),  (g) and the single channel

method respectively.

Most of the predictions lie in the range I l0% for

methods  2(a) ,  2 (b)  and 2(c ) ,  bu t  methods  2(g)  and the

single channel method both underpredict discharge.

Ttrere was little to choose between the best three

methods, and the accuracy of predictions depended on

the accuracy of estimating parameters, particularly
'5 '  and ' r f  ' .  The results for the Culn at Wood Mil l ,

where a large proportion of the flow is on the flood

plain, was relatively insensitive to the interaetion

zone between main channel and floodplain flow, but was

very sensitive to 'rf'. Figure ll shows the predicted

stage discharge curves using the five methods for the

Culm, with a value of rnr '  of  0.100. The Severn at

Montford, whilst stil l a good tro stage channel site,

was more sensitive to the method used, and the

predicted stage discharge curves are shown on Figure

L 2 .

The calculations produced some interesting conclusions

about the selection of gauging sites for overbank flow

measurement. The question of flood plain roughness
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Table 5 : Roughness parameters and stages used to estimate discharge uslng
dlvislon line and single channel methods

Site t t b  t t t f t Backfull

stage

Stage used for

caculation

Stage yr

Blackwater at Ower 0 .039  0 .060 1 .8

Culm at Wood Mill o.o42 0 .  100 2 .09

1 .875
t . 925
1 .987

2 .43
2 .58
2 .73

3 .5
3 .8
4 .1

5 .2
5 .7
6 .1

r .7  4
1 .84
L .94

3  . 00
3 .34

5 .0
5 .5

1 .9
2 .5
3 .  13

4 .  88
5 .49
6 .39

0 .036
0 .064
0 .098

0 .  163
0 .235
0 .  304

0 .107
o .2L4
o .32L

0 .079
0.  159
o .222

0 .082
0 .  141
0 .200

0 .069
0 .  131

0 .067
0 .  115

o .42
o .B2
L .24

0 .145
0 .290
0 .505

Severn at Montford 0 .028  0 .040 4 .6

Penk at Penkridge 0 .046  0 .060 1 .6

Trent at N. l{uskham 0 .036  0 .060 2 .62

Ouse at Skelton 0 .046  0 .060 4 .3

Torridge at
Torrington

South Tyne at

Haydon Bridge

Tees at Low Moor

0 .028  0 .060 3 .2

0 .057  0 .060 L . 2 7

4 .270 .048  0 .060
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est imation is discussed further in Sect ion 4.8, but

some other points are also of interest, as follows.

Some of the sites have very small flood plains and are

probably best treated as single channels. However,

the use of the single channel method with 'nO' as the

roughness parameter produced underpredictions in most

cases because In, continued to faII with stage above

bankfull level. This is particularly apparent in the

case of the Trent at North Muskham, where the slope of

the stage discharge curve did not change at bank top

1eve l .

The Trent at North Muskharn and the Ouse at, Skelton

have relatively narrow berms and then an embankment.

The flow is gauged across the main channel and berms

but at high flood flows when the water level is above

embankment 1evel, flow occurs on the flood plai.n

outside the cableway. It was therefore only

consi.dered reasonable to use data between bankfull

level and ernbankment top level. It was interesting to

note, however, that discharge increased rapidly with

stage above bankfull level at Skelton, and embankment

top level at North Muskham. The mean velocity

increased at shown on the table below.

S i t e :

Bankfull/embankment

top stage (m)

Max. recorded stage (m)

Mean veloci ty (m/s):

bankfull/embankment top

max. recorded stage

Ouse at

Skelton

4 .  3 0

5 .39

0 .  80

1 .  15

Trent at

N. Muskham

3 . 3 4

3 .  8 6

t . 23

1  . 91
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This rapid rise in velocity may reflect a change in

resistance or a change in water surface slope. Both

sites are upstream of controls at the tidal limit of

major rivers, and the assumption that the water

surface slope is the same at all stages may not be

val id at these si tes.

The three Northumbrian Water sites are all upstream of

low flow weirs. The weir on the Tees at tow l{oor has

a relatively small blockage area compared with the

total cross sectional area of the river, and the

division line methods gave reasonable predictions of

overbank discharges. However, the blockage was

considerable for the other two sites. Backing up

upstream of the weirs undoubtedly produced

unreasonably high values of 'nO' as discussed in

Section 4.4, and, the predictions of overbank discharge

for the Wansbeck at Mitford were of the order of 50%

of the observed discharges. Predictions for the South

Tyne are also 1ow, as shown in the results. Using

weir crest level instead of bed leve1 for the cross

sectional geometry produced good predicti.ons for the

South Tyne but sti1l under predicted for the Wansbeck.

Clearly sites which are affected by structutes

downstream may not be suitable for applying the

estimation methods described in this section.

Lateral velocitv distribution

The lateral velocity distribution method was applied

to the Culm at Wood Mi11 and the Severn at Montford.

The theory of the nethod may be found elsewhere (for

example, Samuels, 1988),  but i t  essent ial ly involves

predicting the depth averaged distribution of velocity

across the mai-n channel and flood plain section. The

main variables in the method are roughness parameters

and a lateral shear parameter. The roughness

parameters were estimaLed fron field data. The

lateral shear Darameter was estimated from
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observations taken on the SERC flood channel facility

at Wallingford, some details of which are given in

Appendix 4.

The results are suunarised in Figures 13 to 17. Good

predicted were obtained for the Severn at Montford

using the lateral shear parameter which also gives the

best fit to results obtained on the SERC flood channel

facility. A somewhat higher value of lateral shear

parameter was required to obtain a good fit for the

CuIm at Woodmill, as the value used at Montford would

overpredict by about 10 - 15%. One possible reason

for this overprediction is the use of a value of 'nr'

of 0.04 for Wood MiIl, which is lov and much less than

the value of 0.10 used for the division line nethod.

It may also reflect the effect of meanders in the main

ehannel upstream. TVo channel geoemtries were used

for the Cu1m, one j.ncluding the full floodplain width

and the other only including the floodplain as far as

the bund, 64m from the river.

Ttre lateral velocity distribution method is based on

data obtained from straight channel tests. In

practice, very few sites are on straight channels but

many are on reasonably straight or only slightly

curved reaches where the flow patterns are likely to

be similar to those observed on the SERC flood channel

faci l i ty.

The lateral velocity distribution model used in the

study is being developed by J Wark under a CASE award

studentship, under the supervision of Dr D A Ervine

(University of Glasgow) and Dr P G Sarnuels (Hydraulics

Research Limited). The work is incomplete, and

further refinement of the model is in progress. The

results obtained to dat,e, however, are encouraging and

promise to provide improved methods of predictions of

overbank flow in Lhe future.
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4.6 Sumnary of

result,s

4.7 Current metering

data

The above analyses indicate that division line methods

2(b) and 2(c) give reasonable predictions of overbank

flow if reasonable estimates can be made of roughness

parameters. These methods have no theoretical basis,

however, and in the long term it is expected that the

lateral velocity distribution method will provide a

more accurate method for estimating overbank

discharge.

