Wallingford

FLOOD DISCHARGE ASSESSMENT
Current UK Practice

A F Tagg BSc, MSc
P G Hollinrake BSc

Report No SR 111
February 1987

Registered Otfice:  Hy:. ulics Research Limited,
Wallinuford, Oxfordshize X110 3BA.
Telephone: 1391 3538 felox 818552






SUMMARY

Hydraulics Research Limited, funded by the Ministry of Agriculcture,
Fisheries and Food, are studying methods of improving flood discharge
assessment Wwith the co-operation of the Water Authorities of England and
Wales.

This interim report outlines the methods currently adopted by the Water
Authorities in measuring flood discharges and the uncertainties assoclated
with these measurements based on replies received by Bydraulics Research
Limited.

Proto-typical and experimental work 1is highlighted that confirms the need
for greater accuracy in flood flow measurement. A brief literature review
relating to flow measurement and flood discharges 1is listed.
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INTRODUCTION

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 primarily designed to
establish the quantity of water available for the
community. The provision of flood data 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%7 for in-bank flow conditions to 30% or more
for out-of-bank flood conditions. Uncertainties of
this magnitude can have a profound impact 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 inadequate with the benetfits of the

proposed scheme not being achieved.

Reporting upon the errors in Flood discharge

measurement the Wolf Report (1985) stated:

"A research programme 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 irexpensive and
effective and can possibly be applied atter the

event.

These recommendaciuvns formed the basis for th- pres-ent

study.



FLOOD DISCHARGE
ASSE3SMENT

The first step in the study was to write o all <he
Jater Authorities 1n Eny,.and and Wales, sce Appr: .dix
1. Their replies, contdined in Appendix 2, have
provided the baisic information on techaiques currently

in use to assess o>r measure flood discharges as we

report below.

The extrapolation of the rating curve for a gauging
site or rated section is the'method adopted most
frequently to assess flood discharge. The types of
rated section most commonly used including ctheir
advantages, disadvantages and approximate accuracy are

detailed in Table 1.



Rated Section

Structure -
weir, flume
etc.

Velocity -
Area

Slope - Area

Bridge
Arch/
Overspill
embankment

TABLE 1: Type of rated sectioun

Advantages

Discharge/water

level relationship

predictable
in-bank flows

Measurement of
in-bank and over-
bank flows.
Accurately
calibrated

flow meters used

Requires
measurement of
stage and cross-
section only

Stage
measurement
only
required

In a majority of cases the extrapolation has

Disadvantages

Discharge assessment

restricted to
flow in-bank

Dependent

upon type of
flow measuring
exercise can

be time consuminag
or influenced by
channel and flow
characteristics,
i.e. silet,
secondary flows,
vegetation

Requires uniform
channel section
and accurate
assessment of
channel roughness
and stage
measurement.

Non-standard
structures
calibrated
theoretically

- calibrated using
model

Approx

accuracy

+ 3-5%

* 5-107%
+ 15-207%
+ 20-30%
+ 5-10%
been

checked by an alternative means of determining the

flow other than applying a purely theoretical

extrapolation to the rating.

These checks take many

forms and indicate the diversity of methods emploved

in an attempt to determine flood flows.

howcver, be divided into two main categories,

term direct ard indirect methods.

They can,

which we

“{rect methods are objeczive, using instruments o>

scasure [low, <alibrate

rated sections.

Flows

or check the calibration of

are measured witain the



Measurement
method

Rotating
element current
meter

Electro-magn=atic
current meter

Laser Doppler
Anemometer

Electro-
magnetic
gauging method

Ultrasounic
gauging method

T~BLE 2:

boundary of natural =2ctions . r by
between artificially

of velocity menssure:.--nt are d-

Advantages

Simple design,
easily
replacable

Non-moving
reading head

Non-moving
reading head.
Very high
accuracy

Non-intrusive
in flow

Non—-intrusive
in flow

cailec

Methods oI velc. ity measurement

Disadvantages

Prone Zo damag=
or blockage by
debris

Calibration
stability dependent
upon size of
{nstrument.
Resolution dependent
upon application

Restricted to
laboratory use

Applicable to limited
channel width.
Accuracy dependent
upon calibration
method

Acoustic signal
influenced by
temperature
gradients,
secondary flow,
suspended solids.

coniivnla: he

construcc=d emban<ments.

flow
M2thods

i Tabl. 2.

ADPp Lox
aoecuracy

(.. at 0.03xz/s
;. at 0.10m/s
> 0.15a/s

It It 1k
2 U by

Fi=ld 300=V/la/s
Laboratory
1000 mV/lexm/s

+0.17%

+ 10%

Indirect methods of assessing extreme floods with the

exception of modelling,

are also based on observation

in that they rely upon measuring wrack levels after

the subsidence of a flood,

estimation,

surface debris velocity

or photographs of flooded extent. The

theoretical extrapolation of the rating curve for a

gauging site is essentially an indirect method, see

Table 3.



TABLE 3:

Method

Extrapolation of
existing rating

Visual estimation

Computational
modelling

Physical
modelling

Advantages

Channel dimensions
accurately surveyed
Use of measured
velocities of depths

Observations taken
from safe vaantage
point during flood
or in case of wrack

Methods of assessing extreme floods

Disadvantages Approx

accuracy

Reliant in a small
number of measured
flows. Mean
velocities or depths
used in calculations.
Ignores complex flow
interaction under
flood conditions.

#5-207%

Very subjective.
Visual assessment
of flow velocity
with associated

+15-307%

levels after flood. estimate of
position within

cross—section

Based on accurate
field data for in-
bank flows.
Extrapolation to
out of bank flows
using accurate
level data.

Most models
developed to
assess flood
discharges., one
dimensional

Assessment
difficult,
see below

Based on accurate
field data for in-
bank flows.
Extrapolation to
out of bank flows
using accurate
level data.

