Thames Water
Rivers Division

KENNET VALLEY STUDY
READING - THEALE

Final Report
June 1987

SIR ALEXANDER GIBB & PARTNERS
in association with

INSTITUTE OF HYDROLOGY




Thames Water

° Rivers Division
KENNET VALLEY STUDY
. READING - THEALE
Final Report
o June 1987
° SIR ALEXANDER GIBB & PARTNERS

in association with
INSTITUTE OF HYDROLOGY




ELeLHL»0LQ

Erao0cnmge
HLorno-

SIR ALEXANDER GIBB & PARTNERS
CONSULTING ENGINEERS

. COATES
. COANEY
A BACH
HMURRAY

wOOo0s
€. RENT

vo@DPLIDPCI

PARTNERYS
98¢ FEas FICE M1iveucr FCIBSE FASCE
A FICE FiMgcal
$3¢ Dfur, FEwe FICE
8% fICE

HENNESSY wma FICE Fiwes
BALLARD wa FICE miwgy

A FICE

BOWCOCR wa FICE faSCt
F QAWSON 88c FICE MIPEMT FiMY
M. HMART

08e MICE Miw(y

CONBULTANTS

. DAVIE B3¢ FICL MiPEINT

., MEE 83c rick

. PAGE BSc FICE FEBim

TURNBULL FICE MASCE

. WILDEN FiCE FPiMgcnE
CARPENTER 8a ricet

. WQODFQRD 03¢ FICE FIWES FiPwE
M, RIHMMING RiBA EuM

Thames Water,
Rivers bivision,
Nugent House,
Vastern Road,
Reading,

Berks.

For the attention of Mr.

>

nOLLD2ID@LOROOOLD

SENIOR CONSULTANTS

. SCOTT ™M Ftas fiCcL ri®mENg
. NORAIS 7iCE rasce

[- B |

ASSQOCIATES
. CROW rFiim
0. PIRIE FuM
BRICE 8% NiCE
KNIOHT wa FiCE
KMOTT ®a miCE
MeCREIGHT wma rce
ALLEN 9%c FICE FIWED FiPuE
HARRIS WICE Finossl
BDRENT 88s ritt
TOMSON B3 MICE
CHAPLOW B%c PuD miGco,

Povo ot L gr

.St . H. COX B%0 MICE IS teper

A RELLEHER ricE
A, C. DAVIDOSON B3¢ MICE
F. C.QOSNEY FiStauctt PINT

Y. M HEPRPEZR MaA NCE minT mascE

G.P.G. Johnson

Dear Sirs,

of hydrometric measurements and historic floods.

KENNET VALLEY STUDY - READING - THEALE

FINAL REPORT

EARLEY HOUSE

427 LONDON ROAD
EARLEY

READING RGS 1BL
TELERHONE O734-81081 (18 LINES)
TELEORAME: OIBBOSORUM READING
TErex 848061

rax:. Gp O &4 I O734-84080

AND AT

78 BUCKINGHAM OATE

WESTHMINATER SwiE &8PE
TELEPHONE O1-222 8611 (2 LINES)

BPLEASE REFER TO

JBCL/WAE/B6680A

22nd June 1987

We have pleasure in enclosing six copies of the Final Report.

The methodology developed for the study represents an unusual
approach to flood studies which has been tailored to the available records

It has enabled an

evaluation to be made of the sensitivity of flooding to changes in flood

plain storage without recourse to mathematical modelling.

The techniques

developed for computing flood plain storage and modelling. the flood routing
may well be applicable to other catchments where similar evaluations are

required, particularly if more hydrometric data is available.

The computerised

calculation of storage volumes within the Kennet Valley may also be of use
in evaluvating the net changes resulting from development proposals.

that you regquire.

We shall be pleased to assist with any further investigations

If there is any matter that requires clarification

in this present report please do not hesitate to contact us.

for SIR ALEXA

Yours faithfully,

”,—f’

IBB & PARTNERS




KENNET VALLEY STUDY

FINAL REPORT

TABLE OF CONTENTS

EXECUTIVE SUMMARY

1,

INTRODUCTION

1.1 Objectives of the study
1.2 Methodology
1.3 Scope of the report

DATA BASE

2.1 Study area

2.2 Survey

2.3 Mapping and aerial photography
2.4 Flood records

2.5 Site reconnaissance

HYDROLOGY

Introduction
Catchment characteristics

Flood estimates for Kennet at Theale
Flocd estimates for Foudry at M4

Flood estimates to County Weir, Reading
Analysis of June 1971 event

analysis of March 1947 event

W wwwww www
W @D~ O b W

. Discussion
.10 Conclusion
FLOOD ENVELOPES

4.1  Approach

4.2 Storage during 1971 floocd
4.3 Storage for other events
4.4 changes in the flood plain
4.5 Flood envelopes

HISTORICAL DEVELOPMENT IN THE STUDY ARER

1 Review of planning documentation

2 Gravel extraction

.3 Waste dispesal and landfill

4 Residential and industrial development

Unit hydrograph analysis for Kennet at Theale

Page No.




Table of Contents continued/...

FUTURE POLICY TOWARDS DEVELOPMENT

6.1 Introduction

6.2 Principles of flood plain management
6.3 Changes in flood plain storage

6.4 Future policy

FLOOD ALLEVIATION

7.1 General

7.2 Gravel pits

7.3 Flood routing

7.4 Environment impact
7.5 Conclusions

8. CONCLUSIONS

8.1 Hydrology

8.2 Extent of the flood plain

8.3 Effect of development

8.4 Future policy towards development
8.5 Flood alleviation

8.6 Further studies

References

Annexe A& List of decumentation
Annexe B Report on 1971 flood
Annexe C Hydrology, Appendices 1 to 5




Table

Table
Table
Table
Table

2.1

Table 3.5

Table

Table 3

Table

Table

4.1

4.2

Table 4.3
Table 4.4
Table 4.5
Table 4.6

LIST OF TABLES

Flood Levels

Basic Catchment Information

FSR Catchment Characteristics

FSR Climate Characteristics

Nomenclature

Average and Low Flow Characteristics
Events Selected

Derivation of Standard Percentage Runoff
(SPR} values

Storage along the Kennet for the

1971 event

Storage in Foudry Brook flood

Plain in 1971

Steorage along the Kennet for the 1947 event
Flood Storage Elevation Curve

Infilling of the Flood Plain

Additional storage capacity from gravel pits




R L L

®
LIST OF FIGURES
L ] Figure 1.1 Study area 1 -2
Figure 1.2 Catchment area 1-3
Figqure 2.1 Plan of structures In pocket
Figure 2.2 Area of survey and cross sections In pocket
Figure 2.3 Extent of 1971 flood and recorded levels In pocket
@
Figure 3.1 Catchment plan 3 - 22
Figure 3.2 Soils 3 - 23
Figure 3.3 Principal urban areas 3 - 24
Figure 3.4 Gauged subcatchments of the Kennet 3 - 25
Figure 3.5 Comparison of Brimpton, Theale and Blake's Lock
® limnigraphs - June 1971 3-26
Fiqure 3.6 Unit hydrographs for Kennet at Theale 3 - 27
Figure 3.7 Flood frequency curves for Kennet at Theale
- statistical 3 - 28
Figure 3.8 Floed frequency curves for Kennet at Theale
‘ - adopted 3 - 29
@ Figure 3.9 Design Hydrographs - Kennet at Theale 3 - 29
| Figure 3.10 Flood frequency estimates -~ Foudry at M4 3 - 30
Figure 3.11 Design hydrographs - Foudry at M4 3 -30
Figure 3.12 Combined catchment to flood plain - inflow and
outflow 3 - 31
Figure 3.13 Inundation volume frequency - Kennet floed plain 3 - 31
L Figqure 3.14 Observed and simulated Theale flows - June 1971 3 - 32
Figure 3.15 Daily rainfalls (mm) - 10 June 1971 3 - 33
Figure 3.16 Notable 1, 2, 4 and 8 day rainfalls in the
Kennet catchment 3 - 34
Figure 4.1 1/5000 maps sheet 1 of 4 In pocket
® Figure 4.2 1/5000 maps sheet 2 of 4 In pocket
Figure 4.3 1/5000 maps sheet 3 of 4 In pocket
Figure 4.4  1/5000 maps sheet 4 of 4 In pocket
Figure 4.5 Flood envelopes 1/10000 In pocket
Figure 5.1 Gravel extraction and open water area Pull-out, back of
e report
Figure 5.2 Infilling after gravel extraction Pull-cut, back of
report
Figure 5.2 Kennet Valley Plan Proposals 5 - 4
Fiqure 5.4 Tarmac proposals for Holy Brook and Coley
Meadows 5-9
® Figure 5.5 Axiom 4 Development 5 - 12
Figure 5.6 ARC long tetrm proposals for study area 5 -~ 14
Figure 6.1 Flood plain zones - example 6 -5
Figure 6.2 Backwater analysis 6 - 10
® Figure 7.1  Flocod route through gravel pits 7-3
Figure 7.2 Diversion over weir 7-5
Figure 7.3 Modifications to hydrograph 7 -7
L




EXECUTIVE SUMMARY
1. OBJECTIVE

The study was commissioned to evaluate the sensitivity of flooding
to changes in flcod plain storage capacity within the Kennet valley between
Theale and Reading without recourse to mathematical modelling. The Brief
required flood envelopes to be produced for a range of return periods and
for consideration to be given to future policy with regard to management of

the flood plain in the light of known and anticipated developments.

2. DATA

The topography of the flood plain was surveyed in February 1987
using parallel cross sections at 250m intervals, approximately perpendicular

to the Rivers Kennet and Foudry Brook.

Records of flood levels within Reading are available as far back as
1894 but the only flood event for which a comprehensive data base is
available is that of 1971. This event was photographed from the air by
helicopter and surveyed on the ground. The flood level records show that
the downstream portion of the Kennet can be influenced by levels in the

River Thames.

The principal gauging station in the study area is that on the
Kennet at Theale, but at high flows gauging is affected by flows crossing
the adjoining flood plain and entering gravel pits upstream. There is no
gauging station on the Foudry Brook. Flow records through Reading itself

are not generally available because there is no fixed rating curve due to

the influence of the River Thames.




3. HYDROLOGY

Although the Kennet Valley is predominantly a chalk catchment (75%),
the flood response at Theale reflects primarily the non chalk component, the
majority of which lies within the catchment of the Enborne. Because of
this, a special unit hydrograph analysis of the Theale record was carried
out to derive inflow flood estimates, and reconciled with results obtained
using a statistical approach. Flood estimates for the Foudry, which is

ungauged, were based on catchment and climatic characteristics alone.

Flood estimates to County Weir, which need to take account of the
Kennet and the Foudry, were derived by applying a single design storm to the
entire catchment and routing the inflows through a simple model to take
account of flood plain storage. The model was calibrated from the 1971
flood event, and a frequency curve for peak outflows at County Weir derived.
The modelling also yielded estimates of the quantity of flocod water going

into storage for a range of return periods.

The 1871 flood is assessed tc have been a 50 year event at Theale
but more like a 35 year event at County Weir and in terms of flood plain
inundation. ©On the basis of a single gauging at Reading, the 1947 flood is
estimated to have been a 50 year event. The volumes stored in the study

flood plain area for different return periods are estimated to bes

Return Period Volume

2.33 year 2.0 Hm3
10 year 3.7 Hm3
50 year 5.2 Hm3
100 year 5.9 Hm3

Attenuation of flood peaks between Theale and Reading is about 24%

for events of return periods between 25 and 100 years.

(ii)




FLOOD ENVELOPES

The volume of water entering storage in the 1971 event was estimated
from the topographic survey and the record of flood levels. This was used
to calibrate the flood routing model and to derive a storage freguency
curve. The storage-elevation curve for flood surfaces parallel to the 1971

surface was estimated and used to locate the flood envelopes.

The conclusions are that a 1 in 100 year flood would attain levels
about 0.1 - 0.15m higher than in 1971 whilst a 1 in 10 year flood would be
0.15 - 0.2m lower. This does not apply to the downstream reach below Fobney
where the influence cf the River Thames can be the predominant factor in
determining flood levels. The flood envelopes are generally very close to
one another for return periods exceeding 10 years and it is the depth rather
than the extent of the flooding that varies because of the confined nature

of the topography.

Se DEVELOPMEKT IN THE FLOOD PLAIN

Historical changes within the flood plain have been reviewed. There
have been two major types of development, the first being large scale
extraction of gravels along the Valley and the creation of gravel lakes, and

the second infilling, principally within the Foudry flood plain.

Gravel extraction began in the 1940's and until recently most
excavations were returned to lakes. Of 620 ha for which permission for
gravel extraction has been granted, some 250 ha have been restored to water.

This is estimated to have added to the storage capacity by about 0.5 - 1.0

Mm3. Recent applications for extraction have tended to show restoration to

agriculture, with doming or ridge and furrow, for which the impact on
flooding is difficult to evaluate. Nevertheless the creation of gravel

lakes is planned to continue between Theale and Tyle Mill.




Infilling has occurred principally as a result of waste tipping and
mainly within the Foudry flood plain. This is estimated to have removed
nearly 1 Hm3 of storage volume relative to 1971 flood levels, and
significantly more relative to 1947 levels. The proposed Reading Business
Park would remove the majority of the remainder of the storage within the

Foudry flood plain which forms an integral part of the Kennet flood plain.

It is concluded that there has been a net loss in storage within the
Kennet Valley in recent years, with the additional volumes created by gravel

extraction failing to compensate for the loss in storage due to infilling.
6. FUTURE POLICY TOWARDS FLOOD PLAIN MANAGEMENT

In order to be able to develop an effective management policy for
the flood plain it is necessary to be able to evaluate on the one hand
substantial reductions in storage such as has occurred in the Foudry flood
plain and on the other hand proposed localised changes where the net change

might be small.

The study has demonstrated the importance of flood plain storage
within the Kennet system in attenuating flood peaks through Reading and
enabled estimates of the increased flow due to loss of storage to be made.
The study has not been able to evaluate with any accuracy the rise in water
level that would result from propcsed changes, whether they are substantial
or localised. The present criterion of maintaining storage on a level for
level basis is judged to be prudent on the grounds that it prevents
substitution of storage at a high level for that at a lower level, which
might reduce the attenuation of peak flows, and guards against a cumulative
loss of storage. The finding that the areal extent of flooding does not
vary substantially with the return period of the flocod limits the scope for
zening types of development within the flood plain and effectively confirms
the boundary of the 1971 flood as the area within which housing or office
development should not be permitted.

(iv)



Further refinement with regard to flood plain management could be
obtained by developing a mathematical model of the river system. However,
this would require a substantial investment in time and money which needs to

be weighed against the anticipated benefits.
7. FLOOD ALLEVIATION

An opportunity for providing some flood attenuation by routing the
flocd peak through four existing gravel lakes close to Theale has been
identified. Preliminary studies suggest that this could reduce a 1 in
50 year flood at Theale to below a 1 in 10 year flood at Reading although
this degree of reduction might not apply for more extreme events. Further

studies are required to evaluate this opportunity in detail.
8. FURTHER STUDIES
It is recommended that the following studies should be undertaken:
- hydraulic study of the Holy Brook to evaluate the scope for
improving channel capacity or varying the division of flows
between the Kennet and Holy Brook
- study of the consequences of increased water levels in Reading
and the interacticn with the Thames in order to better evaluate
the benefits of proceeding to mathematical modelling
- hydrometric monitoring of the Foudry and Kennet.
Other studies that warrant consideration are a more detailed survey
to determine flood envelopes more precisely along the housing developments

from Southcote to Beansheaf and a more detailed study of the possibility of

providing flcood alleviation.

(v)




®
® KENNET VALLEY STUDY
FINAL REPORT
PY CHAPTER 1
INTRODUCTION
L
1.1 OBJECTIVES OF THE STUDY.
The Terms of Reference for the study, as set out in letter
® C81/6/RBW/JAQ dated 19th November, 1986 from Thames Water, are as follows:
To determine the extent of the existing flood plain under a range of
conditions up to the June, 1971 flood.
®
To produce flood envelopes for rarer events up to the 1947 flood and
| determine the level of risk.
|
|
® To assess the effects of changes in the flood plain on flood risks
leocally and downstream.
To consider the reccommendations on the policy with regard to the
o future establishment and management of the flood plain in light of
known and anticipated developments including mainly gravel
extraction and reinstatement proposals.
® To provide information to permit some assessment to be made on the
need and implications of extending the study to mathematical
modelling.
o The study area extends from Tyle Mill Bridge, approximately 2 km

upstream of Theale, to County Lock (near the inner distribution ring road in
Reading) and is marked on Figure 1.1. The location of the study area within

the catchment area of the River Kennet is shown on Figure 1.2.
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1.2 METHODOLOGY

The methodology was developed bearing in mind the objective that the
study should evaluate the sensitivity of flooding to changes in flood plain
storage capacity without recourse to mathematical modelling. Should such
modelling prove necessary, then the value of the present study would reside
in providing the necessary data base for it to be carried out. The
methodology employed covers three principal topics namely hydrology, floed
plain storage and the extent and influence of development in the flood

plain.

1.2.1 Hydrology

The first objective of the hydrological analysis was to estimate

design flood hydrographs of different return periods.

It was also the intention at the outset of the study to develop a
simplified model that could be used to provide quantitative information on
the effects of changes in flood plain storage on the alteration or shape of
floods of different return periods. It was hoped that it would be possible
to calibrate a simplified flood routing model by using :

(i) gauged inflows at Theale for the 1971 flood

(ii) estimated outflows at County Lock for the 1971 flood

(iii) flood plain storage derived from topographical survey and
recorded

1971 flood levels

The inflow and outflow hydrographs would enable an estimate of flood
volume going into storage to bhe made which could be compared with (iii)
above. Unfortunately, this did not prove possible as there is no unigue
stage discharge relationship at County Lock or Blake's Lock due to the
influence of the Thames so that it was not possible to reconstitute an

outflow hydrograph.
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A revised approach has been developed using a 'lag and route'

modelling method to simulate the volume of the flood going into storage.

1.2.2 Flood Plain Storage

An important factor in estimating the sensitivity of flooding to
changes in floed plain storage capacity is some knowledge of the global
storage capacity available under a range of flecods of different return
periods. BA survey contract was let to provide the basic topographic
information necessary to undertake this task. The record of the flocod water
surface profile for the 1971 floed has been used to estimate the volume that
went into storage for this important event. The sensitivity of storage to
parallel water surfaces above and below the 1971 profile has also bheen
tested.

1.2.3 Extent and influence of development in the flood plain

The study area has undergone a transformation cver the last forty
years as a result of large scale gravel extraction activities and the
increasing demand for land arising from expansion of Reading and Theale.
These changes have been documented to provide an historical perspective and

plans for future development have been assessed.

The impact of future specific developments that might alter the
characteristics of the storage elevation curve have been examined and future

policies with respect to management of the flood plain advanced in the light

of the flood envelcpes for different return periods.




SCOPE OF THE REPORT

The structure of the report reflects the methodology cutlined above.
The information collected to form the data base for the study, such as
surveys and flood records, is reviewed in Chapter 2, and the results of the
hydrological analysis are presented in Chapter 3. Estimates of storage in
the flood plain for the 1971 event are derived in Chapter 4, together with
the variation in storage for higher and lower flood profiles, and an
estimate of flood plain storage lost as a result of development. Flood

envelopes for different return pericds are developed from this information

Historical developments within the flood plain are reviewed in
Chapter 5 and pelicies with regard to future development advanced in Chapter
& in the light of the flood envelopes developed for different return
periods. An assessment of the effect of local changes in flood plain

storage characteristics is also given.

Whilst the study of flood alleviation measures does fall within the
terms of reference, certain opportunities have been identified and these are
reported on in Chapter 7. The conclusions of the study together with
recommendations concerning the need for further studies are presented in
Chapter 8.
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CHAPTER 2

DATA BASE

The present chapter aims to summarise the information available for
the study in terms of survey, mapping and aerial photography and flcod
records. A description of the study area and the results of the site
reconnaissance undertaken are also given. The data base used for the
hydrological analysis is given in Chapter 3. A list of the documentation

and information used is given in Annexe A.

2.1 STUDY AREA

The study area extends some 11 km from Tyle Mill to County Lock and
over this stretch the normal water level of the river Kennet falls from 47m
to 37m A.0.D. The river meanders on a bed of alluvium underlain by valley
gravels which overlie chalk, and the flood plain is generally slightly less
than 1km wide although widening t¢ 2 km close to the confluence with the
Foudry Brook at the downstream end. The flood plain is negligible in extent
at the entrance to Reading where the Kennet has cut steep-sided channels

through the Reading Beds at Coley just upstream of County Lock.

The exploitation of gravel deposits has changed the appearance of

the flcod plain over large areas due to the creation of gravel pits.

2.2.2 Rivers and hydraulic structures

The structures in the study area are shown on Fig. 2.1.




The Kennet divides into two channels just upstream of the M4
motorway at the Arrow Head sluices. Less than two fifths of the flow enters
the Holy Brock which runs parallel to the Kennet about half a kilometre to
the north. A high proportion of the flow in the Holy Brook returns to the
Kennet at Coley Weir, half a kilometre upstream of County Lock, with the
remainder flowing through culverts under Reading and returning to the Kennet

just upstream of Blake's Lock.

The Holy Brook was diverted in order to supply water to Reading
Abbey from a point close to Southcote and now runs in an artificial channel
alongside Coley and through the centre of Reading. This is recorded in the

following extract from Kennet Country:

rAccording to a deposition of 1596 'the Hallowed Brook taketh hedde
at the lower end of a mead called the Theale Mead and endeth at the West
side of the Orte bridge and runneth into a great stream called Kennet'. It
had been "diverted out of the said river to the weir not far from Scuthcote

House at Hadsey ditch*'“

The Kennet is joined by a tributary, the Foudry Brook, just
downstream of Fobney. The Foudry flows northwards under the M4 and has an
extensive flood plain about 1.5 km wide between the M4 and the confluence
with the Kennet. The Reading Sewage Treatment Works discharges treated

effluent into the Foudry Brook just upstream of the confluence.

One further stream bed that is worthy of mention is the Draper's
Osier Bed Stream which is fed by a weir on the main Kennet at Sulhampstead

and rejoins the river just downstream of Sheffield Mill.




The relatively steep gradient of the river was harnessed in the past
to develop a series of mills at Tyle Mill, Sheffield Mill, Burghfield and
Calcot. The construction of weirs at these locations to obtain the
necessary head necessitated the provision of locks when the Kennet and Avon
Canal was constructed in order to bypass them. There are as a result three
channels at these sections namely, the main river course, the mill race and
the bypass canal. There are also locks to bypass the weirs at Southcote and
Fobney; a new labyrinth weir has recently been constructed at the latter
location to maintain a more constant water level at the Fobney water supply

intake.

The hydraulics of the river system between Tyle Mill and County Weir
is therefore complex, with five sets of weirs and locks on the main Kennet,
the division of flows between the Holy Brook and the Kennet, and the
confluence with the Foudry Brook. This has been further complicated by the
excavation of a number of large gravel pits close to the river which
interact hydraulically with the river through the gravels, some of which are
liable to flood.

2.1.3 Development

Extensive development has taken place in the flood plain over a long
period of time including railways, roads, gravel extraction, waste filling
and building all of which tend to restrict flow routes. Three railway
embankments divide the flood plain into sections. The Reading to Newbury
line runs within the flood plain on the northern side crossing the Holy
Brook in four places, while the Reading to Basingstoke line runs north-south
across the floeod plain midway between Fobney and Southcote. The o©0ld Coley

branch line also crosses the Holy Brook in the Fobney Meadows.