The lateral velocity distribution method gave good

predictions for stage*discharge curves at the two

sites investigated. Because the method attempts to

reproduce the distribution of velocity across the

channel, it gives a much better representation of what

is physically happening.

The methods used to predict overbank flow have been

applied to sites where the flood plain flow is

parallel or almost parallel to the main channel flow

as shown on Figure t8(a). They are not suitable for a

site where the flow pattern is of the type shown on

Figure 18(c) and should be used only with caution

where the flow pattern is of the type shown on Figure

18(b). Generally the methods assume that there is no

significant curvature in the f1ow. At present no

method exists for estimating overbank flow where the

main channel is meandering within a flood plain as

shown on Figure 1B(c).

Although not specifically requesLed, Water Authorities

provided actual current netering data for the

fol lowing si tes:
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River Blackwater at Ower

River Severn at Montford

River Penk at Penkridge

River Trent at North Muskham

River Ouse at Skelton

River Tees at Low Moor

This provided j.nformation on the actual distribution

of discharge between the main channel and flood

plains. By dividing the main ehannel and flood plains

by vertical division lj.nes at the boundaries (nethod

2(a) on Figure 4) i t  was possible to est imate ' r f '  for

the flood plains, and also In, for the main channel at

a stage above bankfull. The results are sunmarised in

Table 6. I t  nay be seen that values of Inrr  in the

range 4.024 to 0.190 were obtained.

4.8 Est imation of

overbank discharge

A number of methods have been described for estimating

overbank flows. When consj.dering the estimation of

overbank discharge at a site where gauged data is

lfnited or unavailable, a number of problems arise,

which are discussed in this section.

Estimation of 'nO' is difficult. The well known

guidel ines presented by Chow (Chow, 1959, p 108 et

seq) refer to normal flow depths. Research work in N.

Ireland has provided a relationship betwe"tr 
"rb, 

and
'Qb' for ri.vers in Northern freland (Higginson and

Johnston, f988).  This is reproduced on Figure 19,

together with values of 
5 

obtained from this study

added. Where no data exist,s, guidelines of this sort

must be used. I t  is also desirable to obtain values

of 'tbr from other UK gauging stations, including

variat ions of 15r with season.

The est i rnat ion of roughness of f lood plain ( 'nr ' )

including natural channels forrned by depressions in a
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flood plain is difficult because of the mixture of

roughness components which may occur. These include

wal ls,  fences, gates, hedges, tracks, t rees, bushes,

other vegetat ion, bui ldings, etc.  The f lood plain

also changes in section and character in the direction
of f low.

One method for estimating Manning's 'nt for different

components of a complex flood plain requires the total
discharge, channel geometry and slope to be known
(Bruk and VoIf ,  1967).  The f low resistance of grass

cover has been studied and a nethod is available for

calculat ing Manningrs Inr for grasses of di f ferent

Iength (USDA, 1954).  The most sui table avai lable

approach to analysing complex flood plains is that

based on the nethod of Petryk and Bosmajian (1975) but

application of the method is difficult. Individual

components of flood plain roughness have been studied

by various researchers (eg. hedges and orchards,

Klaassen and Van Der Zwaard, 1974; grass in flood

channel,  Klaassen and Van Urk, 1985).

It is concluded that at present no satisfactory method

estimating the roughness of flood plains exist except

for sites with uniform grass cover.

The values of Inrr given in Table 6 indicate the vide

range of values which may occur, fron fairly low

values comparable with main channel roughness for
smooth pasture to much higher values for complex flood
plains with uneven ground, trees and bushes.

In order to obtain estimates of flood discharge using

the methods discussed in this section, the following

criteria are suggested for gauging sites:

The site should be on

sufficiently far from

of the flow affecting

s i t e .

a straight reach of channel

bends to prevent curvature

the hydraulics of the

( a )
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4.9 Bypassed sites

(b) In view of the problems est imating tnf ' ,  the si te

should either avoid complex flood plains with

complex roughness or have a linited proportion of

the total flow on the floodplain (eg. less than

r0%).

(c) Sites should not be near weirs or other

structures which cause significant backing up at

high r iver stages.

Where wide flood plains are unavoidable, such as in

parts of East Anglia, there may be no alternative

except to use flood plain flow measurement deviees, as

discussed in the Section 5. In some cases it may be

possible to identify features of the flood plain

including flow paths and areas of the flood plain

which are inactive, in order to estimate the flood

plain conveyance and therefore the discharge.

No analysis has been earried out for the two sites

where bypass flow has been gauged. The hydraulic

problem is slightly different to the two stage channel

problem in that there is no interaction between main

channel and flood plain flow. The best docunented

bypassed site is the River Teign at Preston. Good

rating data exists for the main channel and the

problem of flood discharge estimati-on reduces to

estimating the flow across an expansive area of flood

plain consisting nainly of pasture with occasional

fences and trees. This problem may be approached by

estimating the conveyance and roughness of the flood

plain by detailed topographical survey and treating

the flood plain as a single channel. The main

problems with this approaeh are as discussed in

Section 4.8, namely understanding the behaviour of the

? o



4.10 Bridges and

culverts

4.11 Further work

flow on the flood plain and estimating suitable values

for roughness coefficients. The alternative would be

to install purpose built measurement equipment of the

t5pe considered in Section 5.

An important aspect of flood discharge assessment is

the estimation of discharge through bridges and

culverts. There may be sites where flood flows are

contained by bridges and culverts in, for example, an

embankment across a flood p1ain, and discharge may be

estimated from water levels and rating curves for the

structures. Whilst no specific work is included in

this study for flow through culverts and bridges,

attention is drawn to the following references which

may be used to estimate rating curves for individual

structures.

Bridges: USBPR (f970).  This is a general  method for

al l  br idge t1pes.

Arch bridges: Brown (1938). Reconrnended for arch

bridges.

Culverts:  Carter (1957).  Methods of calculat ion for

six di f ferent classi f icat ions of culvert

flow, ranging from drowned to free flow.

It is not proposed to carry out any further work on

analysis of existing data under the project apart from

the application of computational models to gauging

sites. The analysis to date has indicated the methods

available for assessing flood discharge, and the

problems involved. The bulk of future work will be

concerned with development of field nonitoring

equipment and methods, as described in Section 5.
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Modelling of gauging sites

Computational modelling has developed sufficiently to

enable unsteady one dimensional flow models to be

applied to rivers with ease and at relatively low

cost. Advantages of such models over the analyses

described above are that they rnodel variations of

channel and flood plain shape along a river and can

include structures and associated backwater effects.

I t  is also much easier to include, for example,

variable roughness across the charu:e1 and/or flood

plain than with simple hand calcuLation methods. Ttre

main disadvantages where compound channel flow is

concerned is that they do not model the effects of

interaction between main channel and flood plai-n

f  1ow.