Models three
dimensional though
representation of
flow processes in
floodplains not
necessarily
proto-typical

Assessment
difricult,
see below

Assessing extreme flood discharges is difficult and
prone to.,error. Accurately measured flood discharge
{nformation is sparse but comparing these few da:a
with estimations based on extrapolations or visuil

astservations indicates tha: the error in dischar-=2

assessament ranges from 15-307%.

The enginecer using hoth ccmputational and prvsicil,

models of flood di- ‘harges, faces 1 differr - dile.ma.
Boch models accurat:ly represent ic-bank f. 5 lt-r
proving the model against fileld da:a Freq:eatliv,

hovwever, for out-of-bank flows the model discnarge for



a flood event disa. @ es with zhe proto-typical data

even though tie mol:zLl has be. 1 calibrated against
obse ved leve inf -mation.
A brief resurn f © - methodd .ogy empinyed 1 proving

mode.s wiil if.lustrece the difficulcy in resolving the
diffirences hatveen model and prototyre discharges for

floo' evenrs.

In respect or a physical model, onc2 a model has been
proved in-ban-, roughness to simulate flood plain
levels can geunerally only be added to represent local
reatures il.e. hodgerows. A computational model 1is
similarly proven in-bank. For out of bank flows the
calibrated channel roughness is unchanged and the
floodplain roughness and discharge coefficients, for
flow over the banks are adjusted to produce the levels
tor a given event. Hence the calibration parameters

depend upon the accuracy of the flood flow data.

It is when other flood flows are simulated that the
main difterences usually occur between the model and
field observations. However, as can be seen from
above there is little room for manoeuvre to
accommodate the differences once a model has been
proved. Consequently, whereas the accuracy of the
proto-typical in-bank data is generally beyond doubt
the accuracy of the out—-of-bank data must often be
questioned. It is this divergence between assessed
and predicted discharge values that identifies the
need to understand the flow processes involved in
flood discharges and to develop one more accurate

predictive method of assessing extreme floods.

Finally, Table 4 gives details of the methodology of
flood discharge assessment adopted by individual water
authorities along with an indication as to the

estimated error of flood discharge measurement values



and the number of gauging sites or rated sections that

are by-passed under flood conditions.

The Bibliography contains references relating to
British and International Standards methods of flow
measurement most frequently adopted in assessing flood

discharges.



TABLE 4:

~at-r
Auttority

Ang'llan Water
Colchester Division

Anglian Water
Norwich Division

Anglian Water
OQundle Division

Northumbrian Water

Severn Trent Water

Thames Water
Wessex Water
Avon & Dorset
Wessex Water

Bristol & Avon

Wessex Water
Somerset

Methods adopted by UK Water Authorities

Methods

Extrapolation ol gaug.:

rating. Theoretical
calibration of bank depression
as a rated spilliway using broad
crested weir analysis

Extrapolation ot gauged

ratings

Wrack levels
Velocity estimates
Photography

Comparison of discharge
Assessment with run-off
totals and peak discharge

rates from similar
catchments

Extrapolation of gauged

rating.

Examination of mean velocity/

stage relationship.

Estimated mean velocity
Applied to flood plain with
allowance for reduced
velocity outside main channel

Cableway metering

Ultrasonic technique
Flood control embankments

Current metering

Extrapolation of gauged

ratings.

Rating of bridge structures

Extrapolation of gauged rating.
Model rating by consultants

Flood flow gauging

Wrack, debris levels
Flood stage assessment

Educated guess

Error

207

I+

+ 15-20% at
peak stage

Problem
sites

23

Several

11

Several

15



FIELD AND
LABORATORY WORK
ON FLOOD
DISCHARGES

The problem facing Water Authorities in assessing
flood flows and for the consultants calibrating models
based on field data was demonstrated by the physical
model constructed to investigate the effect of the
proposed A46 Newark relief road on flooding, see
Hydraulics Research (1983). When proving this
parcticular model under flood conditions it was
necessary to increase the rated discharge of the River
Trent by 13% and a tributary, the River Devon, by
1347%.

The descrepancies in the original discharge estimates
were caused by structures which were no longer
operating under design conditions and to flows which
by-passed the structures under flood conditions. At
one of the structures the flow that by-passed 1t over
the floodplain had been assessed by visual inspection
of the flow width using binoculars. It {s the use of
such methods, often the only ones available at the
time, that can lead to large errors Iin flood discharge

assessment.

During major floods significant discharge occurs in
both the main channel and along the floodplain flows.
The effect of the interaction between these two
components of flow on the total discharge has been
identified in research work, Zheleznyakov 1965,

Ba i snnikov, Ivanov and Sc-<ciov 1971; Pasche, Zvers
and Rouve, 1983; Knignt, Vemetriou annd Hamed, 19t4.
Reseirrch work is continulng in an attempt to
understand the mechan -2 o7 ‘low iateraction ard
quancifty {its effect u ‘ng the Science and Engincering
Research Council Flood Charn2l Facility at Hydraulices

Reseorchh. As part of this ianvestigation a literature
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DEVELOPMENT OF
NEW METHODS

search irncto the flow structure of open channels was
ponsored by the Ministry of Agriculture, Fisherics
:nd Food inder the strar: gic research commissiorn. 134,
: Hydraulics Research L' .ited; see Holliarake,

987.

The development of one dimensional flood routing
models, such as cthtie Hydraulics Research Liaiced
FLUCOMP model of Samuels and Gray (1982) have
accommodated flood discharge prediction to some
extent, though some inconsistency still exists, Tagg
(1985). These inconslstencies are mainly due to the
description in the model of the interaction between
channel and flood plain flow and that the physics of
its change with stage and discharge is not bet fully
understood. Future developments using information
from the SERC Flood Channel Facility will enable
computational models to predict stage discharge

relacionship to a higher degree of accuracy.

The key objectives for any new method of assessing

flood discharge are that:

(a) the method can be applied after the event,

(b) no appreciable afflux is caused by the

method

(c) the method is cheap,

(d) the error in discharge assessment 1is not

greater than * 107%.