Four roads traverse the flcod plain, namely a minor road between
Sheffield Bottom and Theale, the M4 just downstream of .Theale, the
Burghfield Road linking Southcote to Burghfield and Rose Kiln Lane in the

downstream reach linking Berkeley Avenue to the Basingstoke Reoad.




The gravels in the valley have been exploited since the 1940s,
altering dramatically the landscape where the restoration has been to lakes;
nearly 600ha of land has received planning permission for gravel extraction
of which about two-thirds has been excavated and 250ha returned to water.
In recent years the growth of Reading and Theale has also resulted in
increasing pressure for development within the flood plain for water supply
facilities, sewage works, waste disposal, housing and industrial

development.

2.2 SURVEY

2.2.1 Study Survey

A survey of the flood plain within the study area was undertaken in
February 1987 in accordance with a drawing prepared by Gibb that is
reproduced as Fig. 2.2. The extent of this survey was fixed largely by the
limits of the 1971 flood. Cross secticns were taken at 250m intervals with
spot heights every 100m or less where necessary adequately to describe the
topography. The specification for the survey was prepared by THAMES in

order to conform with their standard procedures.

The objective of the survey was to enable the volume of storage
within the flood plain to be assessed. It is unlikely to be detailed enough
for a mathematical hydraulic modelling exercise, but it was judged that the
additional expenditure in time and money that would be required for this
could not be justified. Detailed surveys of individual areas of land have,
however, been carried out by gravel companies and developers in the course

of the preparation of their planning proposals.

The results of the survey were plotted by THAMES on 1/2500 maps and

cross sections provided using computerised methods.




2.2.2 Survey of the river channel

A survey of the river channels of the Kennet, Holy Brook, and Foudry
Brook was undertaken in 1975 by Rofe Kennard and Lapworth (RKL) and the

results are recorded on the following drawings:

Kennet 967/103/A/1/1 - 29

967/103/A/1/1 - 36
Holy Brook 967/111/0/1/1 - 31
Foudry Brook 967/106/0/1/1 - 2

The drawings include:

plans of the area at 1/2500 scale

longitudinal sections at 1/10 000 scale

cross sections at 100m intervals along the rivers at 1/100
scale; the datum for these sections is the water level in the
river which was recorded on that particular day.

details of the structures (bridges, weirs, locks, etc) along the

rivers.

A note was found on these drawings to the effect that anomalies had
been noted and that they should be used with caution. The levels of the
river banks were therefore checked against the results of the recent survey.
An exact comparison is impossible because the survey cross sections are not
coincident and the levels on the RKL survey had to be scaled from the
recorded water surface; the levels are nevertheless generally in agreement

to + 0.2m.

A recent survey of the river channel between Blake's Lock and the
Reading Sewage treatment works was undertaken for the laying of the new

sewage main in the river channel between these points.




2.3 MAPPIRG AND AERIAL PHOTOGRAPHY

Ordnance Survey maps of the entire area are available at scales of
1/10 000 and 1/2500 and the part of the area nearest Reading is available at
1/1250. The 1/10 000 maps have contours at 5m intervals but there are no
contours on the 1/2500 series. Both series are substantially out of date
because of the changes wrought by the gravel workings over the last few

years.

Aerial photographs at a scale of 1/10 000 are flown every five years
by Berkshire County Council. The most recent series was flown in November
1986 and colour copies have been obtained by THAMES. A copy of the 1981
series is also available and photocopies of the 1947 and 1971 series have
alsc been obtained in order to identify the changes that have taken place

within the flood plain.

2.4 FLOOD RECORDS

2.4.1 Flood Levels

THAMES possess records of flood levels downstream of Burghfield

bridge as far back as 1894. These are reproduced in Table 2.1.
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The records show the three worst floods over the last century to
have been those of 1894, 1947 and 197i. The 1894 flood would appear to have
been the highest but unfortunately there is very little information
available for it. A comparison between the 1871 and 1947 floods shows the
1947 flood to have been more severe close to the confluence with the Thames
but the 1971 flood to have reached higher levels at Burghfield Bridge. The
reason for this is that the 1947 flood included rapid snow-melt which
affected both the Thames and the Kennet whereas the 1971 flood resulted from

very heavy rainfall centred over the Kennet catchment.
a2 longitudinal section of the River Kennet and the 1971 flood levels
recorded along the river are given in Figure 2.1 together with the river

bank levels.

2.4.2 Extent of the flooding

The 1971 flood is well documented as the extent of the flood was
surveyed from a helicopter approximately 10 hours after the flood peak was
recorded at Theale as well as from the ground. A report on the flood is
given in Annexe B and the area flooded is shown on Figure 2.3. This also
shows flood levels recorded cover the flooded area; these were predominantly

at head and tail of control structures.

2.5 SITE RECONNAISSANCE

A reconnaissance of the whole length and breadth of the study area
was made to visit the hydraulic structures, walk the river banks, study the
topography of the flood plain and examine flow routes. This enabled the
flow routes observed during the 1971 event to be confirmed and these are
summarised below for the three lengths Tyle Mill to Burghfield, Burghfield
to Fobney and Fobney to County Lock.




2.5.1 Tyle Mill to Burghfield

The flood plain extends for about half a kilometre on either side of
the river as far as Theale, but from Theale to Burghfield is concentrated on
the left bank. A series of gravel pits have been excavated along this
stretch-. A large drain 5 to 10m wide runs from Ford Bridge at Tyle Mill to
join the right bank of the Kennet just upstream of Theale. This drain is
partly fed by a small diversion weir off the Kennet and Avon canal at Tyle
Mill and flows between the Woolwich Green East and West Lakes. There is
hydraulic connection from the drain into the East Lake via a 300mm pipe,
with a differenqe in level between the drain and the lake of 0.5m toc 1.0m

under normal conditions

A flow route observed during 1971 was across the Woolwich Green East
and West Lakes over the Theale Rocad, and into Theale Lake. Since 1971,
Hosehill Farm has been excavated and culverts now direct water from Woclwich
Green East Lake into Hosehill Farm and from there into Theale Lake., &
culvert under the M4 directs water from Theale Lake into Wellman's Farm
lake, and an overflow welr allows water from the latter to spill back into
the Kennet via the Clayhill Brook. The levels in the four lakes - Woolwich
Green East, Hosehill Farm, Theale and Wellman's Farm - are therefore

controlled by culverts or weirs.

It was noted that during the flocd of the 27th March 1987, for which
the peak flow at Theale was 24m3/s, the level in Theale Lake appeared to
have risen by about 0.2m. This may have been due to the gate on the cutlet
culvert having been closed, as it was only partially open when observed on
29th March. The lake is held artifically high by a small cofferdam of

sandbags that has been constructed in front of the intake.

2.5.2 Burghfield to Fobney

The Kennet divides into the Holy Brook and Kennet just upstream of
Burghfield and from this point to Fobney the main flood plain comprises the

area between the two rivers, which is about 0.5 km wide.
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The excavation of the Searle's Farm Lake has substantially altered
the area on the right bank between the Burghfield Road and the Basingstoke
railway line which may well have also been liable to flooding. It was
observed in 1971 that Searle's Farm Lake was flooded and an examination of
flow routes into this lake has therefore been made. Two routes have been
identified, one across the small gravel pit between the Kennet and Green
Lane immediately downstream of Burghfield Bridge and the other from the
Southcote weir pool. The former was the route observed and noted in 1971
whilst the latter can be deduced from the recorded flood level in the pool
(40.62m) and the level of the right bank at that point (40.39m). This is a
low point about 20m long in the bank that otherwise separates Searle's Farm

lake from the Kennet at an elevation above 41.5m.

No outlet structures from Searle's Farm lake have been observed and
it is thought that the level of lake is determined by the groundwater level
and the influence of the Kennet via the very permeable gravels. The water
level in the lake recorded during the survey was 39.34m as against 39.55m in

the adjacent river.

2.5.3 Fobney to County Lock

Downstream of the Reading to Basingstoke railway line, the Holy
Brook and the Kennet diverge to form a flood plain 1 km wide., The Foudry
Brook joins the Kennet with a flood plain up to 1.5 km wide on its left
bank, limited by the railway line.

Flooding on the Foudry Brook and the Kennet was separated during
the 1971 event by a combination of waste landfill at the confluence of the
rivers and a higher natural ground level towards the railway. The ground
levels on the Foudry Brook plain are however below the flood water levels
recorded on the Kennet, so that flooding on the Kennet influences the

flooding on the Foudry.




® 2.5.4 Flooding at a flow of 28!113/5

A minor flood occurred on the 5th April 1987, just prior to the
completion of the draft final report, and was observed along the length of
@ the study area. The flood peak of 28m3/s was attained at 9.00 am at Theale
gauging station and was photographed over the time period 9.30 am to
1.00 pm. A set of the photographs has been handed to THAMES.

® Flooding between Tyle Mill and Reading was observed at the fellowing
points:

in the meadows immediately downstream of Tyle Mill

in the field between the canal and river upstream of
Sulhampstead Lock, due to overtopping of the left bank of the

canal

from the *drain' that flows between Woolwich Green West and
woolwich Green East Lakes into Woolwich Green East, the footpath
to Bottom Lane being impassable. Wwoolwich Green East Lake was

L within centimetres of overtopping into Hosehill Farm Lake

Southcote weir pool, towards Searle's Farm Lake; flow into the

lake was on the point of occurring
from the Holy Brook into Southcote meadows; it was necessary to
walk through 150mm depth of flowing water to get from the Holy

Brook to Southcote Lock.

from the Holy Brook into the meadows immediately upstream of

Rose Kiln Lane which were completely inundated.

® It can be concluded that limited flooding of the Kennet flood plain

upstream of Reading occurs several times every year.
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CHAPTER 3

FLCOD HYDROLOGY

3.1 INTRODUCTION

3.1.1 Cbijective

The objective of this chapter of the Report is to assess the
significance of the Kennet Valley flood plain in attenuating flood flows
through Reading, and in limiting inundation of areas peripheral to the flood
plain. Flood frequency estimation is an integral part of the study.

3.1.2 Approach

The problem calls first for an assessment of the physical
characteristics and flood potential of the Kennet and Foudry catchments.
Design flood hydrographs for a range of return periods are derived
separately for the Kennet at Theale (Section 3.4) and the Foudry Brock at M4
culvert (Section 3.5). Later, in Section 3.6, inflow hydrographs to the
flood plain are derived for the Kennet, Foudry and Local areas which,
collectively, are consistent with an overall flood design to County Weir,
Reading. The inflow hydrographs are subsequently combined and routed
through a simple representation of the flood plain storage. 1In this way an
estimate of the maximum inundation volume frequency is constructed.
Finally, in Section 3.7, inferences are made from (and about) the severe

flood which occurred in June 1971.

3.2 CATCHMENT CHARACTERISTICS

3.2.1 Catchments of interest

Flows in the Kennet are gauged at Theale, just upstream cof the main

Kennet flood plain area. (See Fig. 3.1.)



Flows in the Foudry Brook are ungauged but it is convenient to delineate a
catchment boundary to the M4 motorway culvert. Remaining parts of the
catchment to County Weir (Reading) comprise a minor tributary draining part
of Burghfield Common, the Kennet and Foudry flood plains, and developed
areas in Reading on the north and east fringes of the flood plain; these are

collectively treated as the 'Local® catchment (ie. local to Reading).
Basic information about the three catchments is given in Table 3.1.

TABLE 3.1 BASIC CATCHMENT INFORMATION

Catchment NGR Area Chalk Non-Chalk Urban
portion portion area
km2 km2 km2 km2

Kennet at Theale SUs49708 1048 828 220 13.0
Foudry at M4 SuU701694 68 23 45 5.3
Local SU714730 38 14 24 g.5

Total to

County Weir SU714730 1154 865 289 27.8

The catchment areas were computed from boundaries digitized at
1:50,000 scale. ({Note that the value for the Kennet at Theale differs
somewhat from the 1033 km2 normally quoted for this gauging station.) While
the Foudry and Local catchments are small in comparison to the Kennet, they
are seen to be rather more important when only non-chalk portions are
considered. Allewing for the disparate response of chalk and non-chalk
portions is fundamental to an assessment of the flood potential of the

Kennet.




3.2.2 Soils

The non-chalk portions were delineated by reference to the 1:250,000
soil map of sSouth East England and are indicated in Fig 3.2. The relevant
soils comprise: tertiary clays in the Wickham 4 and 5 associations; alluvial
soils in the Frome, Fladbury 3, Thames and Newchurch associations and river
terrace soils (affected by groundwater) in the Hucklebrook and Hamble 1
associations; and Eocene/Jurassic lcam and clays in the Burlesdon
association. BAssignment to the Winter Rainfall Acceptance Potential classes
of FSR methodology is a matter of judgement. By reference to the recently
published companion text "$oils and their Use in South East England", and
the older but more detailed "Soils in Berkshirer", the tertiary clays were

assigned to WRAP class 4 and the remaining non-chalk scils to WRAP class 3.

3.2.3 Urbanization

The principal urban areas within the catchment to County Weir are
shown in Fig 3.3. Comparison with Fig 3.2 indicates that all these areas
are in the non-chalk portion of the catchment and this is generally also
true of the lesser urban settlements within the catchment. The effects of
urbanization on flood runoff are principally to increase runoff volumes
{through greater imperviousness and shorter residence times) and to
accelerate the response (through more direct drainage paths). The location
of urban development within a catchment can sometimes be important. 1In the
case of the Kennet, some of the development close to Reading may have the
effect of accelerating runoff from the Local subcatchment ahead of the
mainly rural response seen at Theale. On the other hand, special features
of the catchment such as the M4, Greenham Common, Aldermaston and Burghfield
- to which published maps do not aluayg do justice - are partly sited on
chalk areas. The net effect on flood runoff of such development may be
rather more significant (since the change from naturally permeable to
generally impervious is more drastic) and act to increase floocd flows at

Reading.




Within the remit of the study it was practical to take account of
urbanization only in breoad terms, using the standard Flocods Studies Report
(FSR) catchment characteristic URBAN. This is the proportion of the

catchment shown pink on 1:50,000 maps.

3.2.4 Other characteristics

Other standard characteristics required in the FSR rainfall-runoff
method of flood estimation are relatively well defined from maps and require
no specific comment. These are given in Tables 3.2 and 3.3, with Table 3.4
clarifying the nomenclature. Note that - for reasons that will become clear
later -~ the characteristics for the Theale catchment pertain only to the 220

km2 non-chalk portion.

TABELE 3.2 FSR CATCHMENT CHARACTERISTICS

Catchment AREA MSL 51085 SO0IL1 S01L3 S0IL4 URBAN
km km m/km

Non-chalk to Theale 220 35.5 2.23 0.000 c.400 0.600 0.06
Foudry to K4 68 20.4 2.27 0.340 0.235% 0.425% c.08
Local (to Reading) 38 11.7 3.99 ¢.370 0.525 0.105 0.25

TABLE 3.3 FSR CLIMATE CHARACTERISTICS

Catchment SAAR M5~-2day Jenkinson 'r'
mm mm
Non-chalk to Theale 775 53.5 0.380
Foudry to M4 685 48.0 0.400
Local (to Reading) 645 46.5 0.40S
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TABLE 3.4 NOMENCLATURE

Name unit Meaning

AREA km2 Catchment area

MSL km Mainstream length

$1085 m/km Stream slope

SOIL1 - Fraction of catchment in WRAP class i
WRAP winter Rainfall Acceptance Potential
URBAN - Fraction of catchment urbanized

SHAR mm Average annual rainfall

M5-2day mm 2-day rainfall depth of 5-year return period
r - Ratio of M5-1hour/MS-2day rainfall
CWI mm Catchment wetness index

PR X Percentage runoff

SPR X Standard percentage runoff

Tp h Time to peak of unit hydrograph

D h Design storm duration

RLAG h Reservoir lag time

BF1I Baseflow index

ADF cumecs Average daily flow

AARO mim Average annual runoff




3.2.5 Average and low flow characteristics

The mixed nature of the Kennet catchment response is confirmed by
reference to average and low flow characteristics for gauging stations in
the area. Figure 3.4 shows subcatchment boundaries for two stations on the
Kennet and three stations on major tributaries. Flow characteristics were
also examined for the neighbouring Pang at Pangbourne and Loddon at

Sheepbridge catchments.

TABLE 3.5 AVERAGE AND LOW FLOW CHARACTERISTICS

Gauging station AREA BFI ADF AARO SAAR
No River Site km2 cumecs mm mm
39/16 Kennet Theale 1048 0.886 9.66 291 790
39/19 Lambourn Shaw 236 0.9567 1.72 231 770
39/22 Loddon Sheepbridge 165 0.781: 2.15 411 740
39/25 Enborne  Brimpton 150 0.553 1.26 265 835
39/27 Pang Pangbourne 171 0.874 0.64 118 710
39/28 Dun Hungerford 102 0.956 0.75 234 815
39/43 Kennet Knighton 302 0.957 0.86 S0 815

Table 3.5 gives average dally flow (ADF) and baseflow index (BFI)
values calculated from 18 to 24 years of record. For each station, the ADF
shown is the arithmetic mean, while the BFI is the median of yearly values.
It is seen that the response characteristics of the Dun and Upper Kennet are
indistinguishable in terms of BFI; a value of 0.955 represents a response
heavily dominated by baseflow. That of the Lambourn is even more heavily
dependent on springflow from the chalk. In contrast, baseflow represents a
much smaller component of the Enborne response. The intermediate value of
BFI for the Kennet at Theale reflects the mix of chalk and non-chalk areas

and is comparable to that of the Pang.
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While the BFI values largely confirm the difference inferred from
soils, it is interesting to note that the ADF's are less consistent.
In particular, the equivalent average annual runoff (AARO} of the Enborne
would appear to be unreascnably low given the moderate SAAR and fast

response of this catchment.

3.2.6 Comparison of Theale and Brimpton flood response

Inspection of limnigraphs and Average Daily Flow (ADF) hydrographs
for the Kennet at Theale and the Enborne at Brimpton reveals a strong
correspondence in flood response. While the baseflow component of the
Kennet is very much greater (reflecting the large chalk portion of that
catchment), the response to heavy rainfall is remarkably similar in shape.
(See Fig. 3.5). This confirms that the clayey Enborne catchment is both the
most significant Kennet tributary (with regard to flood generation) and is
typical of the remaining non-chalk portions of the Theale catchment. It is
concluded that the chalk porticns of the Theale catchment are of little
consequence to normal flooding of the Kennet, other than in providing
concurrent baseflow. (It is possible that the chalk portion would be
significant in abnormal conditions of snowmelt and frozen ground, such as

are held to have occurred in the March 1947 flood, see Section 3.8).

At the outset of the study it was intended to exploit an existing
standard unit hydrograph analysis for the Enborne at Brimpton. (See
Bppendix 2 of IH Report No 94). However, a recent rating revision for this
station supplied by Thames Water radically reduces gauged flows in excess of
12 cumecs and has a profound effect on the analyses. For reasons given in

Appendix C.1 to this chapter, we have placed no reliance on the Brimpton

flows in this study.

Realization that the flood response at Theale reflects only the
220 kmz non-chalk component of the catchment led to the decision to carry

out a special unit hydregraph analysis of the Theale record.




3.3.1 Selecticn of data

UNIT HYDROGRAPH ANALYSIS FOR KENNET AT THEALE

Ten events were selected from the 1961 - 1986 Theale record: the

six having the highest peak flows and four others that offered reasonably

clear-cut events for analysis.

TABLE 3.6 EVENTS SELECTED

(See Table 3.6.)

Event No Date Peak flow Antecedent CWI Observed PR
flow
cumecs cumecs mm x
1 10/3/69 45.2 15.1
2 17/3/71 33.6 14.8 130 42.9
3 8/6/71 71.0 8.6 75 41.7
4 3/3/72 34.4 12.5 127 43.6
5 1/12/72 47.4 5.8 93 44.0
6 8/2/74 44.8 13.2 130 68.4
7 10/11/74 43.1 7.4 127 43.1
8 14/1/75 47.8 12.6 127 52.3
9 12/12/79 34.1 5.7 125 34.2
10 26/12/79 38.7 6.1 123 34.2

Flow data at 3-hourly intervals were supplied by Thames Water for

all but Event 1.

Thames Water but arrived after the study had been concluded.)

(Data for this event were subsequently reconstructed by

The flow data

were ‘taken largely at face value but appeared to be of good quality given

the inherent difficulty of gauging the Kennet at this section. (It is a

shallow graded river with alternative courses that may be relevant in flood

events, viz. the adjacent flood plain, the parallel Kennet & Avon Canal, and

possible bypassing through Theale town to the north, and through Woolwich

Green, Hose Hill and Theale lakes to the south),
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An economy made in the analysis was to use only daily raingauge
data, apportioning the daily total evenly over eight 3-hour periods. This
is less restrictive than at first appears. The derivation of percentage
runoff figures is largely insensitive to the rainfall data interval. It 1is
much more important that the raingauges be spatially representative. Thus
rainfall on the 220 km2 non-chalk catchment to Theale was taken as the
average of gauges sited at Inkpen, Wolverton Common, West Thatcham and
Englefield. Nor is the derivation of an average unit hydrograph from nine
events acutely sensitive to the rainfall data interval. 1In contrast, the
use of 3-hourly flow data was essential to an adeguate definition of becth

percentage runoffs and unit hydrographs.

3.3.2 Analysis

The unit hydrograph analysis assumed a percentage separation of
rainfall losses, a 60-hour time base for the 3-hour unit hydrograph, and a
straight line separation of baseflow. Unit hydrographs were derived for
each event using the restricted least-squares method (Reed (1976), Boorman
and Reed (1981)). A shape factor analysis indicated that the unit
hvdrograph derived for Event 7 was typical and this was taken as the average

unit hydrograph for the catchment. (See Fig. 3.6.)

The percentage runoff figures ranged from 24.2 to 68.4% but

averaged about 40%. These are discussed further in Section 3.4.2.
3.4 FLOOD ESTIMATES FOR KENNET AT THEALE

3.4.1 Statistical method

There are 22 recorded annual maxima from Theale dating from 1961 to
1982. The 1971 flood (71 cumecs) is 47% bigger than the next largest flood
and 1.9 times the mean annual flood of 37.7 cumecs, computed as the
arithmetic mean of the series. Figure 3.7 shows the annual maxima, plotted
using the Gringorten plotting position formula, together with a number of

fitted frequency curves.
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The EV1 (Gumbel) and GEV curves are fitted by the methed of
probability weighted moments (PWM: see Hosking et al, 1985) to the 22 annual
maxima from Theale. It can be seen that neither fit the higher floods very
closely - and appear to underestimate the magnitude of rare floods, although
the fits for middle range floods (less than 10 year return period) appear

satisfactory.

The other three curves on Fig. 3.7 are regional growth curves
rescaled by the site mean annual flood (37.7 cumecs). The FSR curve is
that for Regicon 6 as published in the Flood Studies Report and revised in
Supplementary Report 14, and clearly does not fit the recorded data very
well. Thames Water have developed a regional curve for use on Thames
tributaries using data from the Wey and Mole catchments (Thames Water,
1982), and this is also shown on Fig. 3.7. It appears to fit the data for
Theale slightly better than the FSR curve. The third curve is the regional
growth curve for chalk catchments presented in Supplementary Report 4.
Although flood behaviour at Theale is strongly influenced by the non-chalk

areas, data from Theale were among those used to construct the chalk curve.