It is proposed to modify a one dimensional

conputational model by incorporating velocity profiles

calculated using the lateral velocity distribution

method, which has already been applied to single

river and flood plain cross sections. Whilst not

being a fully two-dimensional mode1, it would be a

significant improvement on the one dimensional model

where considerable simplificatj.ons are made when

modelling two stage channel f1ow. . It would also be an

improvement on the lateral velocity distribution

method, as it would permit changes in geometry

parallel to the direction of flow and would allow the

inclusion of structures and their associated effects

on the f1ow.

If such a model is developed successfully, it would be

applied initially to two sites, which would probably

be the sites where the lateral velocity distribution

method has already been applied (i.e the Severn at

Montford and the CuIm at Wood Mil I ) .

The next stage i-n development of computational

modelling of gauging sites would be to produce a two

4 L



dimensional nodel which would allow flow in two

dimensions in plan (i.e in the directions along the

channel and aeross the channel). A depth averaged

mean velocity would stil l be used and there would

be no flow in the vertical direction. Sorne work has

already been done on such a model under previous MAFF

sponsored research (Sanuels,  1985).  I t  is not,

however, proposed to further develop the model under

this project dur ing L9B9/9O.

5 EXPERIMENTAT

WORK

5.1 Introduct ion

E>rperimental work is to be carried out both in the

field and in the laboratory to investigate site

specific measures to improve flood flow estimation, in

co-operation with the Water Authorities. Sites are to

be selected where overbank flow occurs which are close

to well rated sections. Different methods of

estirnating flood discharge will be used at the

experimental sites, and the discharge recorded at the

rated section would be used as an overall check of the

total discharge at the ercperimental site.

The procedure for carrying out experimental work is as

follows

(a) Identify methods of estimating flood discharge

(b) ff new measuring equipment is proposed, carry out

laboratory trials prior to installation in the

f ield

(c) Select sui table si tes

(d) Carry out f ie ld tr ia ls
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5.2 E:rperinental

methods

These four stages are discussed in the following

Sect ions 5.2 -  5.5. E>cperimental  work on br idges and

rat ing curves is discussed in Sect ion 5.6.

A number of experimental methods are discussed in this

section, and the next stage in the study must be to

consider the practicality of these methods in further

de ta i l .

One consideration which became apparent frorn studying

gauged field data is the importance of estimating

discharge both in the main channel and on the flood

plain. The use of a bankfull main channel roughness

coefficient 'n-r may lead to eonsiderable error r.rhen
D

estimating main channel discharge above bankfull

level. It may be shown that the average difference

between rn,.f and the main channel roughness
D

coefficient shown on Table 6 for overbank flow is

about 2076 for the six sites where current metering

data is available.

Slope area method

The slope area method involves the measurement of the

water surface slope between two poi-nts in a river.

The discharge J.s calculated using, for example, the

Manning equat,ion, although it is necessary to estimate

roughness coef fi.cients .

Using this method to measure flood discharges would

require the installation of two maximum water leve1

gauges of the type shown in Figure 20. Ihe slope

would be calculated from the maximum levels recorded

at each gauge. It would also be necessary to survey a

r iver and f lood plain cross sect ion.
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If this method is applied to a new site it is

advisable to calibrate the site by current metering in

order to obtain a roughness coefficient for the main

channel, although the variation of roughness with

stage must also be taken into account. It would stil l

be necessary to estimate the flood plain roughness

when estimating flood discharges.

The data obtained using the method would be as

follows

(a) water surface slope (S)

(b) channel geometry, from which flow area (A), and

hydraulic radius (R) could be calculated

(c) roughness coefficient for main channel based on

calibration flow measurements

This data may be used to obtain discharge (Q) using,

for example, the Manning equation

where Int is the Manningrs roughness coefficient. A

method of applying the flow forrnula to compound cross

sections would stil l be required, and it would be

necessary to consider such methods as the division

1i.ne method, or the lateral velocity distribution

method.

A further difficulty of this nethod is that it would

not identify which parts of the floodplain are
Itact iverr ( i .e where water is f lowing),  and which parts

are "passiver '  ( i .e where water is not f lowing).

2 . 3  t . 2

o=.*
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The slope area method would be improved in conjunction

with computational modelling, because it would be

possible to incorporate nore geometrical data than a

single cross sect,ion. A computational nodel could

i.nclude as many cross sections as necessary to

reproduce the geonetry of the site. However, the

accuracy of the slope area method using a

computational model would stil l depend on the accuracy

of the representation of flow used by the model.

Phvsical  ef fects of f low to est imate veloci tv

If it was possible to estimate the maximum velocity of

flow at locations across the main channel and

floodplain, it would then be possi-ble to estimate the

maximum discharge by the velocity area method in

conjunction with a cross section survey and maximum

water 1eve1s. Maximum water levels could be recorded

using maximum water level gauges, and it nay be

possible to use a device which uses the physical

effects of flow to estimate velocity. Such a device

would have to be constructed and calibrated in a

laboratory, and some possibilities are as follows

(a) T1:e movement of a plate about an axis, as shown

on Figure 21. In this case, the plate is set

inside a post, mounted on the flood plain or in

the channel

(b) A pitot tube device in which the veloci.ty is

estimated from the difference between static

pressure and pressure in the moving fluid. It

may, however, be difficult to develop a device

which is sufficiently sensj-tive and robust

(c) Scour around the base of a post set in a sand

bed. I t  would be necessary to instal l  a vert ical

chain in the bed which would collaose as the hole
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was scoured. This would identify the maxirnum

depth of scour, as the hole may fil l up again as

the velocity drops. This type of device has been

considered before at HRL, but was thought to be a

rather insensitive method of measuring velocity

(d) Other ideas include tension in a wire attached to

a float, and force on a deforrnable object.

A11 these ideas would require protection against

damage by trash and vandalism. Any device in a river

channel must not form a hazard to navigation.

Float tracking

A laboratory technique for observing flow direction

and estimating velocity is float tracking. Floating

objects placed in the flow are photographed using a

ti:ned exposure, and the length of the trace of the

object on the photograph would be a measure of the

local velocity of flow. This could be used in

conjunction with water level gauges (preferably

continuously recording) and geometric data to estimate

discharge by the velocity area method. Ttre

requirement for overbead photography using, for

example, radio controlled aircraft may make this an

unacbeptably expensi.ve option, but it may be possible

to use this method at a constricted site where there

is a suitable observation point on high ground.

Floodplain measurement structures

The headloss through a hedge or a perforated waII, or

across a low weir such as a farm road, would give an

est,i-mate of the flood plain flow. Any such structure

across a flood plain wou1d, hovever, result in higher

upstream levels which may not be acceptable.

Accumulation of Lrash at a hedge or perforated va1l

would affect the accuracy of the results.



Permanentlv installed measurement equipment

The permanent installation of neasurement equipment at

several locations across the river and flood plain

could be used to provide a continuous record of

discharge during a flood. For example, current meters

set in posts could be used in conjunction with water

1evel recorders to obtain the discharge by the

velocity area method.