10
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1 Rausden Eaq Gur Ref : R/S/OUL12T
General Manager

Arglian Vater

Oundle Division

Morth Strect

OUKDLE,

PETLRBOROLGH

PES 4AS 28 QOctober 128

Dear !Nr Parsden
FLOCD DISCHADGE ASSESSMENT

I am currently engaged on a refearch project, eponsaored by UAFT,
whicbh 1s concerned with the assessxent of flood discherpes and the
effect this has on flood ratings aud the desipgn of flood
alleviation works. The sin of the project will be to produce
guldelines, for use in the Uk water industry, for the estirate or
areessnent of flood flows at gauglug rites {row dsta that can bLe
obtained after a flooc bas receded. There is ¢ need for such
guidelines because of the difficulty of gaupirp larze [lows,
especially when there is sulstantial flow on the flood plaje which
bypasses the recovding site.

One irportant aspect of the project will be to idantify the number
of gauginp sites where this problerm exists, and the procedures or
reasures currently used by water authorities, 1f any, to overccwe
it. I wvould, therefore, be srateful {f you could supply any
irformarion wlhich ray be relevant to this proiect; 1in particular,
if you have nites where guugling or assessine flood flows 1=
difficult or uncertain, and what riethods you employ to impreve the
estimation of discharge.

It will also be necessary to identffy aud set up suitable
evperimentnl sites which will be ronftored over seversl verrs, and
which will be used to tegt alternative wetliods of dlscharee
measure~cnt, In conjunction with 'ahoratory and corputaticual
models Lf tle same area. Your o-ouperaticn Le helpinug to idrntity
possible sites within your contro. will be nuch appreclavc .

I shall be huappy to provide vou with furth r inforrsticn on this
project 1f you reqgquire it, o5: U discuss sny of the poiiis ralsed
ab. e,

Yours sincerely

ANDRLW F TAGG
River Engineering Deparire
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TEES DIVISION

L)
°0 oon Northumbrian 44 ”f‘mfi -
ey Water "¢y ”"l"lillll!““”'

Stockion on Tees

TS17 0EQ

Telrphone Stockton (0647) 760216
Telex 587459 TEESWT - G

Your - . I
U‘”“?T&iégog]].sl[: This matter s baing n\ﬁf"ljsd'f?._by (JV,'; s
", 39Ctober 1986 el
O /\/ 2\, \""Av:\j.’--’.‘_; . /‘.
/ﬂ4;§ ey

('?;

Mr A F Tagg

River Engineering Department
Hydraulics Research Ltd
Wallingford,

Oxfordshire

0X10 BBA

Dear Mr Tagg
FLOOD DISCHARGE ASSESSHENT

Thank you for your letter of 28 October 1986 which I have forwarded
to Mr. P Johnson at Northumbrian Watershead office at:

Northumbria House
Regent Centre
Gosforth,

Newcastle upon Tyne
NE3 3PX

Mr Johnson as Head of Operations Investigations is responsible for
the river gauging stations in our area and the assessment of flood
flows. He is therefore in a better position to assist with the
information you request.

I wish you well with your work particularly as we have recently had
some difficulty in analysing the effects of a peak flow in the River
Tees.

Yours sincerely

(5;2-‘v*~(ﬁ14_kA\,JQTCHCL/\_‘

I MacMILLAN
Divisional Operations Manager

Providing rompreher.sive managesent of water, including watar resources nd supply, sewace services, pollulion ¢+ trol, nver
manage ot fishenes and recreat:on in the North East of England.

Dwisiona' 5eneral Manager: B H Smith



Angjiien Water

A4

. MARTTH FLDER  DPERATIONS MAN/AGEX Great Ouse House
. e . . Clarendon Road
\. /éﬁ CAMBRIDG - DIVISI ON Cambridge CB2 2BL
A D Tel: Cambridge (0223) €| 561
g 3 Our -f PMS/VMP/702/1
MR A F TAGG Vour Ref
RIVER ENGINEERING DEPSRTMAN]
HYDRAULICS RESEARCH LI1MITED This matter is
4ALLINGFORD beinzhandledby  p M goNES
IXFORDSHIRE pr—
0X10 8BA o T
BEIE A v o |
[ I ‘. el
2 Date! 31 OCTOBER' 198
” 3 . ~
“(3f40%12?rr
Dear Andrew } LCT RN
SRS .

[ SATTE RN,

FLOOD DISCHARGE ASSESGMINT
Thank you for your letter of 23 October 1986.

Ve are very lnterested in vour flood discharge assessment research project and
~ould like to cooperate with vour work. As you know from the Great Ouse Drainage
System Model project a few of our recording sites produce poor data during flood
2VEents.

I will prepare a comprenensive list of sites, problems and methods we currently
use to estimate discharyge and we could discuss the project when we neet on 11

November.

Yours sincerely

K Ao~ | \\T\) B
CA N C-\.f?\ ¥ & , T\B(/\_'\QJ'
? M SONES

SENIOR ENGINEER {(HYDROLOGY)
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Severn-Trent Water

Abelson House

2297 Coventry Road

Sheldon

Birmingham o

B26 3PU. ot T

Tebphone:02k7¢i42223 i
Telex: 33933&;, -

SEVERN TRENT WATER
)I,“I’OL/ [1{’);‘:',\ "

My Reference: RAB/PDW/411.01.12 (4399T) Your Reference:
- - . : "'-';1. PN
S0 Qo
3 Nov mkz%,g 1986 A
N [0V
F&s

Dear Mr Tagg

Hydraulics Research - Flood Discharge Assessment

Your letter of 28 QOctober has been passed to me for attention, because my
section deals with all surface water aspects of Severn-Trent's business. I
note that your aim is to produce guidelines on the methods of assessing
out-of-bank flood flows that bypass gauging stations.

We have a number of gauging stations where this takes place, although for
the stations constructed 1in the last 20 years we have endeavoured to
construct flood control embankments to ensure that flood flows pass through
a measuring reach underneath a substantial cableway.