All three regional curves, however, overestimate the magnitude of

floods with return periods between 5 and 20 years.

3.4.2 Rainfall - runoff method

Application of the FSR rainfall-runoff method - as revised in FSSR
16 - to estimate floed frequency at Theale was necessarily unorthodox. The
procedure adopted was to consider rapid response only from the 220 km2 non-
chalk portion of the catchment but to make a baseflow allowance for the
whéle catchment. From the unit hydrograph analysis of Section 3.3 it was
concluded that a standard FSR triangular unit hydrograph fitted well
provided that a time to peak of 24 hours was adopted. (See Fig. 3.5)

Following the methodology of FSSR 12 (as modified by FSSR 16) the
'observed' percentage runoff values of Section 3.3.2 were standardized to

take account of the antecedent and storm characteristics of the events.

3-10
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TABLE 3.7 DERIVATION OF STANDARD PERCENTAGE RUNOFF (SPR) VALUES

Event No Observed PR Storm Depth, P CWI Deduced SPR
% mm mm 3
2 42.9 34 130 41.6
3 41.7 178 75 40.0
4 43.6 51 127 40.7
5 44.0 114 93 42.8
6 68.4 74 130 61.8
7 44.2 130 127 33.2
8 52.3 109 127 43.1
S 34.2 54 125 31.3
10 34.2 44 123 33.5

The only serious anomaly in Table 3.7 is the rather high standard
percentage runcff (SPR)} derived for Event 6. Reference to ADF hydrograph
plots for tributary stations indicated that the contribution from the Upper
Kennet (gauged at Knighton) was unusually high in this event. From the
scant climatological information to hand it would appear that precipitation
immediately prior to the event fell as snow and that the response to
rainfall on 8-10 February 1974 was accentuated by some snowmelt, possibly
from a wider area than just the non-chalk portions. Further investigation

of local weather station data would be required to substantiate this.

The median value of standard percentage runoff (SPR) from Table
3.6 is 41.6%. This agrees well with the 43% value estimated from soils (see

Table 3.2) and the latter value was retained.




A remaining difficulty concerns the allowance for baseflow.
Application of the FSSR 16 procedure vields an allowance of 21 cumecs for
the 1048 km2 catchment to Theale. Use of this value gives flood estimates
consistently hiqher than those by the statistical method. Reference to a
flow duration plot of the Theale ADF data confirmed that 21 cumecs is an
excessively rare flow to be considered as an antecedent condition to a flood
event. Using instead a baseflow allowance equal to the long-term ADF (9.66
cumecs), reasonable agreement was obtalned between the statistical and

rainfall-runoff methods at low return period. (See Fig. 3.8)

Appendix C.2 summarizes the calculations for the 50-year design
flood at Theale using the rainfall-runoff method. The flood frequency curve
is shown in Fig. 3.8 and sample design hydrographs in Fig. 3.9.
Investigation of the significance of the flood plain storage in attenuating
floods between Theale and Reading requires hydrographs rather than peak flow
estimates alone. Having reconciled the estimates from the rainfall
runoff method with what ‘the statistical analysis reliably demonstrates at

low return peried, this can proceed in Section 3.6.
3.5 FLOOD ESTIMATES FOR FOUDRY AT M4

The Foudry Brook is ungauged and there is no suitable analogue
catchment other than the Enborne at Brimpton, analysis of which has been
discounted in this study. (See Appendix C.i). The flood estimates are

therefore based on catchment and climate characteristics alone.

Flood estimates for the Foudry at M4 were available from an
earlier study (Reed, 1984). These were modified slightly to take account of
the more detailed interpretation of soils now possible through 1:250,000
soil maps. The resultant flood frequency curve is shown in Fig. 3.10 and

typical design hydrographs in Fig. 3.11. Appendix C.3 summarizes the
calculations for the 50-year event.
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3.6 FLOOD ESTIMATES TO COUNTY WEIR, READING

3.6.1 Hethod

When making flood estimates for sites just downstream of a
confluence it is tempting simply to add together flood estimates for the two
tributaries. Such a method is in general erroneous. In the case of two
such differing tributaries as the Foudry and the Kennet it would probably
lead to serious overestimation of design floods at Reading. This is because
the Foudry is sensitive to appreciably shorter duration storms than the
Kennet. From Appendices €.2 and C.3 it is seen that the design storm
durations are 19 and 45 hours respectively. To obtain consistent estimates
it is necessary to impose a single design storm on the entire catchment to
Reading (neglecting, however, the chalk portion of the Theale catchment]).
Additionally, it is appropriate to extend the design storm duration for the
treservoir lag' effect that the flood plain storage imposes on flood runoff
from the Kennet and Foudry. Finally, it is reasonable to make some
allowance for the relative timing of runoff from the Kennet, Foudry angd

Local subcatchments.

3.6.2 Flood peak travel times: storaqge lags

The availability of water level observations at Blake's Lock -
some 1.5 km downstream of County Weir - is of some assistance in judging
characteristic response times of the Kennet to Reading. Although the
relationship between level and flow at Blake's Lock is a highly complex one
(depending as it does on operational settings of paddles and gates), it is
reasonable to assume that the time of maximum headwater level gives a
general indication of the time of peak flow. Blake's Lock water level data
(in the form of 'tackle sheets') were inspected for those events selected

for unit hydrograph analysis.

Head and tail water levels are read at 3-hour intervals between
09.00 and 21.00 but not otherwise. From the events examined it was possible
to estimate Blake's Lock peak times reliably for only three events: June

1971 (event 3), February 1974 (event 6) and a lesser event in December 198S.
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These yielded peak-to-peak travel times {from Theale to Blake's Lock) of 15,
15 and 9 hours respectively. On the basis of these estimates it is
suggested that a typical flood peak travel time for in-bank events 1is
between 3 and 6 hours from Theale to County Weir, with flood plain storage
delaying major flood peaks by up to 12 hours more. Water level data at

finer time resolution would be needed to confirm this.

3.6.3 Consistent inflow hydrographs

The main prerequisite to constructing consistent inflow
hydrographs to the Kennet/Foudry flood plain is selection of an appropriate
design storm duration, D. Because not all of the design flood will be
subject to flood plain storage action, it is not immediately clear what

‘reservoir lag' (RLAG) value should be used in the equation:
D= ( 1 + SAARR/1000 ) ( Tp + RLAG )

nor what unit hydrograph time to peak (Tp) value. This difficulty was
resolved by considering a range of design storm durations, namely 45, &9,
and 93 hours. It was found that the resultant flood estimates were
relatively insensitive to this choice and that the results for a 93-hour
stoerm should be adopted. (The longer storm duration yields a design
criterion that is slightly more relevant to the assessment of flood plain
inundation volumes, whereas a shorter duration would be slightly more
testing in terms of design flows at County Weir. The preference for
adopting the longer duration took into account the long-term history of

Kennet flooding - see Section 3.8).

The design storm depth was adjusted by an areal reduction factor
for a 500 km2 area, reflecting the physical area spanned by the Local,
Foudry and Theale (non-chalk) subcatchments. The depth was distributed into
a hyetograph using the customary bell-shaped "75% winter profile". {This is
an uncomfortable assumption for such a long duration event., However,the
alternative of distributing the depth according to some locally observed

storm profile could be unduly subjective,)




Finally, the design hyetograph was factored by a subcatchment percentage
runoff and convolved with the subcatchment unit hydrograph to construct the
inflow hydregraph to the flood plain from each of the Theale, Foudry and
Local subcatchments in turn. In dccumulating the combined inflow hydrograph
to the flood plain, account was taken of typical subcatchment response
timings by deferring the Theale hydrograph by 9 hours. Comparison of the
Theale and Brimpton limnigraphs with rainfall data suggests that perhaps 6
hours of the 9-hour Theale ‘'pure time delay' occurs upstream of Theale.
(See also Section 3.6.2). The synthesis of the composite inflow hydrograph
for the 50-year event is given in Appendix C.4 and the flood frequency curve

for the combined inflow is included in Fig. 3.12.

3.6.4 Flood plain routing

The study hrief specified that a simplified flood routing model
would be calibrated for the Theale/Reading reach by combination of:

(i) gauged inflows at Theale, estimated contributions of the
Foudry and other ungauged inflows
(ii) estimated outflows at County Weir

and (iii) flood plain storage information.

Adoption of a relatively simple appreach was consistent with the requirement
to route hypothetical design floods (as opposed to intensively gauged real
ones). As the study proceeded, it became clear that outflows at Reading
(item ii) could not be estimated reliably from the information available.
It was therefore necessary to assume a somewhat simpler flcod routing model
than initially intended.

The model structure is illustrated below:
THROTTLE
Qi o Qo
N
q,‘ Ao

LINEAR RESERVOIR
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Here Qi represents the composite inflow to the Kennet/Foudry flood
plain area, and Qo is the outflow at County Weir, Reading. Inflows less
than a threshold (or ©"throttle®) discharge, QT, pass through the model
unattenuated. Flows in excess of QT are diverted into a linear reservoir

which represents the storage action of the flood plain,

Equations defining the inflow, gqi, and outflow, go, of the linear

reservolir are:

qi = max (0, Qi - gT )}
and K dgo/dt + qo = gi

where K is the mean residence time, and t is time, both in hours. Prior to

routing a flood event, gi and go are initialized at zero.

The model has two parameters: the mean residence time (K) and the
threshold discharge {(QT). These were calibrated by trial-and-error
simulation of the June 1971 event. (See also Section 3.7.) This was made
possible by two pileces of information about the June 1971 flood: an estimate
of the maximum inundation storage (obtained by survey - see Section 4.2).

The calibration yielded parameter values of K = 32 hours and @ = 14 cumecs.

It should be appreciated that the routing model is an empirical
device and that conceptual interpretation of its parameters may be
misleading. 1In reality, part of the flcod plain will act as "flowing"®
storage and part will provide "dead" storage. The model provides storage of
the former type only. Empirical calibration of the model parameters (as
opposed to subjective assignments) will partly compensate for this and other

simplifications.

The routing of the composite inflow hydrograph for the 50-year
event is detailed in Appendix C.4. The peak composite inflow of 77.4 cumecs
is attenuated to a peak County Weir outflow (21 hours later) of 59.1 cumecs.

The simulated peak flood plain inundation storage is 5.2 x 106 m3.

]




3.6.5 Flood fregquency estimates for County Weir

From analyses for further return periods (see Appendix C.6) it was
possible to arrive at frequency curve estimates for peak ocutflows at County

Weir (see Fig. 3.12)

Comparison of the "combined inflow" and "County Weir"” flood freguency curves
confirms that the flood plain storage has a significant attenuating effect
on flood frequency at Reading. For events of return periocd between 25 and

100 years, the attenuation is about 23.5%.

3.6.86 Maximum flood plain inundation volume

The above flood plain modelling also yielded estimates of the
maximum flood plain inundation volume (or "storage") for each design event.

The relevant frequency curve is given as Fig. 3.13.

3.7 BRNALYSIS OF JUNE 1571 EVENT

3.7.1 Rainfall

The June 1971 event followed a dry period, with soil moisture
deficits of about S50mm prevailing until the 8th. Moderate depths of rain on
the 8th were followed by showers on the 9th. The main storm began at 09.00
on the 10th and lasted for 24 hours, neatly coinciding with rainfall
measurement “"days". Thus daily totals for the 10th (see Fig. 3.15) give a

good impression of the spatial characteristics of the storm.




3.7.2 Flows at Theale

Following the approach of FSSR 12, the unit hydrograph model was
used to simulate the Theale hydrograph for the June 1971 event. Comparison
with the "observed" flows (see Fig. 3.14) is more re-assuring than at first
appears. The early part of the hydrograph is modelled well. The "shoulder™
at 35 cumecs on the rising limb is not simulated. This appears to be
consistent with substantial quantities overflowing into gravel pits, the
hydrograph at Theale rising again only when the available storage has been
utilized. ©Note that the observed flows plotted in Fig. 3.14 are the 3-
hourly data supplied by Thames Water. The peak estimate of 71 cumecs (2500
cusecs) quoted for this event is a little higher.

3.7.3 Flows at County Weir

In a similar fashion the responses from the Foudry and Local
subcatchments were alsc simulated for the June 1971 event. The combined
inflow hydrograph was routed through the flood plain model and flows at
County Weir thereby simulated (see tabulations in Appendix C.5.).

3.7.4 Maximum volume of inundation

The maximum volume of inundation for the June 1971 event was

simulated to be 4.9Hm3.
3.8 ANALYSIS OF MARCH 1947 EVENT
Reference 1s made in Section 3.9 to the problematic nature of the

March 1947 event. The various factors giving rise to that flood are

difficult to quantify in terms of the probability of their joint recurrence.




However, it is understood (Thames Water Planning Division
reference flood card) that the peak flow through Reading on 14 March 1947
was estimated (presumably by current meter gauging) to be 2085 cesecs or 59
cumecs. Neglecting any changes that may have cccurred in the behaviour of
the flood plain (note, for example, Section 4.4), the return pericd of the
March 1947 peak outflow is assessed from Fig. 3.12 to be about 50 years,

i.e. more severe at Reading than the June 1971 event.

3.9 DISCUSSION

It is reassuring to note that the various estimates of the rarity
of the June 1971 flood concur reasonably well. It 1s assessed to have been
a 50-year event at Theale but more like a 35-year event in terms of flow at
County Weir and in terms of flcod plain inundation. While the magnitude of
the design flows and inundation volumes are subject to uncertainty
(particularly the latter), it can be asserted with slightly greater
confidence that the volume of inundation in the June 1871 event represented

about a 35-year event.

These qualifications arise because of the concern that the Kennet
catchment may he prone to flooding by snowmelt and rain (as occurred in
March 1947) as opposed to rainfall alcne -~ as has been assumed above. There
can be little doubt that snowmelt was a major contributing factor in the
March 1947 flood. There is the suspicion that the chalk portions of the
catchment generated some rapid response runoff, perhaps as a result of
frozen ground. In the absence of a gauged flow record of sufficient length
and quality on which to base flood estimates on the Kennet, it is advisable
to turn to historical water level and rainfall records to check that the

flood potential of this river has not been underestimated.

Historical water level records have been referred to in Section

2.4 of the report.




Figure 3.16 shows extreme 1, 2, 4 and 8-day rainfalls recorded in
the Kennet catchment. (Generally these are catchment average rainfalls but
note that for early events - excepting November 1894 - these are Reading
rainfalls). That the November 1894 had exceptional 4 and 8-day rainfalls
but less noteworthy 1 and 2-day rainfalls suggests that the Kennet to
Reading is indeed sensitive to relatively long duration events. (See
Section 3.6.3). It is confirmed from Fig. 3.16 that the March 1947 flood

cannot be accounted for by rainfall alone.

Symons and Chatterton (1895) refer to Kennet floods prior to that
of November 1894, including that of October 189%t (see Fig. 3.16). Of
interest is the reference to the 1809 event, "which was produced by the

sudden melting of deep snow".

Perhaps the inference to be drawn is that, while the flood
estimates made in this report are reasonable and appropriate to meet the
study objective, occasional very severe events arising partly from snowmelt
can occur. Thus it is suggested that the flood and inundation volume
frequency curves derived herein should not be applied beyond a return period

of 100 years.

That the conditions giving rise to froczen ground, snow
accumulation and subsequent rapid melt are likely to be spatially widespread

is of some comfort - other catchments will be in trouble!

3.10 CONCLUSION

Figure 3.13 is the most important product of the hydrological and
flood routing analysis. From the figure it 1is possible to judge the
significance of long-term loss (or gain) in the available flood plain

storage upstream of Reading.




6 _3
It is estimated elsewhere (in Section 4.4) that some 0.5 X 10 m

of storage have been lost in the period 1871 -1986 through infilling. From
Fig. 3.13 it can be seen that such a loss would in itself have a profound
effect on the freguency with which a given inundation level is experienced.
For example, the June 1871 inundation level would now accommodate only
4.4 X 106 m3, corresponding to about a 20-year event rather than the 35-year
event inferred in Secticn 3.8. The effect on outflows at County Weir would
be the same, the incidence of a given flood flow becoming almost twice as

frequent {(i.e. once in 20 years rather than once in 35 years).

Whereas Figs. 3.12 and 13 can be used to judge the strategic
importance of maintaining adequate flood plain storage, it would be unwise
to apply these results to minor short-term developments (where only small
amounts of storage are concerned}. Specific developments may have specific
consequences for flood risk - born from the nature and location of the
infilling and the compensatory works proposed. However, Fig. 3.13 provides
a broad assessment of the significance of flood plain storage which is
entirely appropriate to appraisal of the long-term management policy of the
Kennet /Foudry flood plain.
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Figure 3.10 Flood frequency estimates -
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CHAPTER 4

FLOOD ENVELOPES

4.1 APPROACH

4.1.1 Objective

The objective of the work described in this chapter was to produce
flood envelopes of different return periods based upon the storage frequency
curve derived in Chapter 3. The storage frequency curve was produced by
hydrological analysis but was calibrated by comparison with the volume
calculated to have gone into storage during the 1971 event. The calculation
of this storage volume is set out in this chapter, thus providing an
estimate of the spatial distribution of the storage and allowing the flood

envelopes for different storage volumes to be determined.

4.1.2 Calculation of storage volumes

For a particular flood event the maximum volume stored is that
volume between the peak water surface profile and the flood plain. The
calculation of this volume is complicated by the fact that the flood water
surface profile on the Kennet has a steep gradient averaging about im per

kilometre.

A survey of the flood plain with cross sections every 250m was
carried out to provide the necessary data on the topography of the flood
plain, as described in Section 2.2.1. Flood levels at various points along
the study area were recorded during the 1971 event from which it was
possible to estimate the peak water surface profile. Following consultation
with Thames it was agreed that a water surface derived by joining reccrded
levels on the downstream side of weirs would probably give the best
representation of conditions in the flood plain, although in the river

channel itself the profile shown on Fiqure 2.1 is more realistic.




The approach adopted to estimate the volume between the water and
land surfaces was to calculate an area-elevation curve for each Cross
section and then assume that this cross section applied for 250m along the
valley in order to produce a volume-elevation curve for that reach. The
volume stored under a particular water surface profile can then be
calcﬁlated by summing the volumes flooded for each reach. The advantage of
this appreoach is that it lends itself to computerisation allowing storage

volumes for a range of water surface profiles tc be determined rapidly.

4,1.3 Computer programs

Two programs were developed to carry out the above calculations.
The first calculated the area elevation curve for each cross section from
the survey data which was available in the form of listings giving the
chainage and elevations for each point along the section. The second
program calculated the total volume stored for a given water surface profile
by summing the individual volumes flooded for each reach. It was assumed

that the water surface would be horizontal perpendicular to the river.

4.2 STORAGE DURING 1971 FLOOD

An examination of the area flooded in 1971, as shown on Fig. 2.3,
shows that the calculation of flood storage on the Kennet and the Foudry
Brook can be treated separately for this event due to the high ground that
separates the two rivers at their confluence. As measurements of peak flow
on the Kennet were made at the Theale gauging station, the volumes stored
along the Kennet upstream and downstream of this point have also been

calculated separately.

4.2.1 Kennet downstream of Theale gauge

The survey cross sections downstream of the gauge are Nos 1.001 -
1.026. Some of these sections were adjusted so as to reproduce as nearly as
possible the topography that existed in 197i. Thus the recently excavated
Cottage Lane pit, the Smallmead pit and partially filled tip were all

'refilled®’ to avoid over-estimating the volume going into store.




The water surface profile was determined from the information
available on Fig. 2.3. As discussed in 4.1.2 it was assumed that the water
levels recorded downstream of the weirs would provide the best estimate of
water levels on the flood plain. The results of the calculations are given
in Table 4.1 below; 2.1Hm3 went into storage in the fleood plain downstream

of Theale gauging station.

This figure excludes any flooding of the Searle's farm gravel
pit.The pit is recorded to have been flooded and a comparison of survey data
and flood levels confirms that there would have been twoe flcod routes into
the pit. The initial and final water level can only be estimated but it is
considered that as much as 0.4Hm3 could have entered the pit. This raises
the estimate of total storage downstream of Theale gauging staticn to

2.5Hm3.

4.2.2 Tyle Mill to Theale gauqing station

The estimate of storage over this section of the Kennet is given in
Table 4.1, but once again this does not include any allowance for storage in
gravel pits. One of the flow routes observed in 1971 was through the
Woolwich Green East Lake and across the road into Theale Lake.

An examination of the Berkshire County Council aerial photos flown
in 1971 shows that the portion of the Theale Lake next to the road was being
excavated at that time and was protected by a bund from the remainder of the
pit which was filled with ground water. Photo No 25 taken during the
helicopter reconnaissance of the flood ten hours after the peak suggests
that the lake was still well below road level by perhaps several metres,
while phote No 21 confirms that the bund protecting the excavations from the

rest of the lake was not overtopped.




TABLE 4.1

STORAGE ALONG THE KENNET FOR THE 1971 EVENT.

Kennet Valley Study - Kennet River - 1971 Levels {(d/s levels only)

i . i —h M o i P g o e k. T T iy 8 o o o T = . . . — ——

Section Chainage Water X-Sect Section Volume
Number on River Level Area wWidth of Water
{(km) {(m) (m2) (m) (m3)

1.001 10.800 38.29 447.0 130.0 58100
1.002 10.330 38.47 851.7 250.0 212900
1.003 10.060 38.57 748.5 250.0 187100
1.004 9.750 jg.e8 497.4 250.0 124400
1.005 9.500 38.73 410.4 250,90 102600
1.006 9.250 38.78 374.0 250.0 93500
1.007 8.900 39.07 538.7 250.0 134700
1.008 8.620 39.69 269.,2 250.0 67300
1.009 8.330 40.01 318.5 250.0 79600
1.010 8.050 40.21 207.5 250.0 51200
1.0 7.750 40.42 194.6 250.0 48700
1.012 7.350 40.86 253.5 250.0 63400
1.013 7.070 41.41 381.7 250.0 25400
1.014 6.820 41.62 456.7 250.0 114200
1.015 6.570 41.76 362.6 250.0 90700
1.016 6.300 41,9 308.9 250.0 77200
1.017 6.040 42.05 137.4 250.0 34400
1.018 5.630 42.27 218.7 250.0 54700
1.019 5.390 42.62 58.9 250.0 14700
1.020 5.110 43.03 36.6 250.90 9100
1.021 4.860 43.40 133.5 250.0 33400
1.022 4.590 43.79 118.7 250.0 29700
1.023 4.220 44.26 352.7 250.0 88200
1.024 3.910 44.59 341.0 250.0 85200
1.025 3.650 44.86 305.5 250,90 76400
1.026 3.380 45.15 363.6 250.0 90900
Sub-total = 2118400

1.027 3.000 45,55 276.1 250.0 69000
1.028 2,490 46.08 294.6 250.0 73700
1.029 2.190 46.50 728.9 250.0 182200
1.030 1,920 46.89 909.2 250.0 227300
1.031 1,650 47.27 688.2 250.0 172000
1,032 1.330 47.49 508.2 250.0 127100
1.033 0.280 47.70 171.7 250.0 42900
1.034 0.450 48.03 3p8.8 250.0 77200
1,035 0.110 48.24 138.5 250.0 34600
Sub-total = 1006000

3124400

Total Volume




Nevertheless the excavations were probably 4 to 5 metres deep at the time
and it is estimated that the area of 20 ha under excavation at the time may

have absorbed as much as 0.4Hm3.