Use of sites where flow is constricted

A major difficulty with flood discharge estimation is

the problem of measuring flows on flood plains. If

sites can be identified where all the flow passes

through constricted areas, such as a combination of

bridges and culverts in an embankment, it may be

easier to obtain estimates of the total discharge.

Maximr:m water level gauges upstream and downstream

could be used to estimate the head loss at the

structure, and this in turn may be used to estimate

the discharge. Alternatively, current metering nay be

practical at constricted sites where the area to be

current metered. is relatively smaI1.

Difficulties with methods

A number of difficulties with methods have already

been identified above. Any field installation is

subject to damage or clogging by trash, and is also

liab1e to damage by vandalisn. Scour and siltation

also occur during floods and may seriously affect

channel sections, particularly in the vicinity of

bridges or culverts. Any measurement device in the

main channel must not form a hazatd to navigation.

Any equipment mounted in the main channel will require

inspection by boat, and access to equipment on the

flood plain may be dj-fficult during periods of
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5.3 Laboratory tests

5 .4 Sel-ect ion of

olperirnental

si tes

flooding. The whole question of staff safety must be

carefully considered in the selection and development

of field measurement methods.

If it is decided to e>4periment with new types of

measurement equipment, it would first be necessary to

construct and test such a device in the laboratory.

The first stage would be to construct the device,

which would be mounted in a flume and calibrated for a

range of velocities. Design and construction problems

would be overcome as far as possible at this stage.

E>c.periments on the effect of trash could then be

carried out, and suitable trash deflectors provided.

The effects of trash on the calibration of the device

would also be observed.

If the device has performed satisfactorily in the

laboratory, field trials could then be carried out.

A number of sites have been identified which may be

suitable for oqperinental vork followi.ng discussions

with the Water Authorities, as described in

S e c t i o n  3 .  L .

It is e>r.pected that only about two sites will be

required in order to concentrate efforts on obtaining

good field data. The primary requirement is for a

gauging station where reliable flow measurements are

taken during floods, and a suitable experimental site

exists close to the gauging site where overbank flow

occurs with reasonable regularity.

Co-operation with Water Authorities is essential, and

it would be desirable for Water Authority staff to be

actively involved in regular inspection of the



experimental equipment and keeping records. A

convenient location reasonably close to a Water

Authority eentre of operation may therefore be one

cri ter ion in the select ion of sui table si tes.

The following sites have been identified which may be

suitable for experi-mental work.

River Wev at Tilford (Surrey)

Thames Water gauging station 39011

Bankful l  discharge 37.5m3/s at stage 1.22m

There is a Crump weir at this site and a 100m wide

floodplain on the left bank. There is a good reach

downstream for experimental work where overbank flow

occurs fairly frequently. The weir drowns at high

fLows and the crest tappings block. The weir rating

has therefore been extended using Simpson's Method.

It would be necessary to check the extension of the

rating curve by current metering i-f this site was

used.

River Blackwater at Ower (Harnpshire)

Southern Water (Hampshi.re division) gauging station

420L4.

Bankful l  discharge 9.9m3ls at stage l .B0m.

Maximum recorded discharge 12.0m3 /s at stage 1.99m.

The Crump weir at this site is drowned at high flow

but the rating has been extended by current metering.

River Avon at Bathford (Avon)

Wessex Water (Bristol

5  30  18 .
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Avon division) gauging station



This is a natural channel site where flood flows are

contained by a single bridge arch and floodplain flow

is believed to occur upstream, although further

detai ls are required.

River Stour at Harnrnoon (Dorset)

l{essex Water Authority (Avon and Dorset division)

gauging station 43009.

Bankful l  discharge 80m3/s at stage 2.44m.

Maximum recorded discharge 151m3/s at stage 3.0m.

The compound Crump weir at this site is supplenented

by current metering from a bridge downstream.

Suitability as an experimental site requires further

investigation.

River Torridge at Torrington (Devon)

South West Water gauging station 50002.

Bankful l  discharge 187m3/s at stage 3.25m.

Maxinum recorded discharge 314m3/s at stage 4.07m.

This site is a natural section with a flood plain on

the left bank. The cableway extends over part of the

f lood plain to a bund.

Rj.ver Severn at Montford (Shropshire)

Severn Trent Water gauging station 54005.

Bankful l  diseharge 184m3/s at stage 4.6m.

Maximum recorded discharge 331m3/s at stage 6.09n.

The entire section including the river and two flood

plains is spanned by a cableway. This is therefore an
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excellent site for oq>erimental work. Eleven overbank

flow events have been recorded in the period l9B1 to

January 1988, approximately three events every two

years.

River Welland at Tixover (Leicestershire)

Anglian Water (Oundle division) gauging station 31005

This is a velocity atea flow gauging stati-on with a

well contained natural section. FIow goes out-of-bank

both upstream and downstream, and therefore this is a

promising experimental site.

River Kvm at Meagre Farm (Carnbridgeshire)

Anglian Water (Cambridge division) gauging station

3 3 0 1 2 .

Structure fu11 discharge 16m3/s at stage L.52n.

Bankfull discharge 49m3/s at stage 2.28m.

The compound weir at this site has a theoretical

rating curve for high discharges. This couLd be

useful experimental site if the rating curve was

confirmed by field measurements.

River Chelmer at Springfield (Essex)

Anglian Water (Colchester division) gauging station

37008

Bankful l  discharge L2.Qm1/s at sLage 1.10n.

Structure ful l  d ischarge B5m3/s at stage 2.05rn.

A11 flov is contained at the Essex weir at this site.

Overbank flow occurs upstream, and this appears to be

a very promising experi-mental site.
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River Elwv at Pont-v-Gwvddel or River Clwyd at

Pont-v-Cambwll (Clwyd)

Welsh Water (Northern division) gauging stations 66006

and 66001.

The flow is contained in a

plain at both these si tes,

relatively easy to measure

information is required on

experimental sites.

channel and narrow flood

and therefore it may be

flood discharge. Further

suitable nearby

River Ribble at Samlesburv (Lancashire)

North West Water (Warrington divj-sion) gauging station

7 1 0 0 1

High flows are contained at this site when overbank

flow occurs upstream and downstream. This appears

therefore to be a promising oqperimental site,

although further details are required.

River Coquet at Rothburw (Northumberland)

Northurnbrian water gauging station 22009

High flows are contai-ned at this site when overbank

flow occurs upstream and downstream. This appears

therefore to be a promising experimental site,

although further details are required.

It is proposed that the above twelve sites are

considered for experimental work. It should be

possible to eliminate some sites by further discussion

with Water Authorities. It would then be necessary

to visit the remaining sites with Water Authority

staff  in order to make the f inal  select ion. Asoects

) z



( c )

(d )

which rmrst be considered in approximate order of

importance are as follows:

(a) Frequency of overbank flow at the experimental

s i te .

(b) Quality of the experimental site.

Quality and accuracy of flow measurement at the

gauging site for high flows where overbank flow

occurs at the experimental site.

Level of co-operation which could be provided by

the Water Authorities.

(e) Accessi-bi l i ty.