I presume you have contacted the Institute of Hydrology who have records of
the construction of our gauging stations and notes provided on the
assessment of flood plain flows. .
You may know that we have already set up an experimental site on the river
Soar to measure flood plain flows by ultrasonic techniques. Jim Waters is
the Senior Resources Officer responsible for hydrometric measurements and he
will be able to provide you with further information.

In recent years we have carried out an extensive hydrological and hydraulic
exercise on flood flows which has been supervised by Dr John Ppirt, Senior
Resources Officer. We will be pleased to co-operate with your research
project and, 1in the first 1instance, will be able to advise you on an
informal basis, free of charge, If there is substantial effort required on
experimental sites or on further studies then our normal charging rates will
apply.

r
s
I hooe this information is h2lpful to you and will te pleased to discuss any
of the points with you.
Yours sincer=ly
i .
FZH ¢<f43>6x4,QJLtj

Or R A Bailevy

Princizcal - Sur“aca Wat: FPectoirces

O=partrent of “ochnical “:rvicos

{_*— j »Men telephoning or writing pleas ~sntact
A F Ta:g 3Zsc Dr R A Bailey Extn 2237
Riv-r Engin.>ring Dej arimen-
Hydrauvlics »-searcn
Waliingford



=== Anglian VWacer

Muler m Raymer OPER1TIONS 414N 15ER Yare Heuse,
o N 62-64 Thorpe Road,
NO 7ICH DIVISION Uopwich NR1 1SA
Tel: Norwich (0603) 615161

This matter 's

bein. handle oy D Crapman Cur Bof, DC/GNW/K192 /1 Your Ref
2 3 e e
) }’km NS (: ; IL;G_----\_
) izazf:; PC”S f F~5‘ﬂmz.?;Jhn£ED
! PR ER

A F Tageg 1 .

o ! G
River Engire<ring Department 13 NOV 1986
Hvdraulics BRusearch / e
Wallingfore CUVTEaED. OxoN
Oxfordshir- T e
0X10 8B4 11 November 1986

Dear Mr Tagg

Flood Discnzrge Asseciment

I thank you for your letter of 2 October 1986 addressed to Mr Buckley. -

A large number of gauging sites within this Division were installed with low
flow gauging particularly in mind and as a consequence a number of those sites
are bypassed by flood flows. Estimation of high flows at these sites relies
largely on rating curves, the detailed computations of which are left largely
hidden from everyday view. However, much of the detail of the analysis and the
assumptions on which these calculations are based are available on file and you
are welcome to examine these should you wish to do so.

I also have a number of stations 1in the Division which appear to me to be
particularly suitable as experimental sites and I would be delighted to
co-operate with any programme of monitoring you propose within the constraints
of available funding. Mr D J Watling heads the Divisions Hydrometry Section and
I have asked him to assist you with your researches wherever possible.
Meanwhile I look forward to your further correspondence in due course.

Yours sincerely

S J Hayman

Principal Engineer (Operations)



==7 ~ Anglian Water

Roy Pointer TECHNICAL MANAGER North Street,
Oundle,

OUNDLE DIVISION ; ) Peterborough,

PES8 4AS.

: br P Tel. Oundle (0832) 73701
s . Telefax Extn. 313

This matter is
being handled by Peter Stott Our Ref. PCS/JCS/SQZ 01 f 9 Your Ref. R/S/0013F
P ,\(\

embfﬁh}986 zgm}f*“ﬁwa'

;f?ﬁsMr. Andrew F. Tagg,

" River Engineering Dept.,
Hydraulics Research Ltd.,
WALLINGFORD,

Oxon. OX10 8BA.

Dear Mr. Tagg,

tlood Discharge Assessment

Thank you for your letter of 28th October 1986 addressed to Mr. Ramsden - who
has left Anglian Water. Peter Cotton is now the General Manager, and-he has

asked me to reply.

Tour project seems very useful and I hope that we can co-operate. I attach
annotated schedules of gauging sites, which I hope you will find helpful.
Any further information on your project would be very welcome.

Yours sincerely,

/ \»Q'p'é’/’a

Malcclm Gibb
Planning Engineer




HETHC. S 0i © SESSING 'LOCD DIECHARGES IN EXCESS OF GAUCING SiiTION CAP-:CITIES

urdle b Lvic on ident.fics “hr-=2 tyros of fluvial geauging sti.ion:-
1. SIS A welr

2 Fali-r ge welr

3. Frehd-1 ow river secticn

Lew f£low weirs typically measu:e less than 1 cumec. Thay are cvertoppsd at
nigner f.ows, and at bankfull -tz:ge cause no visible fall in water lev=l.

“uli-:arge weirs measure low f.o4s and flood flows, but can be by-passed in
flsods riore severe than, say, . In 5 years. A small numter of such stations
can gaure more severe floods.

rlood-~"low river section stations, two in number, Have permanent cableway
installations and measure up to at least the 1 in 25 year flood.

Ho att=ampn is made to assess flood flows at low flow weirs, and there has
heen nn ocrcasion since 1647 when a flood-flow river section staticn has
coen oDentorn, e oerforts are concentrated on estimating flood flows at
tull-rangs welirs.

Methods used are relatively crude. Wrack lines are identified and depths

of water assessed. Estimates of velocity are made from visual observations
or pnotographs ir available, and the by-passing discharge is calculated.
Usually, it is a small proportion of the gauged discharge. Cross-checks

are made by comparing the result with runoff totals and peak dischargé rates
from similar catchments.

Peter Stott
7th November 1986
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m) SeuthWest Yater

W/ PENINSULA HOUSE, RYDON IANE, EXETER, EX2 7HR. Tel: Exeter 1966¢

(D heb=="

Telax: 42604
Telerax: 3496
R.E. BraRDSALL

M.Sc., ~.Eng., M.I.C.E.,
M.I.W.E.S., F.I.P.H.E.
Regional Operations Planner When telephoning please ask tor:
Miss S Turner
Extn. 2512

Your Ref: R/S/0013F
Our Ref: SCT/8990/14/ST,SIB Pate: 13 November 1986

poietS (3 = S

6\ | Dear Mr Tagg

F1LOOD DISCHARGE ASSESSMENT

I refer to your letters dated 28 October 1986 to the Head of Engineering and
Operations and the Head of Environmental Services regarding the above.