Allowing also for the flooding over Woolwich Green East and West
Lakes, an allowance of 0.51-Im3 has been made for flooding of gravel pits,
bringing the total volume estimated to have been stored between Tyle Mill

and Theale gauging statien to 1.5Hm3.

4.2.3 Foudry Brook

Although the flooding on the Kennet would have interacted with the
flooding on the Foudry Brook, the calculation of storage volumes on the two
rivers can be treated separately. The survey cross sections were roughly
perpendicular to the Foudry Broock and the same approach as described for the
Kennet has been used. There are no recorded flood water levels available
for the Foudry and the water surface profile has been deduced from the

extent of the floeding.

The volume estimated to have been stored above 1986 topographic
conditions is 0.6Hm3, the detailed results being given in Table 4.2. A

substantial amount of storage has been lost since 1971 due to infilling and
this is estimated in section 4.3 to be about 0.5Hm3, with the result that
the total volume stored in the Foudry Brook flood plain during the 1971

event is estimated to have been 1.1Hm3.




TABLE 4.2 STORAGE IN FOUDRY BROOK FLOOD PLAIN IN 1971
(topography as surveyed in February 1986)

Section cChainage Wwater X - Sect Section Volume
Number on River Level Area width of Water
{(km) n (mz) (m) 0>
2.001 2.230 38.47 318.5 250.0 79600
2.002 1.960 38.49 198.5 125.0 12800
2.003 1.660 38.52 645.1 250.0 161300
2.004 1.240 38.55 284.8 250.0 71220
2.005 0.890 38.58 377.3 250.0 94300
2.006 0.570 38.60 512.6 250.0 128200
2.007 0.250 38.63 121.2 250.0 30300
2.008 0.010 38.65 9.7 250.0 2400
Total Volume = 592100 m3

4.2.4 Summary for the 1971 event

Storage in the flood plain during the June 1971 flood is estimated
to have been 5.1Hm3 distributed as follows:

Kennet d/s of Theale
- flood plain 2.1
- gravel pits 0.4

Kennet u/s of Theale

- flood plain 1.0

- gravel pits 0.5

Foudry Brook 1.1
5.1 Mm>




4.3 STORAGE FOR OTHER EVENTS

4.3.1 1947 floecd

The 1947 event was a more serious event on the Thames although 1871
appears to have been the more severe of the two for the Kennet. Only
limited information on levels is available comprising records at Blake's
Lock, County Lock and Burghfield Bridge. The level at County Lock was 0.5m
higher than for 1971 and that at Burghfield Bridge 0.1im lower. Flooding has
been linearly interpolated between these two points and levels upstream of

Burghfield Bridge assumed to be 0.1m lower than for the 1971 event.

The results for the Kennet are given in Table 4.3. No gravel pits
had been excavated by 1947 and almost no infilling of the Foudry flood plain
had taken place. Allowing for these factors, and assuming flooding cn the
Foudry to have been about 0.2m higher than in 1971, it is estimated that the

total storage in the 1947 event was 5.1Hm3 distributed as follows:

Kennet d/s of Theale 2.5
Kennet u/s of Theale 0.8
Foudry 1.8

Total 5 .1 ¥m 3




TABLE 4.3

STORAGE ALONG THE KENNET FOR THE 1947 EVENT.

Kennet Valley Study - Kennet River - 1947 Levels

Section Chainage Water X-Sect Section Volumne
Number on River Level Area Width of Water
tkm) (m) (m2) (m) (m3)

1.001 10.800 38.80 767.8 13¢.90 99800
1.002 10,330 38.98 1320.9 250.0 330200
1.003 10.060 39.08 1206.4 250.0 301600
1.004 9.750 39,18 2960.9 250.0 240200
1.005 9.500 39.23 909.8 250.0 227500
1.006 9.250 39.28 695.0 250.0 173800
1.007 8.900 39,42 794.9 250.0 198700
1.008 8.620 39.67 252.6 250.0 63200
1.009 8,330 39,89 247.7 250.0 61900
1.010 8.05¢0 40.09 160.8 250.0 40200
1.011 7.750 40.30 1281 250.0 32300
1.012 7.350 40.74 192.9 250.0 48200
1.013 7.070 41.29 308.7 250.0 77200
1.014 6.820 41.50 374.5 250.0 93600
1.015 6.570 41.64 280.6 250.0 70200
1.016 6.300 41.79 215.7 250.0 53900
1.017 6.040 41.93 90.5 250.0 22600
1.018 5.630 42.15 146.1 250.0 36500
1.019 5.390 42,50 44.3 250.0 11100
1.020 5.110 42.91 15.6 250.0 3900
1.021 4.860 43.28 105.0 250.0 26300
i.022 4.590 43.67 73.9 250.0 18500
1.023 4.220 44.14 280.9 250.0 70200
1.024 3.910 44.47 268.3 250.0 67100
1.025 3.650 44.74 242.6 250.0 60600
1.026 3.380 45.03 286.5 250.0 71600
Sub-total = 2500900

1.027 3.000 45.43 204.5 250.0 51100
1.028 2.490 45.96 236.2 250.0 59000
1.029 2.190 46,38 644.9 250.0 161200
1.030 1.920 46.77 834.7 250.0 208700
1.031 1.650 47.15 577.3 250.0 144300
1.032 1.330 47.37 403.7 250.0 100900
1.033 0.980 47.58 90.7 250.0 22700
1.034 0.450 47.91 222.5 250.0 55600
1.035 0.110 48.12 87.4 250.0 21800
Sub-total = 825300

Total Volume = 3326200
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The storage in the area downstream of the Basingstoke railway line

was 1.2Hm3 greater than the 1971 flood, while the storage upstream of this
peint was 1.2Hm3 less than in 1971. The very different distribution of
storage between the 1971 and 1947 events may be explained by the storage
provided by gravel pits excavated after 1947 and the backwater effect of the
Thames which would have raised levels in the Kennet in 1947 relative to
those in 1971.

4.3.2 Flood volumes parallel to 1971 surface

The storage characteristics of the valley have been determined by
using the computer models to calculate the volumes stored under water
profiles parallel to the 1971 event but varied by intervals of # O0.1im. A
summary of the results are presented in Table 4.4 together with a graph of

the storage elevation curve.

4.4 CHANGES IN THE FLOOD PLAIN

4.4.1 Methodology

The changes in storage capacity within the flood plain in recent
years has been studied to provide a perspective of both the global
alterations and the rates of change. <Changes arising from development or
infilling have been treated separately from changes due to gravel excavation

which may have the effect of adding to storage capacity.

The largest floods in recent years are those of 1947 and 1971, and
the changes in the flood plain have therefore been monitored over the two
periods 1947-71 and 1971-86. This has been done using aerial photographs
that were flown for Berkshire County Council in 1947, 1971 and 1986.
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1971 ievel-0.60 833300 191700 0 1025000
1971 Level-0.55 942600 211600 0 1154200
1971 Level-0.50 1065900 233200 0 1299160
1971 Level-0.45 1204300 256800 50000 1511100
1971 Level-0.40 1359900 282800 100000 1742700
1971 Jevel-0.35 1531400 311900 200000 2043300
1971 Level-0.30 1717000 344600 300000 2361600
1971 Level-0.25 1918400 379800 450000 2748200
1971 Level-0.20 2133100 417400 600000 3150500
1971 Level-0.15 2362000 457300 637500 3506800
1971 Level-0.10 2603800 500500 750000 3854300
1971 Level-0.05 2858500 545300 837500 4241300
1971 Level 0.00 3124400 592100 900000 4616500
1971 Level 0.05 3399600 640700 387500 5027800
1971 Level 0.10 3683700 693200 1050000 5426900
1971 level 0.15 3973600 747900 1137500 5859000
1971 Level 0.20 4268600 803400 1260000 6272000
1971 Level 0.25 4568400 859800 1287500 6715700
1971 Tevel 0.30 4872200 917100 1350000 7139300
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4.4.2 Infilling of the flood plain

The changes identified due to road construction, housing and general

development and landfill in the study area are as follows:

Cateqgory 1947 - 71 1971 - 86
Roads K4 (under construction 1971) Rosekiln Lane
Housing Southcote Fords Farm
Beansheaf Farm
General Arrowhead Rd industrial Extension of Arrowhead R4
Development area, Theale New water treatment works
Sludge beds/Sewage works Green Lane
New Courage brewery
Landfill Confluence Kennet/Foudry 0l1d Smallmead tip

Knights Farm, Berry Lane New Smallmead tip

Not all of the above developments fall within the flood plain, but

the areas and volumes that have been lost are set out in Table 4.5.

The table suggests that about 0.5Hm30f storage capacity has been
lost through development relative to the 1971 flood levels in each of the
periods 1947-71 and 1971-86; 80% of this volume has been within the flood
plain of the Foudry Brook.
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TABLE 4.5

INFILLING OF THE FLOOD PLAIN

Site Area Storage lost under
{ha) 1971 flood level
(m)
1947 - 71

Kennet
He 12 50 000
Arrowhead Road 7 30 000
Knights Farm/Berry's Lane 12 -

31 80 000
Foudry
M4 10 30 000
Sludge beds 20 200 000
Infill Kennet/Foudry 15 150 000

45 380 000
Total —

76 460 000

1871 - 86

Kennet
Green Lane 1.5 1 000
Rosekiln Lane 2 25 000
New water treatment works 5 70 000

8.5 96 000
Foudry
0ld Smallmead tip 50 250 000
New Smallmead tip 37 170 ©00
Gravel pit to be filled 27 -

114 420 000

122.5 516 000
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4.4.2 Gravel pits

Gravel extraction has changed the topography of the flood plain over

large stretches of the study area. The pits that have been excavated are:

1947 - 1971 1971 - 86
Woolwich Green West Completion Theale Lake
Woolwich Green East Hoseh1ill Farm Lake

Theale Lake (partially excavated 1971) Completion Wellman's Farm

Wellman's Farm Lake (partially Field Farm (current)
excavated‘1971)

Searle's Farm Lake Smallmead (to be filled)

Pingewood Lake Cottage Lane (current)

The water levels in the lakes are generally set by natural ground
water levels and seepage through the gravels to or from the Kennet, but are
also controlled in some cases by culverts and overflow weirs. A number of
the lakes were flooded in 1971 and thus provided additional storage
capacity. Ground water levels are generally i to 1.5m below ground level in
this area with the result that at least 1im of additional storage depth
should be available. The resultant increase in storage capacity is

tabulated in Table 4.6

4-13




ADDITIONAL STORAGE CAPACITY FROM GRAVEL PITS

TABLE 4.6

e
Pit Area Normal water Est 1971 Storage
level flood Volume
® 11/2/87 level
3
ha (m) (m) (m™)
o Haywards Farm++ 7 44.5 46.5 140 000
Woolwich Green East 13 46.11 46.5 50 000
Woolwich Green West 8 46.3x 47.1 60 000
Hosehill Farm++ 14 44.92 46.1 160 000
Y Theale 87 43.2 n.a
Wellman's Farm++ 27 41.76 n.a
Searle's Farm 39 39.34 40.0 250 000
Farnham Flint 10 39.3» 40.0 70 000
® Englefield 15 38.37+ 40.0 100 000
+ estimate
® + drawn down by Tarmac for gravel washing water
++ excavated after 1971
The volumes given in the above table are approximate only and will
o not necessarily reflect additional capacity available during the peak of the
flood because seepage from the river through the gravel may have resulted in
some filling before the peak.
®
o

4-14




The additional capacity provided between original ground level and
normal lake level is estimated to have been about 0.1Hm3 during the 1971
event for those lakes upstream of the Theale gauge. As described in 4.2, it
is alsc estimated that as much as 0.4Hm3 might have entered the newly

excavated Theale pit.

Changes in storage downstream of the Theale gauge are limited to the
Searles Farm complex of lakes. On the basis that the rocad round the lake
was not flooded, the lake level is estimated not to have exceeded 40.0m and
some 0.4Hm3 are estimated to have flowed into the complex. This does not
necessarily represent an increase in storage capacity relative to the
situation before the excavation of the lake as the original ground levels

are not known.

4.4.3 Net Changes to the flood plan

It is estimated that in 1971 some 0.4 Hm3 may have been stored in®
the Searle's Farm pit and some 0.5 Hm3 in the Theale/Woolwich Green East and
West pits. Had those pits been excavated at the time it is probable that
more water would have been stored in the flood plain, although substantially
less than the 0.9 Hm3 estimated to have been stored in the pits. The
excavations since 1971 (Hosehill Farm, Completion of Theale and Wellmany
Farm) would not significantly alter those estimates were a similar event to
occur at the present time since the hydraulic connections between the pits
are not designed for flood flows and the Theale pit would still fill from
overtopping over the Theale-Sheffield Bottom rocad. The net gain in storage
resulting from the excavation of the gravel pits is estimated to be in the

range 0.5 - 0.9 Hma.

The infilling of the flood plain has resulted in a total loss of
about 1 Hm3 below 1971 flood levels of which about 0.5 Hm3 has occurred
since 1971. The loss in storage volume would be substantially greater for a
flood event similar to that of 1947 when water levels were considerably
higher in the downstream reach. The majority of this loss in storage volume

(80%) has occurred in the Foudry flood plain.
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At the time of the 1971 flood it is probable that the loss of
storage was approximately counterbalanced by the gain from gravel pits. The
gravel plts added since that time have not contributed significantly to the
storage volume and the result has been a net loss of storage as infilling
has continued. There does remain scope, however, for better utilisation of
the storage provided by the Theale/Wellman's Farm pits by designing the
hydraulic interconnections for flood flows. It should also be noted that
gravel extraction is continuing and further lakes will be created in the

reach between Theale and Tyle Mill.

4.5 FLOOD ENVELOPES

Flood envelopes have been derived for the 1 in 10 year flood, the
1971 flood and the 1 in 100 year flood. The 1971 flood has been used
because the extent of the flooding was carefully recorded and it
corresponded to about a 1 in 50 year event at Theale and 1 in 35 year event

at Reading.

The envelopes have been determined using the storage frequency
curves derived in Section 3.6 to estimate the wvolume gcing into storage for
a particular return pericd event, and the storage characteristics to set the

flood levels required to accommodate that velume of storage.

The volumes going into storage according to the storage frequency

curve are:

1 in 10 year 3.7Hm3
1971 flood (1 in 40 year): 4.9Hm3
1 in 100 year 5.9Hm3




4.5.2 Results

Relative to the 1971 flood levels, the 1 in 10 year flood storage
gives a level about 0.15 m - 0.2m lower whilst the 1 in 100 year event is
about 0.1m - 0.15m higher. The implications of these level differences have
been studied on Figqures 4.1 to 4.4, on which the survey information is
presented at a scale of 1/5000 with contours at im intervals. The flood
envelopes so determined are shown in colcocur on Figure 4.5, but due to the
topography of the flood plain and the small differences in level between the

events the three envelopes lie very close together.

The 1971 flood envelope has been reproduced from the survey of that
event, modified to take intc account the changes in topography that have
taken place, such as those on the Foudry flood plain, the completion of the
M4 and expansion of Theale.

The 1 in 100 year envelcpe is intended to approximate to the outside
limit of the flood plain and this has been estimated where the survey had
not provided adequate information. Between Theale and Tyle Mill for
instance, it has been assumed that the area between the railway and the
A4/M4 link road would be flooded, as was apparently the case in 1947
according to maps consulted at Reading Borough Council. It has also been
assumed that flood waters could rise sufficiently in Searle's Farm Lake to

cross Berry's lane at an elevation of about 40.0m and inundate Kirton's Farm

and Pingewogod Lakes.
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CHAPTER 5
HISTORICAL DEVELOPMENT IN THE STUDY AREA

Discussions were held with Berkshire County Council, Reading Borough

Council and Newbury District Council in order to establish:

the history of the submission of relevant planning applications and

the response to them
current attitudes to long term planning
published plans

The response by THAMES to planning applications going back into the

1960s has also been reviewed by consulting the correspondence records.
The information obtained is presented in the form of an overall
review of published plans for the study area, and a summary of specific

proposals relating to gravel extraction, waste tipping, and general

development.

5.1 REVIEW OF PLANNING DOCUMENTATION

5.1.1 Planning Authorities

Responsibility for planning within the Study area is divided between
three leoccal councils and the County Council. The geographical bocundaries
between the local councils are indicated on the 1/10 000 scale maps.
Broadly speaking Reading Borough Council is responsible for the area east of
the Burghfield bridge excluding Searle's Farm lake, and Newbury District
council for the area west of the bridge. wokingham District Council is
responsible for only a very small portion of the study area by the Foudry
brook on the M4.




Berkshire County Council has a specific responsibility for mineral
extraction, waste disposal and highways. The County Council is nevertheless

bound to seek the views of the local authorities on these matters.

5.1.2 Berkshire County Council

Proposals concerning the study area have been reviewed in the

following documents:

Central Berkshire Structure Plan September, 1980

Review of Berkshire's Structure Plans Submission Document

January, 1986
September, 1984
February, 1985

Berkshire Minerals Local Plan

Countryside Recreation Local Plan

The proposals that directly affect the study area are as follows:

Industrial Development

Theale (20 ha). An area to the south of Theale-by-Pass between the
existing industrial area and the M4 Motorway 1s propesed for industrial

development.

South Reading (80 ha). An area to the South of Reading, north of
the M4 and west of the A33 is proposed for industrial development. The
Structure Plan states that ‘'because of the complexity of the issues in this
area, the number of agencies and local authorities involved and the County
Council's specific responsibility for highways and minerals, the County
Council proposes to prepare, in conjunction with the relevant District
Councils, strategic guidance for the general development of the area,

indicating how the various issues may be resolved'.

A major flood relief channel, together with improvements to the
Foudry Brook, are identified as being necessary for this development to

proceed.




Road Improvements

Proposed road improvements include:

M4 Junction 11 - Improvements to deal with the present problem.

Access onto

Theale-by-Pass - The proposed new industrial development south of
Theale will necessitate a new two way access onto
Theale-by-Pass.

Link Road - A33 - Relief Road to Burghfield Rcad - A link rocad to
improve accessibility to the Burghfield Area and
the Southcote and Tilehurst Areas.

The area between Junctions i1 and 12 is also within the area of

search for a new motorway service station.
The County Council expresses the view that there should be no
further major housing development south of Reading and that the motorway

should be regarded as the limit of the built up area of Reading.

Minerals Plan

The fundamental policy regarding mineral extraction is that the
Ccounty Council will seek to avoid the sterilisation of sand and gravel
deposits. The study area forms one of the prospect areas within the plan.
Approximately 620 ha have received planning permission for extraction in the
Lower Kennet Valley, of which about 110 ha remain teo be worked. Gravel

extraction is discussed in more detail in Section 5.3.

Waste Tipping

It is mentioned in the Minerals Plan that a waste disposal plan is
to be prepared by the county Council but that it will not be available for

sometime.




The majority of the land to be reinstated after gravel extraction
will be filled with inert material, with in some cases a small proportion of
industrial waste. Any areas to be filled with household waste would
normally first be sealed with a clay lining. Only inert material is
generally allowed to be tipped within the flcod plain.

Recreation Plan

The Plan lists three areas of ecological importance which might
impose constraints upon any proposed development, namely Manor Farm Sewage
Farm, Searle's Farm (the north western portion of the lake) and Woolwich
Green Lake, south of Theale.

They have been identified by the Nature Conservancy Council as being

of particular value for nature conservation.

5.1.3 Reading Borough_ Council

The council has published two documents which relate to the area:

Reading Waterways - A Plan for the River Landscape
- Approved January, 19783
Kennet Valley Local Plan - Deposit Copy - August, 1985

The proposals put forward for the area by the Kennet Valley Local
Plan are presented on Figure 5.3. The area covered by a planning
application for industrial development that is presently under consideration
is also shown.This corresponds broadly to the industrial development for

South Reading proposed in the Structure Plan.
5.1.4  Newbury District Council

The Lower Kennet Water Park draft study report published in 1977 put
forward policies and proposals for encouraging the optimum use of the

oppertunities in the Lower Kennet Valley for the development of recreatiocnal

facilities, nature conservation and education, and landscape rehabilitation.
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The study examined 540 ha that had received planning permission for
gravel extraction and identified nine lakes which had physical
characteristics suitable for sailing. A presumption against activities
which generate noise or attract large crowds was proposed for the areas at
Pingewood, Kirton's Farm, Hosehill and Theale (western part), whereas it was
considered they could be encouraged at Theale (east), Wellman's Farm and

¥nights Farm.

The Newbury District Local Plan which is currently being prepared
will include the Study Area, and it is understood that it will reflect the
policies expressed in the Lower Kennet Water Park draft.

5.2 GRAVEL EXTRACTION

5.2.1 General

The extraction of gravels in the Lower Kennet Valley has
dramatically changed the landscape within the flood plain over the course of
the last forty years. Of the 620 ha for which permission for extraction has

been granted, some 250 ha have been restored to Lakes.

In those areas restored to agricultural land, the replacement of
gravels with inert material creates drainage problems which make it
impossible to restore the land to the original levels. It has either to be
domed and taken out of the flood plain, or a ridge and furrow system is used

which restores it more closely (but not completely) to the original ground

level.

Figure 5.1 shows those areas of land for which planning permission
for gravel extraction has been granted, is currently under consideration,
has been refused, or could be applied for in the future. This covers
virtually the entire flood plain. Extraction has been carried out
principally by three companies, namely ARC, Tarmac and Hall Aggregates/RMC,
each operating in geographically distinct portions of the study area. A
brief history of the workings will be given before reviewing possible future

developments.




5.2.2 Historical backqround

The ARC plant is located at Sheffield Bottom just south of Theale.
The original permission dates from 1949, and the complex now totals over
260 ha, the most recent addition being the Field Farm area (50.7 ha). The
areas dug to date have been restored to lakes, namely Haywards Farm,
Woolwich Green East, Woolwich Green West, Hosehill Farm (Hall Aggregates),
Theale, Theale East angd Wellman's Farm. Culverts have been constructed so

that the Woolwlich Green and Hosehill Farm Lakes drain into the Theale Lake.

The area currently being worked is the Field Farm site only a
portion of which is within the flood plain. Once this is completed the
Wellman's Farm lake will be extended, the whole operation being due to last
some six years. Permission has also been granted for extraction in the area
south of Hayward's Farm lake on the north bank of the Kennet as far as Tyle

¥ill, and this is due to be restored to lakes.
Tarmac

Tarmac have their plant on the Pingewood road near Knight's Farm.
The Searle's Farm conplex of lakes were excavated by a number of companies
in the 1960s with only one small area just downstream of Burghfield Bridge

at Green Lane being refilled and restored to the original levels.

Tarmac are currently working the Cottage Lane site between the
Kennet and the electricity substation. This is due to be returned to
agricultural land using the ridge and furrow method, the original proposal

to dome part of the area and restore the rest to a lake having been

rejected.




Tarmac have recently lodged an application to extract gravels from
the Holy Brook Farm/Coley Meadows between the Kennet and Holy Brook. They
propose to restore the area downstream of the Burghfield Bridge controlled
by Reading Borough Council to agricultural land, doming the land for
drainage and providing a low lying area close to the river for flood
routing. The area upstream of the bridge controlled by Newbury District
Council would be returned to lakes. The proposals are illustrated on Figure
5.4.

RMC/Hall Aqqregates

The Hall Aggregate plant is situated in Cottage Lane as it served
part of the Searle's Farm complex. Gravels are currently still being
extracted from the Smallmead site on the other side of the railway
embankment.

An application by Hoveringham to extract gravels from the Fobney
Meadows north of the water works was refused at an appeal in 1971. The

restoration proposed was to lakes.