Having selected rnethods to be used for the field

trials, and sites for the experimental work, it would

then be necessary to install equipment at the sites.

It is recorunended that checks on the calibrati.on of

rating structures at the sites are made by current

metering if a structure rating is to be used.

Locating field eguipment must take flooded outlines

and flood water 1eve1s into account. It is likely

that depths of flow on the flood plain r.ril l be 0.3rn or

less in many cases, and therefore any measurement

equipment rnrst be able to take readings at these low

depths.

It is hoped to i-nstall field equipment in readiness

for taking readings during winter 1989/90. This puts

an important constraint on the programne, as all

preparatory work including field installation should

be complete by the end of October 1989. Base data for

the site including water levels and discharge

measurement would be obtained from the associated

gauging stat.ion. When a flood occurs the gauging

5.5  F ie ld  t r ia ls
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5 .6 Structure and

bridge ratings

station staff would alert HRL, and arrangements would

be made between HRL and the Water Authority to

photograph the experimental site during the flood, and

obtain as much information as possible on the flood

flow. Additional current meterings may also be taken

to confirm the calibration of the rating structure for

high flows. After the event it will be necessary to

record data from the measurement equi-pment, re-set the

equipment, and repair any damage.

Rating curves for 1ow flow structures have often been

extended to estimate high flows either by rating

extrapolation, theoretical considerations or by

current metering from, for example, a nearby bridge.

Extensions of rating curve produced by these methods

are liab1e to result in errors in estimated

discharges. It would therefore be desirable to check

the rating curves by eurrent metering at high

discharges.

Some of the proposed e:qperimental sites have stage

discharge relationships which are based on extensions

to structure ratings of the types described above.

Current metering at these sites has already been

suggested in order to check the rating of the

structure. It may be possible to check the rating of

other structures at high flows, although it is likely

that resources provided by HRL for the project would

already be committed to experimental sites duri.ng

periods of high flows, and would therefore not be

available for this activity. It is therefore not

proposed to carry oul any further experimental work in

connection with structure ratings under this project.

During the forthcoming experimental progrartrne, it is

proposed to take the opportunity to discuss structure

and bridge/culvert ratings vith Water Authority staff.

5 4



FLOOD ROUTINC

Any avai lable data wi l l  be col lected and, i f  i t

appears worthwhile to do so, proposals wiII be made in

the future for further study of structure and bridge

ra t ings .

It nay be possible to estimate flood discharge by the

use of a catchment flood nodel. The method would

involve obtaining flow data from an upstream gauging

station and applying it to a flood routing model such

as the HRL package RIBAMAN, which is described i-n

Appendix 5. This would provide discharge estimates

for other locations in the catchment. It is proposed

to carry out er.perimental work on a catchnent with two

stations which are eapable of measuring high fIows.

Flow data from the upstream station would be fed into

the model, and predictions for the downstream station

would be compared with the recorded f1ow.

This method would require lateral inflow data for the

reach between the two gauging stations. Ttris would be

determined using FSR rainfall runoff methods (NERC,

1975), although it is well established that these

estimates are themselves subject to considerable error

(NERC,  t9B5) .

The usefulness of this method is lfunited by the amount

of input data required, including an upstream gauging

station and lateral inflow informat,ion. It is

therefore of limited value when compared to other

rnethods which require site specific data only, but it

may be useful in certain cases. It is therefore

proposed to apply this method at one site, in order to

work through the method and identify difficulti-es with

data  co l lec t ion ,  e tc .

It is proposed to select one of the seven routing

reaches listed in Table 7, fot applying for the flood

routing method. This would be done initially by
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7 PROPOSED

PROGRAMME

FOR 1989/90

consultation with the Water Authorities and inspection

of data, but it may be necessary to visit some of the

sites in order to make the final selection.

It is proposed to carry out the following items of

work under this project during 1989/90:

(a) Experimental work

- assess methods (Sect ion 5.2)
- laboratory tests on chosen methods (Section

s.3)
- select sites (probable maxjmum of two sites)

( S e c t i o n  5 . 4 )

-  f ie ld  t r ia ls  (Sec t ion  5 .5 )

(b) Computational modelling of gauging site

- apply computational river model to two sites

including the Culm at Wood MilI (Section

4 . 1 1 )  .

(c) Flood rout ing (Sect ion 6)

- apply catchment flood model to one site

fn addition, the following activities are consj.dered

desriable for improving the assessment of flood

discharge, but are not specificaldy included in the

proj  ect

(a) further data collection on overbank flow (Section

3.3) and bankful l  roughness coeff ic ients (Sect ion

4 . 8 )  .

(b) Further work on stage discharge curves

( S e c t i o n  4 . 2 )
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(c) Extension of structure ratings and bridge,/culvert

ra t ings  (Sec t ion  5 .6 )

A provisional programrne for L9B9/90 is shown on

Figure 22. The main emphasis in this prograrme is on

the development of field measurement equipment, but

provision is also made for the application of a

computational river model to two gauging stations, and

the computational flood routing model RIBAMAN to one

river catchment. The estinated cost of these studies

is as fol lows

Experimental work

Computational modelling of two gauging

stations

Computational flood routing model for

one catchment

"e

21  ,000

5 ,500

3 ,5oo

3 0 , 0 0 0

Clearly the oqperi:nental work is very open ended,

being cornpletely oqploratory in nature. It is not

proposed to start the computational modelling work

until after the installation of field equipment, when

the amount of money spent on equi.pment development

will be known. No provision is made in the above

costings for survey work and flow data collection for

the computational models, as it is assumed that this

will be provided by the Water Authorities concerned.

It is likely that additional topographic survey work

will be required. Clearly if the Water Authorities

are unable to carry out this work it would be

undert,aken by HRL using the research budget.

1. The main hydraulic problem associated with the

assessment of flood discharge is overbank flow.

CONCLUSIONS
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Estimates of f lood

occurs are l iable

discharge where overbank flow

to errors of 30% or more.

2 .

3 .

5 .

6 .

4 .

Flow data for sites where overbank flow occurs

have been obtained frorn Water Authorities.

Several analytical methods have been used to

estimate discharge where overbank flow occurs,

and compared to observed results. Vertical

division line method 2(b) and diagonal division

I ine method 2(c) (see Figure 4) gave the best

predictions for the simple methods tried. The

lateral velocity distribution method, currently

under development, is oqpected to give better

predict ions.

The accurate assessment of roughness par€rmeters,

part icular ly.on the f lood plain, is important in

the accurate assessment of flood discharge using

analytical methods and the slope area

ocperimental method.

Sites have been identified where experimental

work may be possi-ble. Sites have also been

identified for possible application of

computational flood routing models.

The proposed programme for future work includes

the following items:

(a) Development of field measurenent equipment,

and field trials at a maximr:m of two sites.

(b) Construction of computational models of two

flolr gauging stations.

(c) Construction of a flood routing model for

one ri-ver catchment.