We do have sites where the problems you are studying occur, however to even
outline them would produce lengthy dossiers. If you wish to pursue the
matter I suggest that you visit our Head Office and discuss the matter with
Miss S Turner, the Hydrametric and Measurement Engineer, who will make
relevant files and data available for you to peruse. I must point cut,
however, that we are extremely busy and would be unable to undertake any work
in addition to cur nommal monitoring, though we would be interested to be
kept appraised of your progress.

Yours sincerely

5 e

R E Beardsall
Regional Operations Planner

Mr A F Tagg

River Engineering Department -
Hydraulics Research Ltd

Wallingford

Oxfordshire (OX10 8BA



== Anglian Water

Peter Bullock Ambury Road, Huntingdon,

DIRECTOR OF TECHNICAL SERVICES Cambs. PE 18 6NZ
Tel. Huntingdon (0480) 56181

S X

This matter is _ : N
being handled by Our Ref.  AHB/AJC/SB/S 1 YourRef .-

b H
{
i
co NI R nyeens
12th November 1986 e . «wm-N-u“_m,u_m{
- 7’ =
75 (= PGS
T A.F.Tagg, Esqg.,
——~River Engineering Department,
Hydraulics Research,
Wallingford,
Oxfordshire 0X10 8BA.

1

Dear Mr Tagg,

Flood Discharge Assessment

Thank you for your letter of 28th October 1986. I apologise for the
delay in my reply which was occassioned by annual leave. The information
which you request will be available from our Divisions and this has been
requested. In principle we would be very pleased to assist/be concerned
with your research project and I hope I will be able to give you a
detailed reply to your letter at the beginning of December.

Yours sincerely,

Andrew Hunter-Blair
Principal Engineer Rivers — Strategy




Voessex Water

) Teiennor & -
A lrew F Taugg Esq , 10272 2078y
; Tel: <4423

“:ver Engireering Departm:at
Hvdraulics Research
WALLINGFORD

Oxon

0X10 8BA

V"ALUN(}FU[:D' nxXo g }
T — OPS/LT/2701/22

R/S/OCLCF

17 November 1986

Dear Mr Tagg

With reference to your letter of 28 October 1 enclose coples of restorses
from each of our 3 Divisions on the subject raised in your second

paragraph.

If you wish to use any of our sites for experimental purposes we shall be
pleased to co—operate.

I1f you have any further queries or wish to pursue any particular sites
further it would be convenlent if you would communicate directly with the

appropriate Division as follows:-—

M A Hillyer G M West
Div. Planning Engineer Div. Engineer (P & D)
Wessex Water Wessex Water
Bristol Avon Division Avon & Dorset Division
P 0 Box 95 2 Nuffield Road
Quay House Poole
The Ambury Dorset
Bath, BAl 2YP BH17 7RL
Tel. Bath (00225) 313500 Tel. (0202) 671144
B A Tinkler
Somerset Division
P O Box 9
King Square
Bridgwater
TA6 3EA

Tel. (0278) 457333

Yours sincerely
J A Tinkler

Operations & Land
Drainage Manager

33310/JAT/T



WESSEX WATER AUTHORITY

BRISTOL AVON DIVISION

Memorandum “V

To:

Datse: From:
J. A. Tinkler 6th November 1986 M. A. Hillyer
Wessex House Quay House

Pef: JIHP/MS/AZCCEB/N31 Tcur Ref: OF3/LD/S1ul/22

Subject: Flood Discharge Assessment

In reply to your memorandum of 30th October 1986, the information requested in
the second paragraph 1s as follows:

The majority of Bristol Avon Division's primary gauging structures were
constructed for low to medium flows only and were not rated for flood flows,

There are some 15 sites at which work is currently being undertaken to improve
high flow measurement. This work is in house hydraulic investigations and
hypothetical extensions of rating curves, the use of consultants for model
rating and the installation of cableways or bridges at gauging structures to
physically measure flood flows.

There 1s no reason why we should not offer one of our sites.

— 1 s‘«ﬂw Tmsjzwl (L FRowe)

Nivisicoral Plannpning F_‘v"g‘.ree*' P WWLA.
| Owuv 1986 %
1508m/JHP/T J A TINKLER B |
Fle Rafiiciininesinnes vesasese J

A BB20013 Bris:ol Avon Division



AVON & DORSET DIVISICH
w4A Memo Surject: fl-od discnh. 86-11-C* Tage

I3sued by:
275 JTINKLER/MARYJONES OPERATIONS

= WW.MWEST M WSST/3 GAL. . paz/2
~-- RECEIVED FECY WW.MWEST PLANNING & D=V 86-11-"5 13.
- WW.JTINKLER JTINXLER /MARY.ONES 275

Floo0d Discharge Assessmen:

I refer tc your memo of 20 Cctober raquesting informaticn :n
tre gaugiog sites which are bypassed at flood flows. We have
1 nunber of stations in our Division within this category:

liver Wylye at South Newton

liver Stour at Hammoon

2iver Stuur uil Throop

tiver Frome at East Stoke

tiver Frome at Dorchester

liver Avon at Upavon

liver Avon at East Mills, Fordingbridge

«t Hammoon and Throop high flow rating curves have been
19tablished by gauges taken off downstream bridges where the
tholse of the flow has. been confined. At other sites the
xiating stage/discharge curve has simply been sxtended at the
ame gradient; we have assumed that any flow bypassing the
itation 18 not significant.

see no reason why we cannot offer facilities for Andrew Tagg's
1periments as requested.

M West



FLOOD DISCHARGE ASSESSMENT

WESSEX WATER
SOMERSET DIVISION

Sixteen river gauging stations are currently operated where continuous
fow data 1s collected. Of thege, ten sitesare required to gauge flood
flows and eight of these are in regular use as real time flood warning
sites. All ten flood gauging sites have welr structures and are
calibrated for the full in~bank range. This has been achieved by
flood gauging using permanent cableways or from foot bridges.