5.2.3 Future developments

Substantial areas of gravels still exist which could be developed
but for which applications have yet to be made. These are shown on Figure
5.1. and are in addition to those areas such as Coley Meadows for which
applications are presently under consideration. However, whilst in the past
the excavations have almost all been restored to lakes, recent applications
such as Cottage Lane and Coley Meadows have proposed restoration to
agricultural land. This is due to the large area of existing lakes and
resistance on planning grounds to creating more. Such proposals require

careful evaluation as to their impact upon floods.
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5.3 WASTE DISPOSAL AND LANDFILL

The excavations created by the gravel workings have in some cases
been used as landfill sites. Whilst in principle only inert material is
allowed to be tipped in the flood plain, domestic waste tips have been
allowed in the area between the Kennet and the Foudry Brook which was
flooded in 1971. Domestic waste tips are domed to allow for drainage and
prevent groundwater pollution and the ground is therefore effectively
removed from the flood plain. The Smallmead tip for example, stands 4m

above original ground level.

Figure 5.2 details those areas that have been filled in the past,
differentiating between restoration to original ground levels or above;
future planned infilling is also shown.

5.4 RESIDENTIAL AND INDUSTRIAL DEVELOPMENT

Details of a number of past and present proposals for development

within the study area have been collected and are summarised below.

5.4.1 Past development

Southcote
An application for residential development at Southcote Junction
just north of where the Holy Brook passes under the railway embankment was

refused on grounds of flooding.

Fords Farm and Beansheaf Farm

Whilst the Fords Farm and Beansheaf Farm developments have not encroached
upon the area flooded in 1971, changes to the flood plain were made for

drainage purposes.




5.4.2 Future development

Axiom 4

The Axiom 4 scheme, also known as Reading Business Park, is the 80
ha industrial development in South Reading referred to in Section 5.2.1. It
has been approved by Berkshire County Council and Wekingham District Council
and now only needs the backing of Reading Borough Council to proceed. The
scheme, which is illustrated on Figure 5.5 would extend existing development
west of the Basingstoke Road from the Foudry Brook to the railway

embankment, and would occupy land flooded in 1971.

A flood relief channel has been proposed to discharge flood waters
that would otherwise have been stored on the land to be developed. The
channel begins at a control structure on the Foudry Brook just ncrth of the
M4 and runs almost parallel to the Brook about 300m to the west discharging
into the Kennet opposite the new Water Treatment Works. In addition te the
channel, 16 ha of land at or below existing ground level is tc be provided
to retain some flood storage capacity and the two developers participating
in the scheme plan to provide 50% each of this capacity. One area of land
is to be provided south of Smallmead Farm and the other on the filled gravel
pit immediately south of the M4 west of Berry's Lane, this latter area being

connected to the Foudry Brook via a culvert.
Theale

20 ha of industrial development at Theale is envisaged {n the
Berkshire Structure Plan to the south of the Theale-by-Pass between the
existing industrial area and the M4. This land was flooded in 1971. A
planning application has been submitted, but objections to the road scheme

will have to be overcome before it is granted.
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Speyhawk
The area south of the motorway by the Foudry Brook at Great Lea has
been the subject of an application for residential development by Spevhawk.

This has been refused and is due to go to appeal.

ARC Long Term Proposals

ARC made public in January 1987 outline proposals for long term
development in the study area on land owned by the gravel companies. These
are reproduced in Fiqure 5.6. Their only proposals directly affecting the
flood plain is some residential development in the Fobney Meadows socuth of
the railway embankment. This is where Tarmac propose to dome the area for
which they have submitted a gravel extraction application in Southcote

Meadows.
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CHAPTER 6

FUTURE POLICY TOWARDS DEVELOPMENT

6.1 INTRODUCTION

6.1.1 Objectives

The objective of this chapter is to consider future policy with
regard to the management of the flood plain in the light of known and
anticipated development particularly gravel extraction and reinstatement

proposals.
General principles of flood plain management are discussed, the
effect of both localised and global changes in flood storage reviewed, and

the implications for future policy evaluated.

6.1.2 Summary of hydrology

The hydrological analysis has assessed the June 1971 flood to have
been a 50 year event on the Kennet at Theale but more like a 35 year event
in terms of flow at County Weir and flood plain inundation; this follows
from statistical analysis of annual maximum recorded flows and an analysis
of rainfall records with a unit hydrogqraph approach. The inflow hydrograph
for this event provided the input to a flood routing model, and this shows
that significant attenuation was provided by the Kennet flood plain below
Tyle Mill, reducing the flood peak by about 29 per cent at the lower end of
the flood plain where the Kennet passes through Reading.




6.1.3 Flood envelopes

The availability of reasonably complete water level profiles for the
June 1971 event not only provides a means of testing the flood routing model
between Theale and Reading, but also gives an envelope which can be related
to the return period of the inflow peak. This in turn has enabled level
envelopes to be drawn for floods of other return periods as described in
Chapter 4. 1t should be borne in mind that the profile of the flood
envelope, especlially where it approaches the Reading outfall, will be
affected to some extent by the downstream control and possibly the shape of
the flood hydrograph at Theale. Because the June 1971 event was a summer
event of relatively short duration, it was not unduly influenced by

downstream conditions.

However, by providing a consistent set of hydrographs for different
return periods, and subsequent routing to give volumes of flood plain
storage, a set of ccherent flood envelopes for different return periods has
been provided. This set of flood level envelopes provides the basic tool

for objective flocd plain managenment.

6.1.4 Flood plain storagqe

The hydrolcocgical flood routing, calibrated on the volume estimated
to have been stored in the 1971 event, has enabled the volumes stored in the

valley for different return pericds to be estimated:

Return Period Volume
2.33 year 2.0 Hm3
10 year 3.7 Hm3
25 year 4.5 Hm3
50 year 5.2 Hm3
100 vyear 5.9 Hm3




The above quantities of storage are large and have a significant
attenuating effect on flood flows, and thus on levels at the lower end of
the study reach. Whilst limited flocding will occur on an annual basis, a
large area of the flood plain will be inundated at irregular intervals,
without any realistic possibility of total prevention short of major channel

reconstruction.

6.2 PRINCIPLES OF FLOOD PLAIN MANAGEMENT

6.2.1 Objectives

The objectives of management of development in the flood, plain
should be to relate the location, nature and level of any development to the
risk of flooding as expressed by the return period, but should also be based
on the need to maintain flood plain storage as a protection to existing

urban areas.

Because complete inundation is not an annual event, it is inevitable
that perception of flooding risk is dependent on long-term records and
hydrological analysis. 1In these circumstances, pressure for the development
of the flood plain will continue to be strong, especially because of the

proximity of the area to Reading.
It is necessary to bear in mind that, for example, a 50 year
recurrence interval gives no assurance about the timing of the next major

event. The risk of a T year event occurring within the next L years (say

the life of a project) is:
1= (1~ Yyt

so that the risk of a 50 year return period flood occurring within the next

5 years is

1 - (0.98)5 = 0.10 or 10 per cent




6.2.2 Flocd plain zoning

It is recommended that the development of the flood plain should be
linked to the risk of flooding as embodied by the envelopes for the 10, 35
and 100 year return period floods. An approach which has been advocated
(Aberdein et al. 1981) is to classify zones in terms of return period and to

limit development within these zones accordingly.

This zoning is illustrated by Figure 6.1, where Zones 1-3 lie within
the limit of the 100 year flood, with Zone 1 nearest the river. Zone 1 is
not defined precisely in terms of return period but is closest to the
watercourse and thus flooded most frequently; it not only acts as a storage
area for flood waters but flow velocities may be high. No new buildings
should be permitted and essential developments like motorways should have
adequate openings. Near urban areas, this zone is particularly important
for recreation and can be used to provide becating pools, parks and playing
fields. The outer bounds of this zone are generally determined jointly by
planning and water authorities but in this case it will be seen later that

Zones 1 and 2 are virtually coincident.

Zone 2 which lies within the 100 year period flood envelope,
provides essential storage for flood waters and any change in the availakle
storage in this zone will affect flood levels to a greater or lesser extent.
Certain developments could be permitted provided there is no reduction in
flood plain capacity and no risk to life. Such developments could include
ground level car parks and office blocks with the first floor raised above
flood level with effective flood warning and evacuation procedures.
However, developments should show positive benefits by comparison with

developments in other areas not subject to flooding.

It may be possible to create a Zone 3 within the 100 year flood
envelope, where development could be permitted if ground levels could be
raised above the 100 year level or protected to this level with negligible
effect on water levels, or With compensatory channel works to ensure that

existing flood levels are not increased.
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6.2.3 Application to study area

These principles have to be interpreted and put into the context of
local conditions. &Although the ultimate decisions on development must rest
with the planning authorities and the water authority, this report provides

the technical information on which these decisions may be based.

The risk of inundation at any site on the flood plain is indicated
by the flood envelopes related to return period, and decislions on
development must be related to this risk. It should he remembered that
downstream control may affect the levels at the lower end of the reach,
especially if floods coincide on the Kennet and the Thames. The reliability
of the results may be affected by the lack of complete records. The
relative rarity of complete inundation of the flood plain can affect local
perception of the flooding risk, but the analysis presented in this report

should assist in an objective assessment of the risk.

On the other hand, different types of development would have
different effects on the risk of flooding in other parts of the flood plain.
Gravel extraction where the area is left unfilled and becomes a lake whose
normal water level 1s controlled by groundwater level, will increase the
volume avalilable for storage and attenuation. The increased storage 1s
scmewhat lower than the volume of gravel extracted, as the gravel itself
would have had a coefficient of storage of say 20%. This fractiocn of the
volume would have been available to accept water during floocds. The
overlying soils would probably have had a lower coefficient of storage. At
the same time, opportunities for some controlled flood alleviation through
storage may be presented. On the other hand, replacement by impermeable
material or restoration to agriculture by doming will decrease the storage

available, and it is important to preserve the attenuating effect of this
storage.




6.3 CHAKGES IN FLOOD PLAIN STORAGE

6.3.1 General

The objective ¢f the present section is to evaluate the importance

of both glcbal and localised changes in flood storage.

Significant changes to the flood plain have taken place since the
1940's both in terms of gravel extraction and general infilling. It has
been estimated in Chapter 4 that during the 1971 event up to O.SHm3 may have
been stored in the Theale gravel lakes and 0.4Hm3 in the Searle's Farm Lake.
The creation of these lakes has added to the storage available in the valley
but infilling in the downstream portion of the study area has exceeded the
volume gained. The vast majority of the volume lost has been within the

Foudry flood plain, and this is discussed separately below.

6.3.2 Foudry flood plain

The levels of the Foudry flood plain are below historical flood
levels close to the confluence with the Kennet even for a short distance
upstream of the ¥4. The Foudry flood plain therefore acts as a part of the
overall -Kennet flood plain and the two have been considered as a single

entity for the purpose of this present study.

It is estimated that about 1.8Hm3 were stored in the Feudry flood
plain during the 1947 flood, and that this represented 35% of the total
storage volume attenuating flooding. Since that time some 1.1Hm3 of
storage are estimated to have been lost below the 1947 flood levels. This
large reducticen in storage 1s likely to have an impact on water levels in
the Foudry area and downstream. This could result in water levels up to

0.1-0.3m above the 1947 levels in order to discharge the same flood.




The proposed Reading Business Park would further significantly

reduce the storage in the flood plain by developing the land at Smallmead
Farm on the left bank of the Foudry, and result in increased flows through
Reading. It would also further constrain the flood channel of the Foudry
and result in increased flooding due to obstruction of the flow route down
the Foudry itself. This latter problem has been addressed by precposing the
provision of a duplicate flood channel so as to more than double the
capacity of the existing Foudry Brook system. This would not, however,
overcome the problem of the reduction in storage to the Kennet system as a

whole which would result in higher levels downstream.

It is important to emphasis that flood levels on the Foudry fleood
plain will be influenced by the Thames and cannot be predicted from the
return period of a flood on the Kennet alone. Thus the 1971 event, which
apparently had a higher return period on the Kennet than the 1947 event,
resulted in significantly lower levels on the Foudry Brook flood plain due

to the influence of the Thames on the 1947 event.

6.3.3 Localised changes

The problem faced by THAMES on a day-to-day basis is the evaluation
of the effect of specific proposals on flooding. Such propeosals are judged

against the following two criteria: —.

- there should be no reduction of storage on a level for level
basis

- there should be no obstruction to flow routes

No reduction of storage on a level for level basis means that it 1is
unacceptable to reduce storage at a higher level by providing an equal or
greater amount at a lower level. This criterion is considered below using

the example of the Tarmac proposals for doming in the Coley Meadows.

6-8




The difficulty in analysing changes in water depth arising from a

localised change in storage is due to the fact that flood water does not
flow unimpeded across the flood plain but is partly in storage. It 1is
helpful to view the problem from two extremes, namely that on the one hand
the flood water is absorbed totally into dead storage and that on the other
it flows unimpeded across the flood plain. These two cases are examined

below.

If the flood water 1is stored in dead storage, then reducing the
storage available at a high level and increasing it at a low level will
cause a larger proportion of the available storage to be filled earlier in
the flood. It is therefore possible that less storage would be available to
attenuate the peak of the flood than would have been the case previously and
that as a result flood levels would be higher. This argues in favour of

preserving storage on a level for level basis.

If the flood water flows unimpeded across the flood plain, then the
impact of changes on the hydraulic section can be determined from backwater
analysis. The reach between the Burghfield Road and the Basingstoke railway
has been modelled using a backwater analysis programme to determine water
levels before and after a development similar to the Tarmac scheme. The
proposed scheme would dome the area after excavation of the gravels leaving
a flood route close to the river. The post-development cross section has
been modelled assuming that the wvolume lost would be compensated by
excavation close to the river. There would therefore be no net change in

storage in the profile of the valley cross section.

The results of the analysis are given in Figqure 6.2. A good
correlation with the 1971 flood levels was obtained assuming flood plain
flow to be 35m3/s. Almost no change in water level resulted from altering
the cross section to increase storage at a lower level and reduce it at a
higher level.
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Whilst at one extreme when flows across the flood plain are
unimpeded, transposing storage from high to lower levels would not
seem to significantly alter water levels for the example examined, at the
other extreme when flood water enters directly into storage, water levels
could rise. The Kennet flood plain has considerable obstructions to flood
flows and the storage element is important. The requirement for there to be
no reduction in storage on a level for level basis is therefore prudent and
guards against the possibility of a cumulative loss of storage arising from
a number of localised changes, the impact of which might be difficult to

assess individually.

6.4 FUTURE POLICY

6.4.1 Implications of flood envelopes

The combination of the hydrological analysis, which related flood
plain storage to return period, and the field survey, which relates storage
volume to level and locaticn, has enabled flood envelopes to be drawn for

different return pericods.

This analysis shows that the areal extent of flooding does not vary
greatly within the range of return period from 10 to 100 years. The main
difference between these limits and the known flood limit of June 1971 is in
depth; the 10 year flcod is on average about 15-20 cm below the 1971 floocd
and the 100 year flood is about 10-15 cm higher.

The finding that the areal extent of flooding is not very variable
within the range studied is not unreasonable in view of the fact that the
limits of the Kennet flocd plain are fairly well defined topographically.
On the other hand the maximum elevation appears to be relatively insensitive
to return period and at the lower end of the reach near Reading the effects

of downstream levels and control are likely to be dominant.
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Thus when fixing zones for control of development the precise
boundary in terms of return period between Zone 1 where no development
should be allowed, and Zone 2, where some may be allowed under certain
conditions, becomes academic as the two zones coalesce. In effect the
outline of the 1971 flood determines the area within which housing or office
development should not be permitted.

6.4.2 Reductions in storage

The attenuating effect of storage on downstream flows is important,
being estimated as a reduction of 29% in 1971, and priority should be given

to maintaining storage.

Whereas gravel extraction without reinstatement has increased the
storage avallable in the reach near Theale, the flood plain near the Foudry
Brock has been encreocached upon steadily and cumulatively. In effect a Zone
3 has been created where development has been based on raising land above
the level of flooding, but compensatory measures have not been taken to

counteract the effect on levels downstream.

Current proposals for the Axiom 4 scheme would virtually complete
the infilling of the Foudry flood plain, which has to be regarded as an
integral part of the Kennet flcod plain. It is considered that the proposed
new flood channel would only help to overcome the rise in flood levels that

will result from this development.

Current developments within the Foudry flood plain would appear to
be contrary to peolicy FCl1 expressed in the Kennet valley Plan developed by
Reading Borough Council. This states that no development which would reduce
the capacity of the flood plain to store water would be permitted unless

satisfactory compensatory storage measures are provided.
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CHAPTER 7

FLCOD ALLEVIATION

7.1 GENERAL

The study of flood alleviation measures on the Kennet and the Foudry
Brook does not form part of the Terms of Reference for the present study,
but certain opportunities for providing flcod protection have been

identified and are described in this chapter.

Reduction in flooding may be achieved elther by improving the
carrying capacity of the river channel, by excavating new channels or by
storing some of the flood upstream of the area requiring protection. It is
the latter method that could be readily implemented on the Kennet as a
result of gravel extraction activities at the upstream end of the study
area. These have lead to the formation of a number of artifical lakes close

to the river.

7.2. GRAVEL PITS

The gravel pits that could be used for flood storage and their areas

are as follows:

Haywards Farm Lake 7 ha
Woolwich Green East Lake 13 ha
Woolwich Green West Lake 8 ha

Hosehill Farm Lake 14 ha
Theale Lake 87 ha
Wellman's Farm Lake 27 ha
Searle's Farm Lake 39 ha




Searle's Farm Lake provided flood storage during the 1971 event, now
estimated to have been about 0.4Hm3. Water was also stored in the partially
excavated Theale pit during this event, flowing over Woolwich Green East

Lake into the pit.

The latter flood route has now been substantially increased by the
addition of the Hosehill Farm and Wellman's Farm Lakes, and the completion
of the Theale pit.

The latter flood route was reported on in Section 2.5 and is
illustrated on Figure 7.1. It was confirmed in practice on the Sth April
1987 when with a flow of 28m3/s in the Kennet, flooding intec Woolwich Green
East lake was observed. A culvert allows water to flow from Woolwich Green
East Lake under the rocad into Hosehill Farm Lake which in turn discharges
into Theale Lake. Theale Lake is connected to Wellman's Farm Lake via a
culvert under the M4 and an overflow weir allows water to return to the

Kennet via the Clayhill Brook.

There is therefore a natural flecod flow route that directs water via
a series of four lakes before returning it to the Kennet once flows start to
exceed about 25m3/s. A longitudinal section of the 3 km of lakes is given

in Figure 7.1 which demonstrates the substantial fall in level between them.

The total area of the lakes into which water could be directed is
presently 1.41 krn2 with Wellman's Farm Lake to be extended by 0.12km2 over
the next six years. Although surveys of the lake perimeters are not
available, it is likely that the average water level could be raised during
a flood by at least 1m. Visual examination of Theale Lake, the biggest of
the four, confirms this. It ought therefeore to be possible to direct at
least 2Mm ° through the gravel pits and provide considerable flood
alleviation, as this volume approximates to nearly half the volume estimated

to have gone into flood plain storage in 1971.

The feasibility of the above method of flood alleviation is examined

below.
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7.3 FLOOD ROUTING

Approach

Precise modelling of the effect of storage on a cascade of four
lakes on the flood hydrology would require a specific mathematical model.
The objective in the present chapter is to evaluate the feasibility of the
flood alleviation scheme using a simplified appreach.

The lakes have been aggregated into a single reservoir and a flood
routed through it in order to estimate the attenuation of the hydrograph. A
key factor in this will be the inflow to the lake which will be a function

of the flood diversion structure provided.

7.3.2 Flood Diversion

A level of 46.93m was recorded just downstream of Woolwich Green
East Lake in 1971 for a flow in excess of 71m3/s. The recent survey
indicates that the bank level between the lake and and the river is about

46.8m. Bank full conditions were observed at 28m3/s on the 5th April 1987.

1t has been assumed for the present exercise, the objective of which
is to estimate the inflow hydrograph into the reservoir, that a weir will be
provided to divert 30m3/s into the lake under a head of 0.3m above a sill
level of 46.6m. A free overflow or syphon weir could be considered, but the
former is preferred on grounds of safety. In order to minimise the

spillway length, a 3:1 ratio labyrinth weir of 30m length has been selected.

An approximate combined stage discharge curve for the river and the
welr has been derived and used to determine the inflow into the lake and the
effect on the hydrograph of the Kennet at Theale. This has been done for
the 1971 modelled hydrograph with up to 30m3/s flood peak being directed

into the lake over the weir and is illustrated on Figure 7.2.




L St -
e e P T

(SJa110y) ULl

091 0F1 02T 0071 08 08 0¥ 0¢ 0
| L | 1 1 1 1 1 | L L 1 l
\
/, \_\
——— A \ .
// / / \\\
/ /., _\ 7
/l/ / Sitd ol Ewwv ﬁcmxrf%;o,_uﬁ: MOJU] N
/ /// / !
\ N\ /\ \ -
ydeasolpsH nmﬂ:ﬁoz \
\ \
\ :
\ \ ]
\/
J1ag JI3A0 UO01sJaAl(]
w.——m ~®>@ho A._WDOL::Y Commr—mw\fmg wmwccwv_
® L ® @ ® 4 ® @

01

0e

. —.u ﬁ«

0t

09

08

[(_s_,/QU.I\) MOT Y

Figure 7.2

7-5




7.3.3 Reservoir Routing

A standard reservoir flood routing programme has been used to
determine the attenuation provided by the lakes on the flood discharged over
the labyrinth weir. This is dependent on the volume elevation curve for the

lake and on the outflow discharge characteristics.

The spillway provided to release water from Wellman's Farm Lake back
into the Kennet has been selected after a number of trials to be a 3.5m long
free overflow weir which would route the flood with a rise in water level of
1.6m. The area of the lake has been assumed to remain constant over this

range.

The modifications to the hydrograph of river flows are indicated on
Figure 7.3. This shows the original inflow hydrograph to the study area,
the hydrograph routed into the lake, the outflow from the lake back to the
Kennet and the resultant attenuated cutflow hydrograph. The peak flow has
been reduced by 21m2/s from 76m3/s to 55m3/s. This was achieved by storing
2.3Hm3 in the lake and delaying the flood peak out of the lake by 15 hours
relative to the peak flow into the lake.

7.4 ENVIRONMENTAL IMPACT

The use of the gravel lakes for flood storage might conflict with

existing or proposed uses of the lakes.

Woolwich Green East and Hosehill Farm

These lakes are presently subject to flooding on an annual basis and
the situation would not therefore be worsened. Woolwich green East is used
extensively for fishing. Some bunding of Hosehill Farm Lake along the road
separating it from Theale Lake might be néceSSary and would improve the

storage characteristics.
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Theale Lake

Theale Lake is used for sailing and windsurfing and ARC have
recently published proposals for building floating homes within the Lake.
Consultations would need to be held with these interested parties. A
significant increase in water level would also raise the reservoir to the

foot of the M4 embankment, the stability of which should be checked.

Wellman's Farm Lake

The lake is used for water skiing and windsurfing and some building

would be necessary at the south-eastern end to protect properties.

7.5 CONCLUSIONS

Diversion of the flood peak through the four lakes - Woolwich Green
East, Hosehill Farm, Theale and Wellman's Farm - offers the possibility of
providing significant flood attenuation that would protect both Reading and
Theale. This would ke simply improving an existing flood route. The
preliminary analysis carried out for the 1971 flood suggests that the
diversion could reduce the severity of the flood from a 1 in 50 year event
at Theale to below a 1 in 10 year event. The attenuation might not be so
effective at more extreme events when the gravel pits would be flooded by

other routes.