) v
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SITE DATA

SITE : KINNERSLEY MANOR
RMR : MOLE
GAUGING STATION NTIMBER : 36369

WATER AUTHORITY : THAilES

BRIEF DESCRIPTION Concrete rectangular

Channel bed material :
Floodplain vegetation./topography :

sect ion at road br idge

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

Nr overbank points

6

Horley to Castle Mil l

YES

Y

,t

\Tr\

REMARKS

Flow measured at road bridge =
+ flow over road
No geometric data for site
Weir at Castle Mil1 takes very
adjacent ocperimental site.

flow in main channel + flow in side channel

high flows before overtopping, but no

DATA FOR OVERBAI.IK FLOW CALCULATION

SECT]ON
(looking downstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of rnain channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankfull discharge (stege 2.02n)
Maxi-mr.un recorded discharge (stage 2.88m)
Channel slope
Val1ey slope
Sinuosity (length of channel/length of valley)

t l l

h

913

B 1
B 2

1 7 . 8
5 0 . 2

I l

m! /s
mt /s
m/km
m/km
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SITE DATA

SITE : OWER
R]VER : BLACKWATER
GAUGING STATION NUMBER | 42014

WATER AUTHOR]TY : SOUTHERN
(HAMPSHIRE)

BRIEF DESCRIPTION Crump weir, drowned at high flow. Rating extended using
current metering.

Chennel bed material : Silty and
Floodplain vegetation./topography :

muddy. Copious veed grovth
Pasture; some trees; bushes on r iver
bank

SITE CATEGORY

Overbank flow rating
Structure rating with neerby floodplain
Flood routing reach

YES NO

{
{

Nr overbank points

t ,
a

REMARKS

Floodplain narrows towards road bridge (c 100rn downstream)
Current metering data available
Photographs

DATA FOR OVERBANK FLOW CALCULATION

SECTION
(looking downstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 1.Bm)
Maxirnum recorded discharge (stage 1.99m)
Channel slope
Valley slope
Sinuosity (length of channel/length of valley)

6m
1 .8  m

l 1  . 7  p l

0 .79  m
9 .9  m t / s

12  . 0  m3  / s
I . 52  m/kn
1.69 m/km
1 .11

8 1 1 4 m
8 2 4 0 m
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SITE DATA

SITE : WOOD MILL
R]VER : CULM
GAUGING STATION NUMBER : 45003

WATER AIJ:THORITY : SOUTH WEST

BRIEF DESCRIPTION Low flow weir with approx l00m flood plain on left bank.
Whole section current metered

Channel bed material : Sandy gravel. Extensive weed growth
Floodplain vegetat ion/topography :  Short  grass (pasture).  Tree l ined

stretches u/s and d/s. Topography gently
undulating

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YES NO

Y
r

Y
r

Y

Nr overbank points

27

REMARKS

371 gaugings
Manning's Inr r ises sl ight ly with stage for in-bank f low (possible aff lux
from road bridge 500m d/s)
Photographs
Max recorded stage 3.33m

DATA FOR OVERBAT{K FLOW CALCULATION

SECTION
(looking downstream)

Half width of main channel (b)
Bankfull depth of maln channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 2.09m)
Maxlmum recorded discharge (stage 2.73n)
Channel slope
Val1ey slope
Sinuosity (length of channel/length of valley)

* (64m to bund at level 2.62n)

10m
2 .3  m

31 g1z

I . 5 2  m
4 4  m 3 l s
99 mt  /s

2 .A6 m/km
2.LB m/km
1 .  0 6

8 1  1 0 0
8 3  1 1

m*
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SITE DATA

SITE : TORRINGTON
RIVER : TORRIDGE
GAUGING STATION NUMBER : 50002

WATER AUTHORITY : SOUTH WEST

BRIEF DESCRIPTION Natural section with approx 100m flood plain on left bank.
Whole section current metered

Channel bed material : Small stones to 0.3m diameter rocks
Floodplain vegetation,/topography : Pasture. Trees along river bank and

floodbank

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YTS NO

Y

,t

Nr overbank points

13

REMARKS

Maximum recorded stage
Cablevay across river

5 .76m (28 .12 .79 )
to flood bund at level 4.4n

DATA FOR OVERBAI{K FLOW CALCULATION

SECTION
(looking downstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of rnain channel at bankfull stege
Hydraulic radius of main channel at

bankfull stage
Bankful l  diseharge (stage 3.2n)
Maxin:um recorded discharge (stage 4.07m)
Channel slope
Val1ey slope
Sinuosity (length of channel/length of ve11ey)

* (42m to bund at l-evel 4.4m)

14 .  5
2 .8

71 .6

2 .4
187
314

1 .  39
L .52
1 .09

1n*
m

m 8 1
m B z
6 3

106
14 .5

m
m3/s
m!  / s
m/km
n/km
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SITE DATA

SITE : PRESTON
RIVER ! TEIGN
GAUGING STATI0N NUMBER : 46002

WATER AUTHORITY : SOUTH WEST

BRIEF DESCRIPTION Natural section. Site blpassed during floods on right
f lood plain (200m wide).  Veloci ty area f low gauging stat ion

Channel bed rnaterial : Sma1l gravel and sand
Floodplain vegetat ion/topography :  Pasture, a few fences, occasional bushes

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

Nr overbank points

5 (bypass flow measured)

YES NO

Y
r

Y

t

REMARKS

Highest recorded stage 3.15n. Photographs. Left  bank f lood plain reduced to
negligible proportj-ons by tipping, L979. Right bank flood plain separated from
river by local highspots. Therefore not a true overbank flow si-te.

DATA FOR OVERBAI'IK FLOW CALCULATION

SECTION
(looking downstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 2.63m)
Maximum recorded discharge (stage 2.84m)
Channel slope
Va1ley slope
Sinuoslty (length of channel/length of valley)

n 8 1
m B l
63

BO
t21

t l l

m t / s
m!./s
nolkm
n/km
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SITE DATA

SITE : MONTFORD
RIVER : SEVERN
GAUGING STATI0N NUMBER : 54005

WATER AUTHORITY I SEVERN TRENT

BRIEF DESCRIPTI0N Velocity area station. Cableway extends over channel
and both f loodplains (since 1985)

Channel bed material :
Sloodplain vegetation/topography : Grass covered

SITE CATEGORY

0verbank flow rating
Structure rating with nearby floodplain
Flood routing reach

Nr overbank points

37
{
,t

REMARKS

Excellent overbank flow si-te on
Cableway extended 65m including
Prone to weed growth in sunrner
Photograph

straight reach of r iver.
right bank flood plain only up to 1985.