Extension of gauging station ratings to include out of bank flow 1s
required at seven sites. However, only five sites have substantial
out of bank flows and are ildentified as being priority sites. Stage
18 recorded at all sites and can cover all. but catastrophlc events.
Timus asre in haud €o exiend the rating at two sites to iunciude filood
plain flow. Land surveys have been carried out and velocity profiles

will be measured when suitable events occur with a current meter.

Flood flows of past events have been assegsed by:
1) Chart/telemetry stage information for flood peak.

11) Post event inspection of debris, levels, rack marks etc to
assess the extent of flood plain flow, bypass flows.

111) Estimate of flow velocity by:
a) Gauging during event.
b) Educated guess.

There are three sites which may be suitable for study if Hydraulics

Research are interested and further details can be provided if
necessary.

L AUCOTT (HYDROLOGIST)
12 NOVEMBER 1986

W.W.A.
SEIVA ] I'IU(.)
J. A. TINKLER
Fila Refiiiiiiiiiicieaneevnens




Fé’:i—_? Anglian Wazer

John Sansbhy
OPEXATIONS “ANAGER

CCLCHLSTER DIVISION

matte: |

g hand 4 dbngr) Mr Dines
X;éﬁ)bj

-5

A.F. Tagg,

er Engineering Dept.,
raulics Research Ltd.,
lingford,

ordshire,

3 8Bt\-

Our Rel. S/ JC565-3

r Sir,

od Discharge Assessment

335hieper g

gu‘ch ster. ox, CO3 3LB
s e

(20~ 73345 T, 4
Fax (0. 06 6"/62 clex 1o

veo pi E.0/O013F

19 Nivenbar 1986

afer to your letter of 28 October 1986 and would be very interested in the
ome of your research project since the majority of the gauging stations
rated by this Division are subject to gauging problems under high flow
litions. 1 have attached an extract from a 1984 thesis which describes"
2fly the problems encountered and the attempts which are made to estimate
flood flows. The calculation of spillway flows present particular

ficulties, and estimates are frequently revised.

7ou wish to discuss this further or maybe visit the Division to examine

records please contact Mr Dines at this office.

's faithfully,

:ations Manager.



==F Anglian Water

Johin Sansby GPERATIONS MANAGER

COLCHESTER DIVISION

With Compliments

33 Sheepen Road,

Colchester, Essex, CO3 3LB
Phone (0206) 69171 Telex 98196
Fax (0206) 68401

2.7 River Filow Gauaing

Prior to 1960, & very limitsed emount of flow Qsuging was carried
out by the watser supply undertakings, As the principal aim of thass
meagurements was to datermine water resources, the gauging atations
were sltuated at tha lowar ends of the rivers. During the 1560's,
as m result of the Water Resources Act (1963), a mors detailed
network of gauging stations was sstablished by tha Esaax Rivaf
Authority. Again the principal purposs was water resource snslyais
end thia coupled with the genarelly flat terrain which causas tha
gauging structures to drown out easlly, means that there are very few
stations in the ares which will accurstsly gauge flood flows,

The full gauging network is shown in Figurs 2 and Teble 1 gives

cotails of the gauging limitas attached ts ssch station.

2.4 ULimitatlons of Fléu Mgasuremant Structures

All continuous flow meassurement 1n the Divisicn i8 carriesd out
by measuring the head over a contral structurs (wsir or flume) for
whizh the relationsnip betwesn upatream haad and flgu has been derived
frow: theoret!cal or expaerimantal ansiysis. Due to the flat topography
of the area, it has besen difficult - : design structurse which can
measure the nigher flows without unsa:captable effects on tha land

cra’nage upstosam, The mccuracy of 8 real time flcod forecasting



GAUGING NETWORK
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Table 1

GAUGING LIRITS .
Grid Catcnment  Moculer St?;;u:r nitZ"lan :w:ixi?:::
River Cauging station ares limit e 4 od P o ; Rezarks
ref (Km:) (m*/s) flow storage of gauging
s . 3
(m/3) * (m'/3) (m>/s)
Stour Brook Sturmer TL69S449 34.5 5.0 None 6 ? Pcoular lizit
Bumpstead Brook Broad Greesn TL689418 28.2 3.0 7.5. 7.5 8 vrcerialn cue to
raversal cccocurring
Stour Kedington TL708450 76.2 1.4 tlone 10 12 at hizn flovs
Vestmill TLB27463 224.5 20 9.0 16 33 SurTer coesibly
cifferent
Pccoular 11-1t

Lemarsh TL897358 477.8 6,0 None 45 4S provisiora! o.a to

lack cf caca

Langham TMO203¢44 578.0 full range 36.0 S5
Slem Glelmsfcrd TLB46472 37.3 4.8 9.0 8 14
Ched Brook Long Melford TLE6R4SS 47.4 full range 14.0 15 20
Jox Polstead TL98E5378 53.9 12.0 13.0 4 20 Pinicua crooning
jrett Cockfiala 11914525 25.7 10 facizazes fron

Casi13n R[ezzrot
Fore flcac gz2uging
Hedleigh TM025429 156.0 8.0 30.0 14 35 requires eiove
20/:3/53:
Jelchemp 8raok Barcfield Bridge TLB4B421 S58.6 full renge None 4.6 11.5 2::;:;:?“.':“
fsiirater “ro-

8 c €siicz2tex =
lomen 8aunstead E‘nuge TLS65205 £2.6 2.5 Dasign Sencrt
olne Poole Street TL?771364 65.0 6. 6.8 7 10

farls Colne 71855298 154.2 . None 9 15 -

T cossiol

Lexdan TL962261 238.2 12 16 12 40 ;r,:f___s“ Y

iv3czz fror

iollenc Brook "horpe lo Sokan TM179212 54.9 4.5 [uf N e ?