Additional investigations would be required to determine the
topography of the lakes and the allowable rise in water level in more
detail. Once these have been carried out more detailed meodelling of the

flood route may be justified.




CHAPTER 8

CONCLUSIONS

The conclusicns of the study are set out below:
8.1 HYDRCLOGY

The 1971 flood is estimated to have been a 1 in 50 year event at
Theale and a 1 in 35 year event at Reading. The different response times of
the Kennet and the Foudry Brock account for this difference, the Foudry
Brook being sensitive to appreciably shorter duration storms than the

Kennet.

very little data is available to make an estimate of the 1947 flood
return period, but on the basis of gauging at Reading it was a 1 in 50 year

event.

Flood plain storage during the 1971 event is estimated to have been
about SHm3 downstream of Tyle Mill. Calibration of a flood routing model cn
this value suggests the storage associated with events of different return

periods to be as follows:

Return period Storage
(years) (4m>)
2.33 2.0
10 3.7
100 5.9

Limited flocoding occurs several times annually and in major events
storage plays an important part in attenuating flows. The attenuation of
peak flows due to storage during the 1971 event is estimated to have been

29% between Tyle Mill and County Lock.




8.2 EXTENT OF FLOOD PLAIN

The flood plain is well defined by natural and man made boundaries
and flood envelopes for different return periods over the range 1 in 10

to 1 in 100 years are very close to one another.

The distribution of storage along the valley has been determined and
it is estimated that the 1 in 100 years flood would result in levels
approximately 0.1 - 0.15m higher than those in 1971 and the 1 in 10 year
flood approximately 0.15 - 0.2m lower. The actual areas flcocded for the
three events are almost identical. The above differences in level do not
apply for the area downstream of the Basingstoke railway line due to the

influence of the Thames.
8.3 EFFECT OF DEVELOPMENT.

Two major forms of development have taken place in the flood plain
over the last forty yvears. Gravel extraction has resulted in the creation
of a large number of lakes and waste tipping close to the Foudry has

resulted in substantial infilling.

The creation of the lakes is estimated to have increased flood plain
storage capacity by 0.5 to 1.0Hm3 in a major event, whereas infilling has
reduced it by about 1.0Hm3 below 1971 levels. The gravel pits were in
existence in 1971, since when about o.SHm3 of capacity has been lost due to
infilling or development. Present proposals to develop a Business Park
close to the Foudry would result in a further reduction in flood plain

storage.

It is concluded that a recurrence of the 1947 or 1971 events would
result in higher levels in the downstream portion of the study area and

through Reading as a result of the storage capacity that has been lost.




FUTURE POLICY TOWARDS DEVELOPMENT

Policies with respect to flood plain management should be orientated
towards the protection of flood plain storage capacity which has been shown
to be important in attenuating flooding. The fact that the flood envelopes
for different return periods 1lie so close to one another leaves little
scope for developing policies that link development to the risk of flooding.
The only area which could be developed without a significant loss of storage
is that between the A4 and the Newbury railway line west of the M4 at
Theale.

Whilst there has been little encroachment upon the flecod plain in
the upper part of the study area, there has been considerable development in
the Foudry Brook flood plain which forms an integral part of the Kennet
flood storage capacity. This is contrary to policies expressed in the
Kennet Valley Plan prepared by Reading Borough Council. The proposed
Reading Business Park would remove the greater part of the remaining Foudry
flocd plain. Due to the backing up effect of the Thames and the interaction
of the Thames/Kennet/Foudry Brook at this point it is not considered that
the proposed Foudry flood relief channel will of itself overcome the higher
water levels that are likely to result due to this loss of storage. There
is a need to quantify the effects of this development and to develop a

coherent policy for the combined Kennet and Foudry flood plain.

There is a danger that localised changes in the flood plain might
occur which although not necessarily significant individually could result
in a cumulative reduction in storage. The present policy of preserving
storage on a level for level basis prevents this and safequards against the
possibility that storage at a higher level is replaced with storage at a

lower level thus reducing the degree of attenuation of peak flows.




8.5 FLOOD ALLEVIATION

An opportunity for providing some flood attenuation by routing the
flood peak through four existing gravel lakes in the upper portion of the
study area has been identified. Preliminary studies suggest that it could
reduce the flood peak for an event similar to that of 1971 by abcut 20m3/s,
transforming it from a 1 in 50 year event to less than a 1 in 10 year event,

and thus afford significant protection to both Reading and Theale.

Additional studies would be required to evaluate this opportunity
in detail in the form of:

surveys to determine volume - elevation characteristics of the
lakes

flood routing studies for a range of design floods to dimension
hydraulic structures, and evaluate attenuation.

costing of civil engineering works
8.6 FURTHER STUDIES

g.6.1 Review of Present Study

The present study has confirmed the importance of flood plain
storage within the Kennet vValley in attenuating flood flows through Reading,
and has assessed the magnitude and distribution of this storage. The extent
of the flood plain has been broadly established with a coarse survey for a
range of return periods. Development within the flood plain has been
reviewed and the infilling of the Foudry flood plain contrasted with the
additjonal storage provided by the creation of gravel lakes, suggesting that

there has been a net loss in storage.
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The study has not been able to provide a precise evaluation of
flood level differences due to the changes in storage or to provide a means
of evaluating the impact of localised changes. This is because the
methodology employed considered the storage of the valley as a global entity
for the purposes of the flood routing and can not represent specific
hydraulic features of the Kennet/Holy Brook/Canal/Foudry conglomerate of
channels. It is not considered that this methodoclogy could be developed
further in order to provide a more accurate assessment or as a tool for
evaluating the impact of specific developments. One method that could be

considered for providing additicnal precision is mathematical modelling.

B.6.2 Mathematical Modelling

Mathematical modelling should allow the effect of changes in the
flocd plain to be simulated. The hydrological inputs that would be required
for the model have been developed in the present study and the model could
be calibrated approximately ‘against the 1971 flood event. The impact of the
gravel lakes and infilling of the Foudry flood plain could then be evaluated
so as to give an indicatlon of relative changes even if the data available

for the medel is not adequate to have full confidence in absolute values.

However, the reach of the Kennet between Theale and Reading would be

complex to model because of the following factors:

the division of flows between Holy Brook and Kennet, and the
inflow from the Foudry

the number of hydraulic structures (weirs, locks, sluices)

the influence of the Thames

railway and road embankments.




The time and money required to undertake such an exercise is
therefore likely to be ceonsiderable and it is worth considering whether an
alternative approach could be used. In particular it may be worth while
first to give some study of the consequences of higher flows through Reading
in order to assess the risks that are being guarded against by protecting

storage in the Kennet flood plain.

The methodelogy used in the present study could be used to derive
the increase in flows through Reading for different return periods that
would result from reductions in the storage capacity. Backwater analysis of
the stretch upstream of County Weir could then be used to determine the
associated rise in water level for a range of downstream levels set by the
River Thames. This analysis could be used in conjunction with the HRS
physical model of the Kennet through Reading to assess the risk of flooding.
Some additional survey of the Kennet through Reading is likely to be

necessary.

8.6.3 Qther Studies

Study of the Holy Brook

It has been observed that the Holy Broock is liable to flooding
before the Kennet and that this is the mechanism of the annual flooding of
the Southcote and Fobney meadows. The Holy Brook is in part a very old
artificial channel and there are a number of small arch bridges across it
which restrict its carrying capacity. It is possible that either the
channel capacity if the Holy Brook could be improved, or that the divisien
of flows between the Kennet and the Holy Brook could be better distributed,
such that the flow threshold at which flooding occurs could be raised. It
is recommended that some hydraulic studies of the Holy Brook be undertaken

to examine this possibility.
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Hydrometric Monitoring

There is a lack of gauged water level or flow records in the flood
plain area, and the important Foudry tributary is completely ungauged.
Intensive experimental monitoring of water levels in the Kennet (especially
from Fobney to Blakes Lock), the Holy Brook, the Kennet and the Thames would
enhance understanding of the extent to which flood levels are interlinked.
Installation of a flow gauging station on the Foundry (e.g. at a suitable

site close toc the ¥4 crossing) should also be considered.

The outcome of such a gauging investment would be subject to the
vagaries of nature; clearly the data would be of considerable use in
refining hydrological or hydraulic models of the behaviour of the flood
plains and watercourses if data for an exceptional event were captured. The
more flashy nature of the Foudry catchment response is such that collection
of a relatively short period of record (e.g. 1 to 3 years) would allow much
greater confidence in estimating design floods on the Foudry (and its
contribution to composite design inflows to the Kennet/Foudry flood plain).

Further collection of hydrometric data is therefore strongly recommended.

sSurvey

The only part of the flood plain in which a large area of housing is
close to the flood envelopes is along the Calcot/Scuthcote/Ford's
Farm/Beansheaf developments which have all been built close to the floocd
plain boundary. There may be some properties that might be at risk in an
extreme event and this could only be ascertained by a detalled survey along

this boundary paying particular attention to re-entrants.

Flcod Alleviation

A more detailed study of possible flood alleviation by routing flows
through the existing gravel pits near Theale may be worthwhile.
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River Kennet 967/103/A/1 Sheet 1 Plan + Long Sect.

967/103/A/1 Sheet 2 Plan + Long Sect.
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967/103/A/1/23 to 29 inclusive Sheet 1
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967/103/R/2 Plan and Long Sect.
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Reading Waterways, A Plan for the River Landscape April, 1978.

Kennet Valley Local Plan, Reading Borough Council, August, 1985.
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.. ¥r. Davhs ; Sample DR.
/,/ /‘ NAVIGATION AND WORKS COMMIT-PEE - 127H JULY. 1971 Item No.
i

LAND DRATNAGE COMMITIEE - 12TH JULY 1971 Tten No.
s T ST R SR TENES CONSERVANCY
@ R e De Bohun Road, ~:.

i PR REDING, Berks.

“I'st July, 1971

'TEE CONSERVATORS OF TEE RIVER THAMES T
* NAVIGATION AND WORKS COMMITTEE .. .. Do e
LAND DRAINZGE COMMITTEE

Gentlemen, - A '.";'7:';= e T e s

_.;.,j.:.,,,_}fRElPORT ON_EEAVY RATNFALLS IN THE TEAMES CATCEMENT
® S+ T D FLOODING IN TEE KENNET VALLEY AND ADJACENT AREAS. ™
10TH - 1518 JUNE 1971

Mereocomcr'cu 'Covmn‘rous E '
'. o :"31"-'-;‘-'" Y fi depr°531on centred south of Pem‘orokeshlre at mdmgnt on -
’L’> Tuecdaj 8th June, 1971, "moved south and - later 'south east, deepening slowlj.

Tk-e"e was Tain over various parts of central a...d eouthern England end Wales .
assoon a't:ed w:.’ch fh_s system. , . ‘

P 2.. ’ A deore351on centred over the north east of Fr‘..nce at md:nght on’

. Wedmeso.amr ; 9th’ June, 1971; moved at first ‘almost due north,-then north west -‘.-
"and West .nerth ‘hest across the Thames Estuary and central southern Ergland -
: to. South Wales. «:This depress:.on reached its lowest’ pressure “at about’ 0600
hours’ on Frld‘_y, _11th June, “when centred “over the Thameés Catchment area.

2T ‘ﬁoderate to beavy amounts of rainfall oocurred over the whole of- the perrod
e 9th to ch‘ J'ur'e detalls of wh:l.ch are g:.ven in- the Append:.x A to .thls reporu._

3.-‘}-.‘.::.'..- - f"ThG heeva.est falls occu:red on the south western frmges of the 7
catchment ffectmg partlcular'iy ‘the middle Eennet valley from Eungerford
"'-to Rear* ing" ‘and ‘the Rivers Pang,’ Enborne and Loddon, and to a lesser ex_ten

‘.\-.

- - the upper: River Thames a.nd Rlvers 'r!hltewater ahd Blackwater. X
. A "__ it LR . .z .
N
=2‘4:‘iion‘_zf‘f'p‘éri“oci;:;toftar".t?:groeooi?hou‘:}é ai
@ R R R N R T T
L.'*: - 9th June | #::10th ‘June | .11th June S B
R o :ius. v~ inss “. ing.
Tnkpen 173 | e 055 3.26
‘.‘_'.Hungerfcrd 1 18?_'7'_.-;? 0_40 | 9. 63
. - -/f/-—" : .-' Wl 7o s .*
..Upper ‘Bas:.ld 1- 24 i _.‘2 50 S
i'j',Lockerldge .60 ' 2 54 R
._“_Boxford %3 2 XTI
. -, ..l
o F1LOY_ CONDITIONS
",'Iﬁ}5, “”',-'fThe ra.:nfalls of Wednesday, 9th' June,’ though heavy in some, 1solated
81“338, vere not exceptional in themselves, and falling on a relatlvely dry -, L
catchment, aopeered ‘'unlikely to give rise to flooding. Further light .o L
® modorate falls on Thursda.y d:Ld however, produce mstances of - 1oc:al floodlns-,?‘-

a o . —_




. Horse' Bridga, ~ Klthough flows weTre high for the tlmc of ycar ond it was

. - 2 - . ’ -
TR SRR H -‘.;::.'-/, i Lo 3
-6+ —"*3*—~"At 2130 hours on- Thursday, the- Flood Duty Officer received a heavy
rainfall warning, that had been issued by the Meteoroclogical Office for the
follow1ng {2°hours.” This related to the passage of the second depression
previously referred to. During the night, the available Autodiallers were
-:intorrogated-and information on rainfall wes obtained from those rainfall
_stations which were maaned. Between 0530 and 0700 hours, visual inspection
" Wo's made of ‘the River Blackwater, where the Autodialler hed failed et 0500,
and of the Cove Brook and north Rjver Wey at Farnham, Levels, .though high,
were not gsttaining back full conditions except in the lower River Blackwater
downstream of Yateley, ond those in the River ¥Wey dld not scen ‘likely to do so.
7. Divisional Engincers had previously been informed of conditions and
first reports of flooding from the River Kennet reached the Reading Divisional
Engincer at 0530:- Weir running wWas commenced,  ¢ontinuing throughout the day, '¢7°

the last report ‘being recclved by | thé Flood Duty Officer at 2330.

8. During Friday mornlng, tho telephone lines out of my headquarters
were affected by rain and at onme time, only onc direct line to the flood.duty
roouw was available. Morc seriously, the land line link to the radie '
transmitter was ocut of action until after 1700 hours and again for intermittent

periods on the following dey. - As a result, the greatest difficulty was & (::];
OlporlenCOd in .obtaining 1nformat10n.;.;;;;h et ERE RN ;
FLOOD WARMINGS A Dol sl

I Nev»rtheless, Wlth the heavy rain per31st1ng througn the morulng,

it was considered advisable to issue an AMBER warning for .the River Kennet from
Hewhury to Roudlng at- 1310 hours on Frlday. 7 As further reports of rising -
levels were obtained with contlnulng rain, a RED warnlng was 1ssued for tho
‘same, area at 1643 hours. i < i e Dootmn

Cee s . Tem v T e e e e e R

RIVER THAMES PO

......

10. . » The early period of ralnlall had no s1gn1f1cant offect_on Thomes
1cvcls. 1 Mainly. as a result. of Friday's rainfall, levels rosc rapidly during
that day at St. Johns, pontlnulng at a hlgh level until Sunday."s. Some flooding
of riverside land. occurred “in these upper reaches, but danger levels werc not
approached at Oxford In the middle river, levels rose below Caversham from
Friday to Sunday as a result of flood flows from the Kcnnet and Loddon.

Urgent action was necessary: on Frlday to move Thames Conservancy craft moored \Nv;ﬁ;

‘upstrean of Marsh weir in connection with the reconstruction of the Upper o

- necessary for the Chiefl Nav1gat10n Inspector to issue a wornlng of n371gat10n.

. hazard, levels again dia not reach exco531ve he1gnts and no flood Warnlng was
P consldorod neccssa:y.- S el TR Y

KENNET VALLEY

1. - Throughout Friday, cloarance of debris from slulcos was carrlcd cut
both by British Watcrways and by the Reading Divisional Engineer's workmen, in
response -to the many requests although in some cases, only partial’ ‘clearance
could be effected. This work continucd in the arca Padworth to Roadlng until
2300 hours and was rcsumod carly on Saturday and ugaln on Sunday.,~

-

.‘_. RSN S T

1207770707 AYT 0015 hours Ton Saturday, it vas rcported ‘that’ floodmg was e
assumlng serious proportions at Burghfiecld Bridge, wherce ovorspill was .
threatening a caravan site, a smallholding and scme properties.- -~ The Fire -
Brigade were in attendance throughout thne nlght and during the following day,
‘reinforcing the bank with sandbags and pumping out the low lying area into ‘an
adjacent ballast pit. My Deputy visited this arca at 0745 hours, having
inapccted the’ River Pang, where flows were falling slightly,” end the Sulham
Brook. He continuecd visual inspoction in”the Kcnnet Valley to- Aldcrmaston-

" .. . -
[ .
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RIVER ENEORNE
13. With rainfall south of the River Enborne amounting to over 5 inches
in the three days, cxtremcly high flows werc recorded. This is a relatively
steop. impervious catchmont and hign flow velocities were generated. This

has resulied in meny shosls bolqg formed, onc in part1cu1ar of somc hundred
cubic yards of gravel being left on the lawn of a riverside property.
Undoubtedly this catchaent was a wmajor contributor to the more serious
flooding of tte Kennet vailey downstrecam of Brimpton.

FLOOD RECONWALSSANCE

14. It was quitc clear at this stage that the volume of the flecod was %
higher than any prcviously recorded, and that it would be necessary to obtain

gs much information as possible on its peak levels, the points wherc overspill
hed occurred and the extent of the flooded arcas.

15. . The River Kemnet is a complex system, particularly in its lower
reaches.  Beiwcen Bunderford and Reading it is portly canalised, and therc
ere pumerous controls, both for the navigation and at the many mills. For

long lcngths the main channels are embanked and overspillicg occurs. The
flood plain is broad and access to the watercourses in times of flocd is
virtually impossible in many areas. For this reason, it was considered
advisable to carry out en gerial reconnaissance, and authority was obtaincd .
from the Chairman of tne Navigation and Works Committce to hire a helicopter
to enablc this to be donme. :Your epproval to this action is requested.
' . - - - RPN

16. Arrangements were made with the Thames Valley Cocstabulary for

landing facilities at the Sulhampstcad Police Training College ornd the flight
; commcnccd at 1200 hoursv,lastlng anp;oxmmatcly 1 hour 25 m_nutcs. e

g PRt
CeeTILMSLS T L Smigay e L - < . o
17 -0 Two mcmbers of ey sta‘f carrled out the survcy, “one uhklng
photcgraphs and tke other plottlng the flood plain on large scale meps, noting
points of overspill and the paths taken by flood waters. Altitude varied
botwesn 100 and 500 fecet above ground level and most of the work was carried.
out at an air spced of 40 knots. The arca covered extonded from cast of
Thatcham on the Rlver Kennet to south west of Reading on the Rlvcr Loddon.

18 ‘ The lnformatlon 80 galned was 1nvalugble as a basms for more-i;
detailed ground survey which was carried out during the follow1ng wack. The

results of this survey, togeother with a selection of the photographs, will bo

"exhibited at your meeting todoy.. —~.-

FLOOD PEAK 1ND RECESSTON i

19 '; Tbu poas of the &cnnet flood occurred at Thealc g“ug1ng statlon at
0230 hours on Saturday, 12th Junc., .Flow through the weir is calculated to
have bcen 2,000 cusccs. In pddition, considorable flows by-passcd the weir
which have been subscequently cstimated as cpproaching 1,000 cusecs, thus

meking the total flow of 3,000 cusccs the highest rccorded. .Levels did not

fa;l epproecisbly for some hours, and were continuing to rise in the Southcote
area at 0700 hours. Levels began to fell slightly during Seturday afternoon

“at Scuthcotc and Fobney, although some local rises werce recorded ‘as weirs were

clcared. of further obstructions, rcleasing large volumes of wata stored in tke
flood plaln Following a more steady fall overnight and the abscnce of
appreciable rainfall, the RED warning roverted to AMBER at 1130 on Sunday, 13th
Junc and to a YELLOW warning at 1015 on Wednosday, 16th June.

OTHER FTOOD OCCURRENCES

20. During the period described above, extensive flooding in the flood
plains of the lower River Blackwater and the middle or lower River Loddon also
occurrcd. An interesting sidelight of the acrial survey was the inspection of
the M.4 motorway bdridge crossing of the River Loddon flood plain ncar Sindlesham.
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This shewed the adequacy of the provision made both for the permanent and
temporary works and the suitability of the realignment of the rlvcr channcls
at this point.

21. There were many reports of local flooding, usually caused by the ([ ]
inability of flood water to rcach the watercourscs.

22, The rocecipt of flood rcporis from Local duthorities detziling the

number of propertics fleoodcd is not yct compleic, but will form an Appendix

B. to this report. To datc it is known that no abnormal flooding occurred

in tho Harlboroub-- arca, and no houscs werc Tlooded in Newbury. o
- -t.“‘ _&-‘ )

23. Furthor "hag vyara_nxalls occurrcd on the 14th~15th June and again

on 19th June,” Dartlcul 1~ly affe ctlng thc River Mole catchment. Although

unusuzlly high lcvels:® were rcached at’ S1dlow Br:dgc on cach occasion and

AMBER warnings were issucd ‘for: the. RlVCI Molc g5’ a’ result -the attenuation

was rcmhrkably uulcx ‘and - no floodlng Cnsucd.‘ ABecausc of tho unusuully.ﬂ="

the Thames Catchment.

CONCLUSIONS

24. ‘The basic cause of the floodlng in t o R:Lver Kemef'wasxnn L.btodly.’-'é. . o
the unusually heavy .rainfall spread over the’ three days, comnrlslng thc
initial wetting up period end the final dgy s rain-producing a high’ pcrccntagof
of run-off. Weed growth docs not appear to have been uvnusually prOllflC thlsﬂ.,;.-
year, but undoubtcdly this had somo effcﬂt in ralslng lowcls. - U

25. The operation of British Woterways' sluices was. entlrcly satlsfac-
tory,while the operation of those in privatc ownership was reasonably so. In
the latter cases, considerabla asslsuancc in operation and subscauent clearance
was giver both by British Waterways and - ‘your Divisional staff. Trouble Wwas,
however, cxpericnced with the removal of lasher boards which it is customary
to lcave in position during the summer months and the customary design of @
which does not lcand itself to casy. romoval, particularly under flood conditions.

I'must placc on recoxd ‘that the assistence rendered by British Waterways staff,

not only in opcration but in lisison and providing information, was cxtremely

valuablc and I should partlculgrly llkc to mcntlon my annrcclatlon of the

scrv1ces of Inspector Rogers. N .@‘

26, _ It bas not boen possible at this stage to cstimato the rcturn period §
of this flood but its pcak discharge is known to be 50 grcatc“ than that 1n
1947. ’ v

7Y
.._...J

27. The largc volumc of flood plain storago ev1dcnt frOm thc plans und
photographs " must have had a significant effect in reducing peak flows,. ®
particularly downstrcam of Theale through Roading. g '

28. Bcarlng in.mind thecrelatively few properties that were flooded, it

is qucstionable whether ony exténsive improvements are likely to be required.
Nevertheless, thero are certain critical points which must be examined in ®
detail and the results of my investigations will be reported to you in duec

course. The minimal flood damage is due in no small mcesure to the abacnce

of any significant development in the flood plain, -and -the plans now produced

will bc of the greatest ¥alue in supporting your cstablished policies in

regaré to development in the future. )

29, Pwo further matters arisc. The failure of thexland lines at a |
critical stage suggests the odvisability of establishing ‘a transmitting acrial

on the roof of the new office building and the feasibility of this will be
considered.
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30, .Sccondly, the usc of a helicopter to obtain flood information was
invaluable. The cmount of detail that could be scen was quite reasrkable,
to the extent that obstructions could easily be pinpointed and in mony cascs,
the position of sluiccs could be checked. This wos quite apert from the
prime purposc of dclineating flooded arcas and locating sources of trouble.