DATA FOR OVERBANK FLOI{ CALCULATION

SECTION
(looking downstream)

HaIf width of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 4.6m)
Maximum recorded discharge (stage 6.09m)
Channel slope
Valley slope
Sinuosity (length of channel/length of valley)

19 .5

162

3 .41
184
331

0 .  195
0 .249

t . 28

m

ms /s
m ! / s
m/km
m/km

m
m

m 8 1
mBr
q13

BO
45
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SITE DATA

SITE : PENKRIDGE
RIVER : PENK
GAUGING STATION NIJMBER : 28053

WATER AUTHORITY : SEVERN TRENT

BRIEF DESCRIPTION Velocity area gauging station. Cableway spans main
channel

Channel bed roaterial : Alluvial with sand and gravels
Floodplain vegetation/topography : Grass, with trees lining right bank

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YES NO

,f
{
Y

Nr overbank points

1 n

REMARKS

Bridge 35m downstream
Current meter data indicates
Noticable difference between

cableway spans floodplains
sllmner and winter overbank

(total vidrh 40m)
ratings

DATA FOR OVERBA}IK FLOW CALCULATION

SECTION
(looking downstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 1.60m)
Maxj:num recorded discharge (stage 1.94m)
Channel slope
Val ley slope
Sinuosity (length of channel/length of valley)

7 . 5  m  8 1
1 . 8  m  8 2
1 8 . 3  m 2

1 . 1 3  m
1 6 .  B  m t  / s
3 2 . 8  m ! / s

1.5 m/km
L.7  m/km
1 .  1 3

22 .5m
L7m
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SITE DATA

SITE : NORTH MUSKHAM
RIVER : TRENT
GAUGING STATION NUMBER z 28022

WATER AUTHORITY : SEVERN TRENT

BRIEF DESCRIPTION Velocity area gauging station. Cableway covers main
channel and berm. Bypassing at high flows

Channel bed material : Fine gravel/a1Iuvial silts
Floodplain vegetation,/topography : Mainly grass. Some smal1 t,rees and bushes

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YES NO

{
{
{

Nr overbank points

35

RE}IARKS

Site vithin backwater of Cromwell weir, 1.3km downstream
300m wide floodplain on right bank. Flow occurs in floodplai-n outside cableway
above stage 3.34m approx
Photograph

DATA FOR OVERBAT{K FLOW CALCULATION

SECTION
(looking dolmstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydreulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 2.62n)
Maxirnr::n recorded discharge (stage 3.86m)
Channel slope
Va11ey slope
Sinuoslty (length of channel/length of va1ley)

3 6 m
5 . 6  m

321 lnr

4 . 3 6  m
392 m!,/s
B5B rn! /s

0.28 n/km
0.35 m/km
r .25

B 1 36nr
Bz 64m
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SITE DATA

SITE : SKELTON
RTVER : OUSE
GAUGING STAT]ON NITMBER I 27009

WATER AUTHORITY : YORKSHIRE

BRIEF DESCRIPTION Natural section with narrow berms spanned by cableway.
Floodbanks overtopped at high discharges

Channel bed material : Clay
Floodplain vegetation/topography : Grass with nunerous trees and bushes

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YES NO

{
{
{

Nr overbank points

L2

REMARKS

Berms very sma1I compared to main channel
Li-mited value as overbank flow site
Numerous photographs
Rapid increase in veloci-ty above bankfull leve1 which confounds all flow
estimation methods (also observed at North Muskham)
Flood bank 1eve1s approx 5.6m
Maximun estimated discharge 700rns/s (stage 6.41m)

DATA FOR OVERBA}TK FLOW CALCULATION

SECTION
(looking downstream)

HaIf width of rnain channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage 4.3m)
Maximurn record,ed diseharge (stage 5.39m)
Channel slope :
Valley slope
Sinuosity (length of channel/length of va1Iey)

27m
9 ,4  m

314  mz

5 .3  m
250 mt/s
437 mt/s

0.15 rnlkm
0.15 n/km
1

81 34m
Br  34m
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SITE DATA

SITE : MITFORD
RIVER : WANSBECK
GAUGING STATION NUMBER z 22007

WATER AUTHORITY : NORTHI]MBRIAN

BRIEF DESCRIPTION Low flow weir and cablevay

Channel bed material : Cobbles/silt
Floodplain vegetation/topography : Ri-ght bank :

bank. Left
at  recorder

grass with trees along
bank : grass upstream. Scrub
house

SITE CATEGORY

Overbank flow rating
Structure rating lrith nearby floodplain
Flood routing reach

YES NO

{
{
,{

Nr overbank points

I2

PJUARKS

Details of structure and site geometry available
Cableway 60m u/s of weir spans channel and part of floodplain
Therefore only part of floodplain flow measured.
Two sets of rat ing data (1968-69 and 1976 to date),  before and
construction. tatter set used
Photographs

(length 32rn)

after weir

DATA FOR OVERBANK FLOW CALCULATION

SECTION
(looking downstream)

Half wid,th of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage i.52m)
Maxfumrm recorded discharge (stage 2.7Ln)
Channel slope
Va11ey slope
Slnuosity (length of channel/length of valley)

1 0 . 5  m
1 . 8  m

36.  B  rnz

1 . 5 8  m
3 0 .  9  m t  / s

145 m!  /s
4 .35  n /km
4.76 n /km
1 . 0 9

81 25m
Bz 14nr
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SITE DATA

SITE : HAYDON BRIDGE
RIVER : SOUTH TYNE
GAUGING STATION NUMBER : 23004

WATER AUTHORITY : NORTHIJMBRIAN

BRIEF DESCRIPTION Cableway with low flow weir downstream. Namow berms

Channel bed material : Cobbles/boulders in sand matrix. Bedrock downstream
Floodplain vegetation/topography : Pasture. Some trees and bushes

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YES

{

NO Nr overbank points

-7

REMARKS

Low flow weir crest 1eve1
Details of structure and
Photographs

approx 0.22n (f lat-V)
site geometry available

DATA FOR OVERBA}IK FLOI{ CALCUTATION

SECTION
(looking dolrnstream)

Half vidth of rnain channel (b)
Bankfull depth of maln channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull st,age
Bankful l  discharge (stage L.27n)
Maximun recorded discharge (stage 3.13m)
Channel slope
Val1ey slope
Sinuosity (length of channel/length of valley)

I
A
.E

I

2 5 . 5  n
1 . 6  t n

74 p l

1 . 4 0  m
BB rnt /s

496 m! /s
2.9 m/km

m/km

B 1
B 3

41m
27m
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SITE DATA

SITE : LoW MooR
RIVER : TEES
GAUGING STATION NUMBER : 25009

WATER AUTHORITY : NORTHUMBRIAN

BRIEF DESCRIPTION Velocity area gauging site vith ford dorvnstream and low
f lov  cont ro l  ( f la t -V ,  c res t  0 .45  -  0 .8m)

Channel bed naterial : Gravel and sand
Floodplain vegetation,/topography : Grassed, with some trees (no scrub) on

right bank only

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

Nr overbank points

5

Broken Scar to Low Moor

yEs

{

{

NO

REMARKS

Cableway spans main channel.
flood bund overtops at about

metering in floodplain. North bankSome current
5 . 8 6 m

DATA FOR OVERBA}IK FLOW CALCULATION

I
A
L

I

SECTION
(looking downstream)