Design mezzcot
lant Cooford Hall TL66E313 £2.5 4.0 12 6 16
llackwatar Sristec TL752243 1335.2 5.0 Kone 10
Appleford 8-idgce TLB43158 247.1 8.0 20 16 30

. Drowns eaziy =.°
1 . :
rain Cuithavon valley TLE1B147 60.7 Full renge 18 7 20 Uith cini-a] = fe-:

er Cracb's 8ricge TL7E3:C7 71.56 3.0 hone 7 10
mplrer Cnorcn Inz TLEIS23D 77.5 £.0 S 13 1S

Felsteg TLE?Q3] 1220 5.2 one 9 11

Soringfialc TL2130M 150.3 Full range tvne 28
an faacn's il TL630372 ¢z2.8 2.C 30 25 13
1c Urittle TL556G€0 S25.3 Ful) rerzs 23 29
& Erice Sanzcn Brtuge TL7U82E5 634 C.e “one 10 13 Crours B30y




+

model is to a lergs extunt danerdanz cn t e ac-.racy of “ne data wa:ch
is ths basis of 1ta der.vation end opera‘lcn, 41t 1s tnagrefors
necsssary to inclucds hece & brie: scccunt o =33 of the problens
encountered in obtalning thess msasursrencs.

Although hesd dischargse relatlonshic. aova 2sen derived for -1l
measuring atructurss, this relationship brsaks down when the structurse
drowns out, Thia happens at a comparatlvely serly stags st many
gites in ECasax. furthermore, when bank-full corditions are reachac,
many stations ara bypsssed resulting in further uncertaintiss Iin the
flow estimatas. An extrsma sxample of these problams is shown In
fFigure 3.

(1) Drowning

A structure is said to be drownsd when ths levsl
downstream incrsases to such an extent that the
relationship batween upstream head and flow brsaks
down. for a given flow, the hsad nacsssary to force
that flow over the structure is increaasd by the nesd
to ocvercome the "backing up" sffect of the dounstream
water lsvel. Convarsely, for a civsen upstrsem head,
the flow under drowned conditions is less than would
be axpascted under mocdular flow conditions. The true
flow 18 obtained by spplying a percentage raduction,
which is derived from the downatreem head/upatream
head ratio, to the theorstical flow, An sxample of
8 drowning curve, which has bean derivsd from

expariment, is shown in Figurm 4.



Figure 3: Felsted Gauging Station

(i) Under low flow conditions

lUnder flood canditions

(13
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(11)

o11)

Empirical curves

In theory, the flow through the structure undar
drownsd conditions can very with both upatream and
downstream head, In prectics, however, as the welir
forms part of e river aystem, there is a rslationship
bestwsen upstrsam and downstrsam heed and thus a
relationship between upstream heed and flow, albaeit
different from and leas reliable than thas rslationship
for moduler flow. This fact has been used as ths
basis for the 'empirical' curves (Figure 5) by which
the ratings of the gauging stations have bsan extsndad
beyond the modular limit. Ths curves hava been
derived from field msasursmsnts, .

For archive purposes, it is desirable that ths
drowning curves be used to calculate ths flow sincs
variations in local conditions can affect the
relationship betwesn upstream and downstream hesds,
but for river moensgemant and flood warning purposes,
the empirical curvss offsr an approximats asspgamant
of flow (eg through the talemetry) et the time of tha

event when the downstresm level mey not be zvallable.

Splllway {lows

At some stations, tne flow bypassing the structure
at high flous is eatimatod uasing s reted ssiliwev,
These uauclly consist of a depreecsion ir the bark

which has besn calibrated thecretically ualng a croad
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crested weir type of analysis. The sccurscy of
this flow measursment cannot bs considered to be
greater than + 20% but would usually be leas than

about 10% of the total flow through the station,



APPENDTIX II

Table 1 : Gawging Station Characteristics

Gauging Station Mo:
Type of Station Crump Welr

Compound Crunp Welir

Flat Vee profile

Broad crested proiile
Sharp crested profile
Elume

Ott water level recorder
Fischer ana Porter punched
tape recorder

SE Shaft Encoder

1235 Dynamic Logic

(multifunctional}

Recording Equipment

530??@9%2@9

Table 2 : Summary of Gaugqing Station and Data Quality
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| Thames Water
(Drgl
& /Oéf Nugent House, Vastern Road,

Reading, Berkshire RG1 8D8B.

Date ' Telephone Direct Line Reading (0734) 593358
21st November, 1986 Switchboard Reading (0734) 593333

Telex 848054 TCDTWA G

- o Your Ref:
A. F. Tagg, Esg.. Our Ret: TS 2680/WDR/SJB
River Engineering Department, Please reply 10: Mr. Rylands

Hydraulics Research,

WALLINGFORD,
Oxfordshire. 0X10 8RA Q PN LINTED
- -~ ACCENED
25N0V 98¢
WaLLING=QRD, CXoN

Dear Mr. Tagg,

Your letter has Jjust been forwarded to me, and your project would
appear to be of great 1interest to us, as we have several gauging
stations where there are problems in measuring flood flows accurately.
I have enclosed a list of our gauging stations which contains an
indication of thelr suitability for flood gauging.

At present i1n the Thames area (the catchment as far downstream as
Teddington), the primary means of data collection is by charts,
although loggers are gradually being introduced. Almost all stations
that become non-modular in high flows are equipped with tail and/or
pressure tapping recorders. Non-modular flows are calculated
manually, and converted back to a non-modular level which is drawn on
the chart before processing.

When a weir becomes totally drowned with little, if any, drop in water
level over 1t, flow calculation becomes much more difficult. If the
channel downstream remains reasonably constant, then the rating can be
extended by current meter gauging of flood flows. Flow over the flood
plain can also be measured and taken into account, although, of
course, there may be a very large increase in flow for a very small
increase in head once the river is out of 1its channel. Examples of
this type of station are Kinnersley Manor on the Mole and Tilford on
the Wey. The Cherwell at Enslow never goes over the wing walls at the
weir, but does overflow upstream and bypass the weir through flood
arches in a railway embankment.