31, I an looking further into the possibilities of this type of survey,
vhich has alrccdy beer adopted by the Morscy end Weaver River Authority,
and wiil be prescnting a further detailed report cn all aspects.

i R "_‘-',,"— .‘

B

“ 7 B. J. BRETTELL

Chief Engincer
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Note on the Enborne at Brimpton flow record

Calculations for 50 year design flood at Theale

using rainfall runoff method

Calculaticns for 50 year design flood for the
Foudry at M.4 using rainfall runoff method

Composite inflow hydrograph and flcod routing

for 50 year event

Composite inflow and flood routing for simulated
1971 event .

Composite inflow hydrographs and flood routing of
10, 25, and 100 year events.




ARFENDIX -1 A note on the Ernborrne at-Brimpton flow record

The Enbcrne at Brimpton gauging stgtion is a compcund Crump weir,
origivally desigred to récoéa up to 18 cumecs iri the modular rawge.
There is no crest téppingi'Recordé from the station indicate several
problems. Firstly, the modular limit is suspected to be much lower
thary 18 cumnecs, perhaps arcund 12 cumecs.(Presumably in reality the
limit is dependent cor corcurrent water levels downstream in the

Kermet.) The gauging reccrd shows some estimated corrections for von-

modular flows but these are sporadic.” There are refererces in station

e
.

reports to backwater proablems from the Kenné£ and to bypassing from

upstream.” From 0S maps it appe&%s‘that:thé éharp RH berd a few 100
metyves upstream of the station is urmatural. Within the termns of the

study it was impractical to make a survey of the stream or to

research the,gaugiﬁg reccrd ir great detail.

At the cutset of the study, Thames Water supplied a revised rating
curve for the staticn. The effect of this is to reduce radically
flows above 12 cumecs. For example, the flow for a level of 1.0m iz

reduced fram #7.5 cumecs to 16.8 cumecs. The reducticn is believed to

. -
-

i November 1374 arnd in 1377.

e

be Based or two gaugings caﬁ%ied_oyt
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Wher the difficulties with the Enborne record were realized i1t was

decided to abandon its analysis and to examine instead the Kerinet at
Theale record. (See Section 3.3 of report.) The Kermel at Theale

record is more relevant to the flcocod plain under study. Moreover it
has head, crest and tail tappirngs, providing hydraometry of a higher

starndard than at Erimptor.
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Calculations for 50 year design flood at Theale using rainfall-
runoff method

f

rarprgnpaee e S 2 R 2 222 22T X PRI TEE I IR T LT E X EUCETE T apapgeangeggeavar S S 22222 22 SRR TS R T ]
Ur: DESIGN FLOOD ESTIMATION FACKAGE Institute of Hydrology
e r F NS EE T AL RS L E R X LY BT LR Y S k****«**ﬁ*#*****&*‘n******u*********ﬁ****** EX T E L 2 3

Run reference - theal

Araa 220 sq km Soil 1 0
tength 35.95 km Spil 2 O
Sl ope 2.2% m/km Soil I 0.4
SAAR 779 mm Soil 4 0.6
MS-2 S53.9 mm Soil 9 0
Jenkinson’'s r 0,346
Urban He=072
Smdbar 12 mem RSMD 27.46 mm
Unit hydrograph option 9
Urit hydrograph time to peak 24.00 Data interval
Design storm duration 45 houwrs
Return Feriod for design {flood SO.0 years
requires rainfall event depth of Bl.0 years
S-2day = 03.5 mm
MS--45. Ohour /MS-2day = 1.04 MS—-45. Ohour = 55.7 mm
MY/MS = 1.70 M 81.0-45.0hour = ?4.7 mm {(point)
ARF = 0.95 M 81.0-45.Chour = 89.46 mm (area)

Rainfall profile option 4

De=z1ign étcrm cepth 8%9.46 mm

Design CWI 11%.5

Fercentage runoff 47.5 7% { FR option !

Response hydrograph peak 66.2% cumecs ‘

Bazeflow q.6b 1= cumecs { Bascflow option 6
Desian hydrograph peal: 71589 7F-F7 cumecs
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Calculations for 50 year design flood de'tﬁé'Foudry at M4 using rainfall-runoff
method. i

Tt
4**#%*4***************4******4********************4******************§**********
Uk DESIGN FLOOD ESTIMATION FACYKAGE Institute of Hydrology
ﬁ*l***f***y*************&y*****i********&***********&***iﬁf***********i******3**

Run reference - foudl

area 48 sg km Spil 1 Q.38
Length 20.4 km Soil 2 0
Sloge 2.27 m/km Soil 3 0.233
SAAR 685 mm Soil 4 0.325
ME-2D 4e mm Soil S 0
Jenkinson ' r 0.4
Urban Be—-02
Smdbar iz mm REMD 24.88 mm
Unit hydrograph option
Unit hydrogaraph time to peal 11.23 Data interwval
Design storm duration 19 hours
Return Feriod for desiagn flcod 0.0 years
requires rainfall event depth of E£1.0 years

MS-2day = 48 mm
MSE—19. Ghour /MS5~-2day = 0.8 M3-19.Chowr = 40.7 mm
MT/7MS = 1.80 M B1.0-19.0hour = 7Z.3 mm (point)
ARF = 0.9E M 8l.0-1%9.0hour = &9.% mm (area)

FRainfall profile option 4
Design storm depth- 49.3 mm
Desian CWI 100.8
Fercentage runoff 31.7 %4 ( FR opticn 1
Respcnse hydrograph peak 23.27 cumecs
Baseflow 0,86 cumecs { Baseflow option
Decign hydrograph peskh 24,13 cumecs
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--APPENDIX C4

: .50 YEAR EVENT

Composite inflow hydrograph and flood routing for 50 year event.
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0.101°
0. 113
0.1837
G, 203
0. 22
Q. 253
0.&63

DL ESE.

0. 047 Q. 047
Q. 148 Q. 174
0. 333 Q. 206
0. 071 0.071

Q. QOO 0, QCo
17.646 20,167
8.538 €. 345

G. 037 0.037
Q. 116 0. 136
0. 260 Q. z3

0. 055 0. Q55

£.001  9.00E
0. 580

0, 063 0,071
0. 2e8 0. 306
0. &E8 0. 174

0. 089 0. 047
2. 5&1 5. 042
18.514  16.861\
9,232 3. 629
0. 054 0. 055
0.207 0,233
Q. 203 .136
0. 054 0,037

12. 002 10,416

0.0325 0.035  0.051 0. 0SE
0.109 0.123 0.198 ©.z2e
0.246  ©.22 0.198  0.1&9
Q. 0SZ 0. 052 Q. 051 0.035
9. 235 9.£38 E.671 2. €44
[Z. 0-naur STORM

"SUBCATCHMENT FLOWS TOTAL
umecs cumecs Cl.l.l'(iECS cumecs
9.75 0.97 0. 51 11.23
9.75 1.19 0.832 11.78
3.75 i.52 1.17 12. 45
3.87 c. 02 1. 48 13. 36
10. 11 z. 51 1. 7€ 14.37
10. 47 z.38 1.9 15. 39
11. 00 3. 45 2.09 16.S4
11.71 3.87 2. 89 17.83
12.€0 4. 31 2.52 13. 44
13.68 4.83 .97 21.48

15,00 5.51 3.54 24,05

116,42 6.54 4.41 27,328 -

18.04  7.88 5.%8 31,50
13.83 ~.9.52.  6.80 . -Z6.22
22.14 11.48 7.93  41.5%
&4.85 13. 46 8.92  47.22
Z8.1F __ 15.24___ 9.55 ._.S2.90

0. 071

0. 333
o St

G, 1148
Q. Q47

7.5G3
15. 206
1,987

0. 055
0. 260
0.11%
0.027

8. 4473

0. 052
Q. 246
0. 109

0,035

G. 617

Q. 077
0. 27
0. 126
Q.07

10. 083
13,556

0. 324

Q, QEQ
2.283
0. 098

-

Q. O3Y

€. 481

0. 057
D.274
G. 025
0. 025

G. 031

. e
2. 3235

0. 091

. ECH
L 20S

[

. 071

. 071

Q. 07
0. &31
0. Q&7

e Ve

S
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S1.0
S4.0

S7.0
£0.0
63.0
£E.Q
63.0

72. 0
75.0
78. 0
81.0

84.0
87.0
90,0
23.0
9E.0
39.0
102.0
105.0
108.0
111.0
114.0
117.0
120.0
123.0
126. 0
123.0
132.0
135.0
138.0
141.0
144.0
147.0
150. 0
152.0
196.0
159.0
1E2. 0
165.0
168. 0
171.0
174.0
177.0
180, 0
183.0
186.0
183.0
1392. 0
195. 0
198. 0
201.90
04,0
207.0
210.0
213.0
216. 0
213.0
cee. 0
2es. 0
2z8.0

'231.0

234.0
237.0
£40.0
&43.0

..246.0

. z2z?
0. 203
0.183
0.113
Q. 101
0. 086
0. 062
G, QS3
0. 048
0. 048
0. 047
. Q52
0.032
G. 022

31.39
36. 48
41.328
4. 51
S1.67
SE. 40
€0.34
63. 325
65. 20
£5.75
65. 05
€2, 26
£0. 49
S6. 92
S2. 34
48.70
44,33
40, 00
25.83
S1.91
23, 30
c9. 04
gz. 21
13. 74
17.59
15. S0
14,52
13, 41
12. 50
11.7€&
11.15
10.66
10. 273
10.03
3, 86
3,77
3.7S
3.75
3.75
9.75
9.75
9.7%
9.75
9.75
9.75
9.75
9.7%
9.73
9.7%
9,75
9,75
9. 7%
3. 7S
9,75
9.7S
9.75
9.75
9.75
9.75
.9.75
9,75
9,75
9. 73
'9.75
3,75

SN - Py &~ Fp—

SCcoDO0DoOR

Q

oG

OCLOQ0OCQOOQoOQOCO0o

o000

[eNeNeNeRoNeRoNa

'-'-"-I'ONL-J[-J:!"

.66

S4

73

.18

oz
41

.47

o5

. 82

- =
Ol

18
21
70

=
~t

&7
.77

—

.
.39
.14

28

. 88

86

. 86
. 86
. 8E
. 86
. 86

86

. Be

ae

. 86
. 86

8&

. B&
. 86
. 86
.86
. 8&
. BG
. B6
. B6
. 86
. BE
. BE&

86
86
86
a6

. B&
. B&

86

. 86
. 86
- 86

86
86
86

. 86
.86

86
86

. 86
. 86

.86

.70
9. 41
8.713
7.78
&.53

c ==
9. 33

4. 30
- 46
a7
48

-
(=N

. 09
.30
73
. 46
o8
73
S0
.37
35
35
.25

e

o

Pbl

fo [

- o T

O(?O:*H.

cccoo

=5
0. 3%
.35
0.35
0. 25
0.25
0. 25
0.35
0. 325
0. 29
Q. 25
0. 35
0. 35
0. 35
Q0. 25
Q.35
0. 25
0.3S
0. 25
Q.35
0. 25
0. 35
0. 35

0. 35

0. 35

0. 35
0.35
0. 35
0. 35
0. 25
0. 35
0. 35
0.35
0.35

0. 235

0.35

Q.35

-

0. 35

0. 35,

“0.35.

58,39
€. 44
£7.93
71.46
74,53
7E. 14
77.11
77. 26
76.83
75.56
73.48
70.E5
&7.03
£2.897
58,15
S3. 06
47.84
2.71
Z7.9%9
ZZ.65
29.73
ZE. 3T
3. 44
20.95
18. 80
17.11
15.73
14,62
12,71
1z.97
12.36
11.87
11.50
11.24
11.07
10.98
10. 26
10.96
10,96
10. 3¢
10,96
10. 96
10. 3¢
10. 36
10.96
10. 36
10, 96
10,36
10. 96
10. 36
10.9¢
10,36
10, 26
10. 96
10.9¢
10.9¢6
10.96
10. 56

10.96
1Q.96°
10,96
-10. 96
19.96

10.96
10.96




]
~ 243.0 3,75 0. 8 0. 25
‘. 2520 9.7 0. 86 Q. 35
¢SS, 0 3.75 Q. 8¢ 0. 35
] 2=8. 0 9.75 0. 86 Q.35
« £61.0 3.75 G. 86 0. 35
264.0 39.75 0. 86 0. 25
2e7.0 9.75 0. 86 0. 35
& 270.0 9.75 0. BE 0. 35
® 273.0 9.75 G. 8E 0.38
¢ 276. ¢ 9,75 0. 86 ¢, 35
.
¢ FLOOD ROUTING ASSUMING THROTTLE OF 14,00
1 AND FLOOD PLAIN STORAGE LAG OF IE.00
¢
TIME INFLOW o2 Q3  OQUTFLOW
, h'f" cumecs cumnecs cumecs cumecs
Q.00 11.23 0. Q00 Q. 00 11.23
) 3.00 11.78 0. 00 a. 00 11.78
(. 6. 00 12. 45 0. 00 0. 00 12, 45
9. 00 13. 36 0. 00 0. 00 13. 36
12. G0 14.37 0.37 0.0 14,02
o 15. 00 15. 33 1. 39 0. 03 14,09
18. 0O 16. 54 2.54 0. 26 14, 26
) 21. 00 17.83 3. 83 0.58 14.52
L 24, 00 13, 44 5. 44 0.83 14.8%9
27.00 21.48 7. 48 1.33 5. 39
20.00 24,05 10,05 2.05 1€. 05
‘ 33.00 £7.38 13. 38 2. 91 16.91
Z6.00  31.50 17.50 4,03 18.03
. 39.00 36.82 zz.ee 5. 45 19. 45
L 42,00 41,55 27.55 7.13 21.19
45,00 47.22  33.8& 9,27 23.87
) 48.00 52,90  38.30 11.66  &5.66
C 51.00 S8.35  44.35 14. 35 28. 35
® S4.00  E£3.44  479.44 17.26  31.28
$7.00 67.93 S53.93 20.34 4. 34
. £0. 00 71. 46 S7. 46 23,50 37.50
£€3.00 74.23 £0.232 EE€.£7  40.€7
66.00 76.14 €2.14 23.75  43.7S
O £9.00 77.11  63.11 32.70 4E.70
72.00 77.326  63.36 3S.43 49,43
L 75.00 7€.8% 62.89 37.31  S1.91
G 78.00 75.56 61.S6 40.08  S4.08
B1.00 73.48 59.48 41,91 S5. 91
. 84.00 70.65 SG.65 43.326 57.36
L 5 87.00 67.09 53.09 44.33  SB8.39
30.00 €2.8%  48.89 44.%98 58,738
® 93.00 5B.1% 44,15  45.18  53.12
O 96.00 S3.06 33.06  44.80  58.80
99.00  47.84 133,84 -.,44.06 58,06
- 102. 00 42.71 28,71 . 42.31  Se.91
O 7 105.00 37.95  23.95  L41.43  S5.43
; i 108,00  33.65 19.65 . 39.67 S3.67
P P 111,00  29.79° 15079 737 71 5107107
@Y ' 114.00 @6.37 12.37 '35.59  49.59
| . 117.00 23,44 [9.4%  :33.38 47,38
i 120.00 20.95 £.95  31.13  45.13
< 122.00  18.80 4.80 28.87 4=.87
————— A6 00 17,01 243l 3L.640 ___40.64

PP L P ULMLTOM

Iy

IS EsrrOUOAONS

Llulag
10, 3¢
10. 98
10. 9
10.9¢
10,36
10.9¢
10. 3¢
10. 3¢
10, 96

cumecs
hours

STORAGE
Mm3

0. Qo0
0. 0600
0. 000
Q. 000
0. 002
0.011
0,020
0. 080
Q.103
. 1EQ
Q. 236
0. 336
0. 465
C.ec8

0. 828

1. 067
1.344
1.653
1.988
. 243
. 707
o7e
428
TE7
081
267
.618
828
935
114
18&
138
161
. 075
. 942
77c

« ¢ .5 =

4]
~
(o]

2t N




¢

129, 00
1Zz. 00
1325, QO
128,00
141, 00
144,00
147.00
150. 00
1SZ. 00
1SE. QO
1S9, 00
1EE. OO
1€£5%. Q0
168, 00
171,00
174,00
177.00
180, 00
183, GO
188&. QD
189, 00
132. 00
13S. 00
128. 00
201, 00
204, 00
c07. 00
210, 00
=13, 00
216.00
219, 00
22&. 00
225, 00
2&8., 00
231, 00
234, 00
2Z7. 00
240, 00
243, 00
246, 00
&49, 00
252, 00
255. 00
258. 00
2E1. 00
264, 00
267. 00
270.00
273. 0
276. 00

1S5. 73
14. 62
12,71
2. 37
12. 36
11.87
11.50
11.24
11.07
10. 38
10. 96
10. 3%
10.96
10,96
10. 96
10. 36
10, 96
13, 3€
10. 36
10,936
10, 96
10. 36
10. 36
10.96
10. 36
10,36
10,96
10.9¢
10. 96
10. 76
10, 36
10. 36
10. 36
10.9¢
10. 96
10, 36
10. 26
10. 36
10. 26
10. 356
10, 96
10.96
10. 96
1¢. 36
10. 96
10. 96
1¢. 96
10,36
10,96
10.36

INFLOW PERK
OUTFLOW PERK

FEAK STORAGE
ATTENMUAT 10N
PERK~FERK LAG

STOP

1.72 AL L7
Q.62 SE. 33
Q. 00 20, 41
Q.00 18. 58
Q. Q0 16. 32
Q.00 15.41
Q. 00 14. 03
Q.00 12.77
Q. 00 11.63
0. 00 10. 59
0. 00 9. &4
Q.00 8.78
¢, 00 7.933
0. 00 7.23
0, 00 €. 63
0. 00 £.03
Q. 00 S. 49
0. 00 S. 00
Q. 00 4. 995
Q. 00 4.195
Q. 00 z:78
0. 00 3. 44
G, Q0 3. 13
0. 00 2.85
Q. CO z. 59
0. 0O 2. 26
0. 00 2. 15
0.00 1.96
0. 00 1.78
Q.00 1.62
0. 00 1.48
0.00 1.35
0. 00 1.23
0.00 1.12
Q. 00 1.0
Q.00 0.93
0. OO . 84
Q.00 .77
0. Q0 0,70
0.00 0.64
0. 00 0.58
0.00 0.52
0. Q0 0. 48
0. 00 0.44
0. 00 Q.40
0. 00 0.36
0. CO 0. 32
0. 00 0,20
0. 00 .27
0. 00 .23
77.37 cumecs AT
$3.13 cumecs AT

ny.

0. 47

. 8173

36.3% 2.5773
34.12 2.351
21.56  &.141
&3.38  1.949
27.28 1.775
25.53 1.e1€
24.02 1.471
22.70  1.340
£1.56  1.220
20.€0  1.111
19.74  1.011
18.95  ©.321
18.26 ©0.838
17.539 0.7€3
1€.99  0.635
16.45  0.633
15.96  0.576
1S.51  ©0.S&5
15,11 ©0.478
14.74  0.435
14.40  0.336
14.09 0. 261
13.81  0.zz8
12.55  ©0.299
1Z.32 ©0.z72
12.11  ©.248
1e.92 o.:ag

12.74  0.205
12.58  0.187
12. 44  0.170
12.31  0.155
12.19 0. 141
12.08  ©.123
11.38  0.117
11.83  0.107
11.80  0.097
11.73  0.088
11.6€  0.080
11.60  ©.073
11.54  0.067
11.49  0.061
11. 44 0.055
11.40  0.0S0
11.36  0.046
11.32  0.042
11.83  ©.0z28
11.26  0.035
11.23 0.032
11.21 0,029

71.5 hours
F2. 4 hours

5.193 M3 AT 92.4 hours

23.6 %
20.9 hours
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APPENDIX C5 :

JWE 1971 SIMULATION

Composite inflow hydrograph and flood routing for simulated 1971 event.

C:\DWR\NJOR\KENNET) tykensim

11

SURCATCHMENT

NET RAINS: 0. 000 0, QOO Q. 263 0.015 0.021
0,023 Q. 000 0. 000 Q. 0e2 CQ, Q00
Q.23 0. 63 0. 658 . 280 Q. 844
UK ORDS. 0. 0QO0 Q. D00 0. QOO0 &.S&l S. 042
1. 185 17.e646 20,167 18.514 1&.8&1
10.E90 8.%38 E.345 S. 222 Z.637
SURCATCHMENT &
NET RAINS: Q. GO0 ¢. 000 0. 145 0. 003 0.017
0.013 0. 000 Q, QOO 0. 0324 Q. 000
0. 128 0. 149 Q. 2E4H 0,210 0. 466
U~ ORDS. Z.001 6., QU1 .00z 1E&.002 10,416
&, 547 Q. 580
SURCATCHMENT 3
NET RAINS: Q, QOO0 Q. 000 . 102 0. Q0OE 0,012
Q. 003 G DOO Q. QOQ Q. 04 Q, 000
Q. 030 O, 102 0. 254 Q. 147 0., Z26
UH DRDS. 4,617 9.23S 3. 638 €.6£71 S. 844
HENSIM - SIMULATION OF JUNE 1371 FLOOD
TIME ORIGIN IS 02.00 ON 8 JUNE 1371
TIME RAIN SUBCATCHMENT FLOWS TOTRL
he mm/hy cumecs cumecs Ccumecs Ccumecs
0.0 0. 000 38.75% 0. 88’ Q. 35 10,96
2.0 0. QUO 3.75 0. 86 0. 35 10,9
E£.0 Q. 183 3.79 1. 30 Q, 82 i1.87
9.0 0.011 9.79 1.76 1.322 1Z.83
12.0 0, 022 9.75 2.27 1.4%5 132, 47
1.0 0. &00 10,41 3.89 1.€3 15. 36
18.0 0. 011 11.12 .58 1.90 1€.£0 .
21.0 0.0086 11.90  3.8:3 1.63 17. 26
24.0 0.017 13. 328 4.04 1.24 18. &7
27.0  0.000 14.91Y .54 0. 320 19.35
30,0;;?0{0003 A6.45 - .. E.94 ,o.ssus,19.93
23.0: | 0.044 18,05 2. 42 .53 21.00
36.0 0.000.. 19,865 2.03 L0.61: 22.29
©39.0 0,022 - go.15  1.80 '0.64 7 22.S3
2.0 0. 006 20. 75 1. 60 Q.63 2z.98
45,0 O.006 cl.&21 1. 48 0.5% 22, &9
e BB, 00,167 ___20G.3S9_ . __ 1.84 __ 0.3%€._.. E3.24

C. 279
G.031
0.'418

7.563
15.¢208
1.387

0. 154
0.017
0. 231

8. 443

0.108

0. 012
0. 161

0.
.
0.