Half width of nain charurel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfuLl stage
Hydraulic radius of maln channel at

bankfull stage
Bankfull discharge (stage 4.27n)
Maxlmun recorded diseharge (stage 5.7m)
Channel slope
Va11ey slope
Sinuosity (length of channel/length of va11ey)

* (35m to bund at 5.86n)

27
L ?

206

3 . 5 5
268
401

0 .  7 3
0 . 8 2
l . 1 2

B5m*
70m

m 8 1
m 8 3
913

m
mt /s
m! /s
n/km
m/km
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SITE DATA

SITE : HAU},IOON
RIVER : STOUR
GAUGING STATION NUUBER : 43009

WATER AUTHORITY : WESSEX

BRIEF DESCRIPTION Compound Crump weir supplemented by current metering at
bridge downstream

Channel bed material :
Floodplain vegetation/topography :

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

vEs NO Nr overbank points

5

Throop to Harnrnoon

({)
({)
{

REI{ARKS

Considerable blockage to main channel flow caused
2.15 and 2.65, which would appear to affect rat ing
Site data available including maps and details of
Suitability as experimental site requires further

by bridge betveen levels

structure
investigation

DATA FOR OVERBAIIK FLOW CALCUTATION

SECTION
(looking downstream)

Half width of rnain channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankfull diseharge (stage 2.44n)
Maximum recorded dlscharge (stage 3.0m)
Channel slope
Valley slope
Sinuosity (length of channel/length of va11ey)

I

A
I

m

m

m 8 1
m B z
62

m
ml /s
mt  /s
n/km
n/kn

7T
151
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SITE DATA

SITE : YOXALL
RIVER : TRENT
GAUGING STATION NUMBER : 280L2

WATER AUTHORITY : SEVERN TRENT

BRIEF DESCRIPTION Velocity area gauging station with large right bank
f lood plain

Channel bed material : Gravels
Floodplain vegetation,/topography : Grass vith sorne bushes

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

(f)

Nr overbank points

4

RE},IARKS

Photograph. Cablevay gauges main channel. Site
culverts at Yoxal l  Br idge, 100n upstream. Total
gauged culvert flows. Main channel and culvert
bank  ( lever  2 .9m,  cons t ruc ted  1986-7) .  Poss ib le
1986*7. Stat ion prone to weed growth in sunrner.
s i t e

bypassed by flow through
flow = main channel +

flow separated by training
errors in rat ing pr ior i : r :

Not true overbank flow

DATA FOR OVERBANK FLOW CALCULATION

SECTION
(looklng downstream)

Half width of main channel (b)
Bankfull depth of main channel (h)
Area of main channel at bankfull stage
Hydraulic radius of nain channel at

bankfull stage
Bankful l  discharge (stage 2.4n)
Maximurn recorded discharge (stage m)
Channel slope
Val1ey slope
Sinuosity (length of channeL/length of va11ey)

l l l

lu

m 8 1
m 8 2
6r

t l l

mt /s
mt  /s
m/km
m/km
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SITE DATA

SITE : HAW BRIDGE
RIVER : SEVERN
GAUGING STATION NIIMBER : 54057

WATER AUTIIOR]TY : SEVERN TP€NT

BRIEI' DESCRIPTION Road bridge site. Water flows under and over road on
left bank during floods

Channel bed material 3
FloodpLain vegetation/topography :

SITE CATEGORY

Overbank flow rating
Structure rating with nearby floodplain
Flood routing reach

YES

Y

NO Nr overbank polnts

13
r

Y

J

REUARKS

No detai led site data avai lable at present

DATA FOR OVERBAI{K FLOW CALCULATION

SECTION
(looking downstream)

HaLf width of nrain channel (b)
Bankfull depth of maln channel (h)
Area of rnain channel at bankfull stage
Hydraulic radius of main channel at

bankfull stage
Bankful l  discharge (stage +.+m)
l{axlnr:n recorded dlscharge (stage 5.15m)
Channel slope
Valley slope
Slnuoslty (Iength of channel/length of valley)

approx 15
4

m 8 1
m B e
g12

tn

ml /s
m!  /s
m/km
m/km

200 m approx
30 m approx

400
585
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APPENDIX 2

Stage dlscharge curves plotted on log-Log paper
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APPENDIX 3

Example of discharge calculetion using division line method





A Cal.culation of llannings rrlr roughness coefficlent

for ln-bank fl.ows

A1. Manningrs Formula Q = Aftt3

a discharge

A flow area

R hydraulic radius

S water surface slope

n Mannings roughness coefficient

Rearranging : n

42. Select 3 or more in-bank river stages and obtain

corresponding discharges from the rating curve.

A3. Draw the water levels on the channel cross

sect ion and measure A and P (r+etted perimeter).

R = A / P

A4. Obtain S from Ordnance Survey maps by measuring

r]-ve r length between contours.

contour intervals-
river length between contours

45. Subsitute for A, R, S and Q in equat ion I  to

obtain fn '  for each vaLue of stage. Plot results

graphical ly.

A6. Manning's 'n '  for bankful l  condit ions 'nO' may be

obtained by repeating the above procedure for

bankfull river stage and dlscharge.

B Example of flow estimation using division line

method for overbank flow

Diagonal di.visi-on line method 2(c)

81. Draw r iver cross sect. ion



82. Select 3 or more overbank river stages and obtain

corresponding discharges from the rating curve.

The highest river stage chosen should be equal to

the highest stage where the discharge has been

recorded.

83. Calculate main channel slope S, by method given

step A4 above.

Calcu1ate f lood plain slope S,

( = e * r length of main chan-f "m ^ 'length of flood channel

In most cases considered in the study

S  =  S -
M I

because the f loodplain is a relat ively narrow

strip running paral1el vith the river.

84. Divide the r iver cross sect ion as fol lows for

each selected stage

ArI.o'k
I

0rrt{ttr.tr '
A .

t 2

A
l l l

wetted perimeter with 'n' - 'rb

wetted perimeter with 'n '  -  'n,

85. Measure A and P for the nain channel and

f loodplain for each selected stage

8 6 .  Q = % + Q f r + Q f ,

Subscript  ' rn '  refers to main channel,  I  f1 |  to

lef t  f loodplain and ' f2 '  to r ight f lood plain

A
t t -

?- 1



A  R  2 / 3  S t  r . z
m m m

%=
\

n'. = Manning's Inr at bankfull stage obtained
D

from A6 above

A
P  =  m t' h  ' P

m

R r a ' :  S o t ' z
Q "  = A .  !

t 1  J - 1  a f

P  2 / 3  q  1 . 2
t 2  r

Q.=A-- f . 7  
T  2  t f

n. = Est imated value of i lanning's rn'  for the
I

f loodplain

A .
R  =  l r /
" f  

r  
' P  

t

A .
R  =  t z l
' - f 2  ' P , -

L 2

Repeat procedure for all stages

87. Compare calculated values of Q with observed

value.

Percentage error = (*++*$ x 100 - 100q oDserveo





The SERC

APPENDIX 4

flood channel facl l i ty









APPENDIX 5

The RIBA],IAN flood routing model