The problem with flood gauging is that 1t takes several vears to get
enough points to establish an extended rating, and there 1s .always a
possibility that conditions will change 1n that time.

taauglng stations on tributaries close to the confluence (e.g. Water
Zaton on the Rav and Meysey Hampton ~n the Marston Meysey Brook) are

affected w the backwater from *he main channel. At ‘these sites,
omparis :+ has to be made wit! neighbouring stations «nd rainfall
“lgures t try and ascertain which peaks are caused by flixd flows 1n

the river .nd which are the resul: of high levels in the main channel.

+ea “flice Nugent Fe_ = Va<arn Poac, Reacing, ©arkshire, RG1 80 Thame-s Witer Authonty. waler r@sources. it.2r management
~2turon conteol, flood alleviation, water sucply, sewerage,
~ o lreo'mant ang aisposal, fisheries 5 -1 re -2at o0,
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Thi. 1s rather problematic and so consideration 1s being c¢iven to
usi11g ultrasonic or electromagnetic ganging stailons at irportant
sit s,

Prcolems in the Lee area are much the same.  The Cripsey Brook and
Hia: Ongar are examples of stations which drown and go out or barks.
Flod flow measurement at the London gauging stations does rob apr=ar
to nave received very high priority in the past.

If you would like to discuss your [roject further, please contact me
and T will arrange a meeting with our Hydrometric Section.

wﬁ%ﬂme&o

W. D. RYLANDS

Fisod H\qdroloﬁ;br
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== Anglian \Water .

Mike Wakelin 0PERATIONS MANAGER P.O. Box 62.

Waterside North, -
LINCOLN DIVISION Daterside Nonh.

Tel: Lincoln (0522) 25221

Telex 56467

This matter is Fax Lincoln (0522) 44684

being handled by Our Ref Your Ref
MJIW/LC/H5 R/S0013F

27th November 1986

\%-._.“_
v \uu/*

I
RESESPio Limirgn |
Dear Mr Tagg r"‘:l ‘B0

2 8NOV 1986

—_——

Flood Discharge Assessment

Vs oo
Thank you for your letter dated 28th October 1986. \_{-_t"_"‘-" IR0, oxoN
i I

————

A copy of your letter has been received by our Regional Headquarters and
I have supplied certain information by that route. .

If you have not received this information already, then it should be with
you shortly.

Yours sincerely

AT Tag s sq
River Engiicering Department
Hydraulizs Research Ltd

Walllngferd
Ox:rdshir::
OoX . 8FA

€ -2+ g by, Geoiral Manzger, & 0 By 520 Wrerside Narth, Lincoln L2 SHEA. Tei: Lincoln (0322) 25231
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Petir Bullock Ambury Road, Huntingdon,
DI~ "TOR OF TEC HNICAL SEXV.CES | e, G¥Uimbsi PE 18 6NZ
ll Ny et T o——Tel Huntingdon (0+80) 56181
his matter is
esing handled by Onur Ref. Your Ref:

ABVIH SB/S

25th November, 1986

/\//f’ ) ZAS?;?Lﬂ)
_qé%7f70’——l .

=
Dear Mr. Tagg,

rlood Discharge Assessment

With reference to our previous correspondence on this topic, I
inderstand that you have already written direct to our Divisions
~equesting assistance with your research. I believe you will

lave received replies direct from them by now, to which I would -
1ave nothing further to add.

Yours sincerely,

Andrew Hunter Blair

Principal Engineer (Rivers)
Strategy

F. Tagg Esq.,
iver Engineering Department,
ydraulics Research,
allingford,
ton,
{10 8BA.
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Northy:- Houze, 2. .

PO Bon + Gortors Nor ihuml%::nan
Regent “entre, / t
Gostortr Water
Newcas!'2 upon Tyne ''EZ 3FX

Telephone: Goslorth ((:1) 284 215

Telex: 527419
P
Aour R _ - ‘
 Re! MS/AS A I
) Qur fe gO é»ﬁc:ﬁmber 186 This matte s beinb attenﬁ@mm‘xf,a{ :
 Daie o ovseem ’ Mr J M Storey : Ext 140’ !
I - ',:3:}\}?-' -
Mr A r Tagg \ -5 AN e :
River Engineering Department o
Hydraulics Res=arch Limited \Mjuiﬁﬁzqu
Wallingford e

Oxfordshire
0X10 8BA

Dear Mr Tagg
FLOOD DISCHARGE ASSESSMENT

Further to our recent telephone conversation regarding your research project,

[ am attaching details of gauging stations in this Authority's area for which
there is some uncertainty in the rating at higher discharges. This is due to
either a shortage of current meter gaugings at the relevant stages, significant
flow on the flood plain at high discharges or in some cases, a combination of
the two.

At present flood discharges are assessed at these stations by extrapolation of
the gauged rating and examination of the mean velocity/stage relationship.

Where there is significant flow on the flood plain the estimated mean velocity
is applied to the surveyed cross-section with some allowance made for reduced
velocity outside the main channel. It is recognised that these methods are not
fully satisfactory and I look forward with interest to receiving further details
of your proposed research in this important topic.

Yours sincerely

7

J M STOREY
Hydrometrics Co-ordinator

ENCL

Providing comprehensive management of water, including water resources and supply. sewage services, pollution control. river
management. fisheries and recreation in the North East ot England.

Chairman: Sir Michaet Straker CBE JP, Chief Executive and Deputy Chairman: W F Ridley,
Director of Finance: D G Cranston, Director of Operations and Works: N J Rutfte, Secretary and Solicitor: | R Cartwright



Stage at Highest recorded | Est.uncertainty
Station River bank - full stage at peak stage

Metres Metres o
Mitford Wansbeck 1.75 3.43 25
Haydon Bridge South Tyne 3.40 3.99 15
Bywell Tyne 5.40 5.9 15
Sunderland Bridge | Wear 1.6 3.0 25
Rutherford Bridge | Greta 1.52 2.86 30
Low Moor Tees 4.45 6.22 25
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