10,
13.

a.

0.
0.
0.

O.

018
003
345

(9] - YOt
oo6

334

003
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Lo g

. 481
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ek
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0. 008
Q. 006
Q. le3

12. €04
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0,004
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0. 030

Q. Q0%
Q.03
0. 0L
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G
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¢

S1.0
S4.0
S7.0
60. Q
£3.0Q
66. 0
€£3.0
7.0
75.0
78.0
81.0
84.0Q
87.0
230. 0
3.0
6. ¢
299.0
102.0
10S.0
1Q8. G
111.0
114.0
117.0
120.C
122.0
186. 0
129.0
132.0
135.
128.0
141.0
144.0
147.0
150, 0
152.0
15€. 0
1353.0
1€£2.0
16£5.0
ies. ¢
171.0
174, 0
177.0
18¢. ¢
183.0
186. 0
189.0
19&2. 0
195.0
198. 0
201.0
204.0
207.0
210.0
c2l13.0

FLOOD ROUTING ASSUMING THROTTLE OF
AND FLOOD PLAIN STORAGE LAG OF

.TImE

0.183  19.9&
0.478  19.24
0.272  13.0S
0.60E  19.53
0.300 21.66
0.678  24.49
0.117  29.45
35. 34
43. 92
52.93
€1.13
€8. 55
73. 34
7€. 56
76.&3
74,89
€£8. 33
£1.78
$5. 25
48.76
42,30
5. 84
29.69
&3. 97
13. 21
15. 16

10. 39
3.75

3.75
3.75
3.7S
9.75
9.75
3.75
9.75
3.75
3.75
3.75
3.73
3.75
9.75
9.75
9.75
9.75
2.75
9.73
9.75
3.75
2.75
9.75
.75
9.75

ANFLOW. 02 ..

2. 56
4. 28
€. 80

10. 04
12.30
16. 42
18.73
18. 85
17.73
14,21

10.5S

7.36

2.73
1.33
0. 91

C. 86
0. 86
0. 85
Q.86
Q. 8&

0. 86
0. 86
C. 8&
0. 86
0. 8o
Q. 66
G. 86

0. 86
0. 86
0, 86
Q. 86
0. 86
Q.86
Q. 8§
0. 86
Q, B&
0.86
0. 86
0. 86
0. 86
Q. 8&
0. 86
0. B&
0. 86
¢. 86
0., 8&
0. 86
0. 86
0. Be
Q. 86
0, 886

Qz.

i.74
3.37
hHh,37
6. €8
7.ES
8.63
8. 44
&, 82
4.18
.20
Q.80
0.29
0, 35
0. 35
0. IS
0. 35
0.3%
0. 35S
0, 3%
0. 3%
0. 35
Q. 25
Q.29
0. 35
Q. 35
0. 35
0. 25
0, 35
0. 35
0. 329
0. 32
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©
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GaGa@nnnn
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Q. 35

0. 35
0. 35

0. 35

Q. 35
0.35
0. 35

0. 35
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T,

=4,
26.
0.
SE.
42,
49.
S6.
&1.
65.
69.

—
e

76.
78.
73.
78.
75.
63.
&z.
Ge.
49.
43.
37,

-

S0,

e
5.
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i6.
13,
11.
11.
10.
10.
10.
10.
10,
10,
10,
10.
10.
10,
10.
10,
10,
10,
10,
10,
10.
10.
10,
10,
10,
10.
10.
10.
10,
10.

99
az
24
€0
S6
ez
Qi
83
49
43
S0
29
€4
Q4
oS
S4
33
46
97
Sl
05
30
18
4
=7
s7
1Y%
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36
36
36
36
96
36
36
26
€
36
36
26
56
36
95
36
96
36
6
S&
36
36
26
€&
36
g6

iq.bo cumecs
32. 00 hours
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. h‘r“ Cuaecs cumecs cCumoCcs CueC i'lm_'-‘,
. 0. 00 10. 926 Q. 00 Q, OO 10. 3¢ Q. Q00
.00 10. 96 Q. 00 0. 00 10,96 O. 000
(G &£.00  11.87 0. 00 0.00 11.87  O.000
9. Q¢ 12.832 Q, 00 0. Q0 12.83 0,000
. QU 13. 47 ¢. QU G, QO 13, 47 Q. QOO
& 1S.00  15.36 1. 26 0,06  14.06 0,007
o 18.00  1€.60 2. 60 0.23  14.83 Q. 027
Z1.00 17. 36 3. 36 0. 48 14,48 0,055
a 24.00  18.67 4.67 0.79  14.79  0.092
27.00 19. 35 5. 35 1.17 1S.17  0O.135
20. 00 19. 92 5.93 1.57° 15.57  0.181
1N 33,00 21,00 7. 00 2,01 16.01 ¢.E&31
PY 36.00 2,83 8. 23 z. 51 16. 51 Q. 230
_ 39.00 =&.53 8.53 3.06  17.064  0.351
¢ 42,00 22.38 8. 38 .56  17.56  0.410
45,00 23.89 3.23 4. 06 18.06  O.467
48, 00  23.34 9. 34 4.53 1B8.53  0.%zZ
¢ 51.00 24,23 10.23 S, O 19,00 0. S76
S4.00  26.33 12. 93 5,59 19.S3 Q. 644
o 57.00  30.83 1€. 83 €. 48 2O, 42 3. T40
L £0.00  36.24  E22.24 7.60 £1.60  0.87S
£3. 00 =.69  =28.€9 3.13 23.19 1.0S3
. £6.00  49.S€  35.56 i11.284  25.24 1.895
{ 69. 00 S6. BE Ha. 62 13,73 27.73 1.58z
72,00  61.01 47.01 1€.51  30.51 1. 902
75.00 £5.83 S1.83 19. 46  33.46  Z.242
L 78.00 63.49 S5.45 22.52  36.52 £.594
81,00 72.49 SB8.49 25.60 39.60  2.950
84,00 76.30 E&E.30  E8.7%  42.78 3.308
{ 87.00  78.35 €4.35 31.82  45.82  Z.86S
90.00  79.64 ES.E4  34.78  48.78  4.007
) 93.00 78.04 E€4.04  37.47 S1.47  4.317
@ 96.00 75.S5  €1.55  39.74 S3.74  4.578
99,00 E3.5S4 SS5.54  41.42  SS.4Z  4.77%
102.00 68.99  48.99  42.39 SE.39  4.884

l 105,00 SE. 46 4T, 406 42, 63 SE.67 4.918

108.00 43.97 35.97  42.38 S6.38  4.88%

111.00 42,51 23.51 41.852 S5.52  4.783

. 114,00 37.05 £3.0%  40.15  S4.1S5  4.E76

o 117,00 30,90 16.3%7 328.3% S2.3Z5  4.418

120.00  £S.18 11.18 36.17  S0.17 4,167

{ 122.00 20,42 €.42 33.7& 47.72  3.885

126. 00 16. 37 2,37 31.10 45,10  3.583

123.00 13.57 0.00 =2B8.42 41.33  3.274

L. 132, 00 11, E0 0. 00 5. 88 27.48 2. 981

® 135. 00 11.01 0.00 23.5 Z4.58  2.714

) 138, Q0 10, 36 0.00 21.45  3&2.41% 2.47z

¢ 141,00 10, 98 0.00 13.53 30.49 2.250

144, 00 10, 96 0. 00 17.79 2B8.75 £.043

147.00 10,96 0.00 16.13  &7.15 1.866

C 150. G0 1Q, 9E 0. 00 14,75 25,71 1.£93

1S3, 00 10,36 0. QO 13,43 24.39 1.547

® . 156. 00 10.96 0. 00 12. & 23,18 1.408

N S 159.00 10.96 0.00 11.13 22.09 1.282

’ 162, 00 10.96 0.00 10.13 21.09  1.167

i 165.00  10.96 0.00 9.23 20.19  1.063

i (G 1£8.00  10.3€ 0. 00 8.40  19.36& 0.988
i i 171,00 ::°10.96 .. 0.00 7.65 18.61  0.881

o 174,00 © 10.3€7 7 0. 00 €.97 17.93 0,802 "

T @ ' 177,00 10.96 0.00 6.34 17.30 0,731

180, 00 10,96 0. 00 S.77 16.73 ¢ 0,665

182. 00 10. 96 0.00 S.26  16.22 0.€06

6 186, 00 10. 96 0. Q0 4,73 15.75  0.851

183,00 10. 36, 0. 0¢ #. 36 S.38 0. S0z




139&. a0
195, 0O
198. 00
c01l.00
cO4. 00
207,00
=10, 00
E13.00

10. 96
10, 96
10, 36
10. 396
10, 36
10. 36
10. 36
10Q. 36

INFLOW FERK
OUTFLOW RPERK

FEAK STORAGE
ATTENUATION
FEAK-FPERK LRG

STOP

Q0. 00 =.97 14,33
Q.00 .61 14,957
Q.00 .29 14. 295
0.00 .00 13.36
0. QQ 2. 73 12.E£9
0. 00 2. 48 13. 44
. 00 z. 26 13. &2
Q.00 2. 06 13.02

O, 457
0. 416
0, 379
0.345
0. 214
Q. 286
0. 260
0, &37

73.65 cumecs AT 8%3.8 hours
SE.69 cumecs AT 10S.0 hours

4.918 MmE AT 1050 hours
z8.8 %
15.1 hours




APPENDIX C6

Composite inflow hydrographs and flood routing for 10, 25

and 100 year events.
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Z07. 00 10, 96 0. 00 1.49 12,45 Q.
Si0. GO 10, €& Q.00 1,25 12, 314 Q.
213, 00 10, 96 0. Q0 1.23 c. 19 0.
216,00 10.9¢ O, QO 1.1 Z. 08 Q.
19,00 1. 36 0, QO 1.02 i1.28 Q.
S, 00 LOL 38 0. Q0 .93 11,89 Q.
sE5. 00 10, 36 0. 00 0. 85 ii. 81 Q. C
8. 00 10,36 Q. Q0 0,77 11.73 D, ¢
23Z1. 00 10. 96 Q. Q0 Q.70 il. &6 0. 08
234,00 10,36 0. Q0 0. E4 11.60 0,0
237. 00 10. 36 Q. Q0 0,58 11. 94 Q. C
40, ) 10,726 Q. 00 0,53 11.43 Q. Q&
SAS. 00 10. 96 Q. Q0 )., 486 11. 44 Q.
Z46. 00 10, 36 0. 00 0. 44 11.40 0,
2430 00 10. 26 0. 00 Q. 40 11. 26 Q.
SHE. 00 10,396 O, Q0 Q.26 11. 32 0.
2H5. 00 10. 96 Q. Q0 . 33 11. &9 Q. 03
258,00 1i, 96 O, 00 0. 30 i1.2¢ (W
ZEe1.00 10. 96 0, Q0 0. 28 11.24 Q, 032
264, 00 10. 36 0. 00 0.29 11.214 Q.
267,00 10, 36 Q. OO0 0,23 11.13 Q. C
270,00 10.36 QL Q0 0,21 11.17 Q.
273,00 10,96 0. Q0 .19 11.15 Q. oz
276,00 10,396 .00 0.17 11.13 Q. 0&

INFLOW FERK 59.83 cumecs AT 71.7 hours
OUTFLOW PEAK 46. 02 cumecs AT 32.4 hours

PERK STORAGE 3. 68
ATTEMUAT LOM 2. 3
FERK-FERK LAG 20.7
STOR

9 Mm2 AT B2, 4 hours

b A
hours




C: \DWRNJOBNKENNET?

Q1

SUBCATCHME

NET RRINS:

U ORDS.

SUBCATCHME

NET RAINS:

Ukt ORDS.

SURCATCHME

NET RAINS:

UH ORDS.

KENGIM FOR

TIME
by
0.0
2.0
6.0
3.0

1s.0

1S.0

i8. 0

1.0

ch. O

270

S0, 0

33.0

3G, 0

39.0

42,0

L5, O

48,0

kersim

25 Year .Event

NT
0, 042 O, 04 Q. Q4 0. 00
.1t 0. 130 0. 153 0.235
G, 356 0. &9 0. ZESB 0. 238
0. 068 Q, 06 O. Q&S 0. 060
O, 000 O, Qoo O, 0OQOQ 2. o921
15.125 17.648 00167 18,914
10, 250 8. 538 &. 345 S. &9
NT
Q. 052 O, D35E O, O3E . Q4rF
QDL 086 0,101 Q.118 Q. 186&
0. 258 . 226 Q. 208 Q. 18%
0, 0S3 0. 048 O. 045 Q. Q47
2. 001 6. 001 Y. 00z 1z 00z
2.547 0., S80
MNT
Q, O30 0. 030 G, O30 O, Ol g
O, 081 G035 Oa. b1z O, 17
0. 2359 O.214 0. 197 Q. 17¢&
O, OS50 . O4E . G146 €. 044
4,617 G235 3. 6236 &. 671
E.E mm, 3. O—houe STORPM
RAIN SUBCATCHMENT FLOWS
i/l cwmecs  cunecs  Cclaecs ©
Q, 038 2,75 ¢. 96 Q. 49
G, D32 .75 1.15 0. 77
0. 03z 3.75 1. 44 1.07
Q. 047 3. 85 1.87 1.33
Q. 048 10. 08 .23 i.586
0.048 10,38 .71 1.74%
0. 053 10. 84 3. 1& 1.87
[ PR TN 11.47 3. 48 .01
0. 088 12,29 .87 E. 24
Cr. 101 13,20 4, & 2. 63
0.119 14,35 4,91 3.13
Q. 183 15,60 5.81 .83
G 209 17.0& E. 37 4. 31
Q. 227 18.¢64 8.41 Y. 37
0,253 20.61 10. 11 €. 96
0,69 22.99 11.83 7.81
T N T Y e T Y A T
0.253°  TE5. 85 ™ 15, 39 08 Be

0. OEE

0. 68
Q. 153
Q, 06z
5, 048
16. 861
3. 629
Cr, 48
O, 208
0.118
Q. 032
1i0. 416
Q. D46
G, 137
.11z
1. O350
3. 644
TOTAL
umecs
it. &0
11.67
1. e
15,08
13. 34
14,83
15. 83
16. 295
18. &
20,13
o, 29
25. 30
z&, 30
3. 08
37.67
4E. 64

/*7- Eil:l‘ - .‘

O, 062
0,232
0. 130
0. 04

7.9632
15,208
1.987

0. 048
0. o226
G, 101
O, O3

8. 443

0. 046
G.2ZLl b
Q. 095
G, 030

0.617

0. 0EDLH (.
0. 326 0.

. 111 Q.

19, 063 =
13.5%8 11,

N ]
Q. 334

[ R 0,
O, 25 i,
0. D8BE Q.

0,052

€. 481 4.

0. 050 .
Q.25 .
O, 06i Q.

), 1510

VB0
Iag
80

&%

s

OES
Sea
Q&S

Sih

r
(AR
& o

-
)




-
W

(o Nallo el Nal

o3 P I (Y3 CF B (I (O (]

OoONSs - DO

0,227 293. 24 14.63 8.50 S&. 37
0. 2093 33.18 15. 40 8.25 S6. 82
0.183 27.48 15.58 7.70 &60.76
0.113 41.97 15. 08 &. 8= €£3.87

0.101 46. 49 14,07 S5.74 66. 30
0. 086 S50.63 12. 67 4, 63 7. 99

0. 062 S4.03 10,97 AT 8. 8¢
0. 053 S6.73 9. 21 2. 06 £9. 09
0.048 58. 35 7.79 =. 904 €£8. 673
Q. 048 58. 83 &.90 .21 €7.54
G, 047 J8. &2 S. 03 Z.01 65. 78
Q. 032 S6. 65 4,73 i1.86 63. 24
0,032 S4. 22 4,21 1.70 0. 13
Q. 032 S1.10 3. 80 1. 56 S56. 45
47.61 .58 1,32 92, 30

43,89 & 96 Q. 99 47, 84

4Q. 06 .52 0. 68 43,27

ZE. 26 . 0% 0, 408 38.78

I 61 1.2 Q.57 4. 61

£9.17 1.3& 0. 395 0. 85

2e.01 1.11 0. 35 Z27. 46

23. 15 0, 26 0. 25 Zho 46

20,67 0. 83 0. 35 21.30

ia. 31 0. 86 0. 35 19. 7

1€.62 0. 86 0. 39 17. 82

15,14 0. 86 0,35 1€. 35

13.33 0. 86 Q.35 1S. 14

12.95 Q, 86 Q, 35 14. 16

12. 16 Q. 86 Q.35 13.37

11.51 0. 86 0.35 i1&. 72

10.38 0. 86 0. 35 1. 19

10,55 0. 86 0, 35 11.7&

10,22 G, 866 0. 35 11. 43

10,00 Q. B Q.35 11. &1

3. 85 0. 86 0. 25 11. 086

3. 7€ Q. 86 0. 39 10,97

.75 0. BG 0.35 10, 96

2.7 0. 86 0035 10, 96

3.7 Q. 86 0. 35 10, 56

3.75 O, B6 Q, 35 10, 36

2.75 0, 86 0,35 10, 36

3.75 0. BE 0. 25 10. 5¢

9.75 0. 86 0,35 LO. 56

9.7% Q. B& Q. 10. 96

.75 ¢, 86 Q. 10.96

3.75 ¢. 86 Q. 10. 36

B8.75 0.86 Q.
3.75 0. 86 Q.

10, 3¢
1G, 96

nULn L en

| ST PYT CS I Y2 Y I GV T SS AN O I £

3.75 0. 86 Q.35 10. 396
.75 0. 86 0. 35 10. 3¢
Q.75 0. 86 0. 35 10. 36
3.75 0, 8& Q.35 10. 36
3.75 0. 86 0. 35 10. 36
83.75 0. 86 0.35 10. 36
.75 0. 86 0. 35 10. 736
9.75 0. 86 0. 35 10.36
3.73 0. 86 0. 35 10.36
3.73 Q. 86 0,35 10. 3¢
2.75 0. 86 0. 35 10, 36

erc

& &
(S S ST SN I NI S SRR T FE ST (SR SV I O

9. 75 0. 86 S 10,96

3.75 0. 86 S 10.96

9.75 0. 66 0.35  10.96

9.75 0. 86 0.35  10. 96

3.75 0. 86 0.35 10, 96

9.75 0. 86 S 10.96
5

.75 0. 86 10.9¢&




S43.0 3,79 0. 86 0.35 10,96
&58.0 9.75 Q. 8 0. 35 10, 96
259.0 2.75 0. 86 0,35 19. 36
258.0 9.7S 0. 86 0. 35 10. 36

L
nd

zZ61.0 9.75 Q. 86 O, 35 10, 36
ZE4. O 9,75 Q. 86 Q. 35 10, 96
c2E7.0 .75 0. 86 0.35 10.96
=70.0 9.75 Q. 86 0, 35 1 0. 36
&73.0 2.75 Q. 8¢& 0. 35 10.36
276.0 3.7% Q. 86 0. 35 10. 96

FLOOD ROUTIMNG ASSUMING THROTTLE QF 14,00 cumecs
AND FLOOD FLAIN STORAGE LAG OF 32,00 hours

TIME IMFLOW gz Q3 OUTFLOW S1T0RAGE

hy cumnmecs cumecs cumecs cumecs Mms

Q. Q0 li.20 O, 00 Q. Qo Li.20 O, OO0
3. 00 11.67 Q.00 Q.00 1. 67 Q. 000
E. OO 12, 26 OO0 Q.00 1.z Q. QD0
9. 00 12. 08 0. QO <, 00 12. 086 Q, 000
12, 00 13,34 Q.00 Q, OO 13. 34 Q, QOO
15,00 14.83 0. 83 0. 04 14. Q4 . GO4
18, Q0 15.832 1.82 Q.15 14.153 0.018
Z1.00 16. 3% =. 98 Q.35 14. S 0. 041
S, OO0 18. 3¢ 4. 26 G, 635 14.6£5 Q.07%
7. 00 oL 18 £.15 1. 0§ 15. 08 0. 122
20,00 2a. 33 a.339 lL.&& 13,88 . 1BE
33,00 wo. S0 11, 30 2. 39 16. 35 0,271
36, 00 Z28. 30 L4, 30 3.31 17.31 0, 38&
33. 00 23,0 13, Q& 4,54 18. 54 0. 5&&
4. 100 27.67 2367 B. 04 S0, 0 0. 636

45, O HE. B4 8. &4 7.64 &1
48. Q0 47.60 323.60 3.3 =3
Si.00 Sz, 37 <8. 37 .36 6
ShH. Q0 26. 82 42.8E 14.79 Z28.793
S7. 00 €0, 76 46. 76 17.48 31.48 Z.013
GO, Q0 &2.87 49,47 20,240 S4.24
o3, 00O &6, 30 S, S0 S, QO 37,00 S E4T

o
+
N8
s

18

m
= T T

£

|

I:

G A
L
{
—

&6, QO c7.33 o3, 93 3. 69 39.673 2. 960
€3. 0O &£8. 86 S4. 86 28,27 4. 2v .56
.00 63.073 55.09 30, 66 44,66 3. 932
75. 00 68. 69 S4.69 2. 83 46. 83 3.781
78. 00 &7.54 S35, 54 34,73 48,73 4, Q01

n

81. 00 6S. 72 S51.72 26. 23 S0.L 33
84,00 63.24 43.24 37.60 S1.60

ol A
(8
{
[

87.00 60, 15 4€.13 38. 50 S52.50 435
30, 0O 56. 45 42,45 29.02 S3.08 4,435
93, QO g52. 30 38. 30 23. 14 S53. 14 4,503
BE. OO 47.8n 323.84 28.87 5z.87 4,477
39,00 43. 87 &9. 27 38.21 5&. 21 4, 408
10&. 00 38.78 c4.78 z7.&1 S1.21 4,287
105, 00 In. 61 S0.61 35. 51 49.91 4.15

108, QU 30, 8% 16. 8% 34.37 48, 37 3.3€0
111,00 27. 46 12. 46 3. 695 4€. 65 3.7e&
114,00 Z4h . L6 10. 46 20. 80 44,80 3.948
117. 00 =1.930 7.30 8. 87 42,87 2. 226
120. 00 13.7= S.72 ZE. 873 40, 83 3.038
123, 00 17.83 3.83 24,31 8. 91 2. 870
126,00 16. 35 .39 S, 36 &, 36 2.645




129, 00
132.00
135, QG
128.00
141, QG
144,00
147,00
150, 00
153, 00
196,00
153. 00
162, 0N
165, 00
168. Q0
171.0Q0
174,00
177. 00
180, 00
1835, 00
L8G. D0
183, 00
153&. 00
195, 00
133, 00
SO, 00
=4, OO
=07, 00
210,000
213, 00
Zif. 00
219, 00
. QO
. 00
o D
QO
QG
Qo
0o
Q0
Y
Q0
. O
Q0
00
Q0
Q0
QQ
(819}
273,00
&76. 00

fu Moo

~N = E Do

-~
(g
. ) . .

= ooy mi)

(20 ST o B U W s - Y I YO Y (O IO [V

=~

[o fo Ry [ (o 10 [0 fe Fo Do o fo o [

=~
<

iS. 14
14.16
13. 37
1&.72
i2. 19
11.7&
11.43
11.21
11. 06
160,97
10, 96
10. 36
10, 96
10,26
10,96
10,38
i0. 96
10. 96
0. 36
1. 36
10, 93¢
10, 26
10. 96
10,96
10. 3¢
10. 36
10, 96
10,96
10. 36
1O, 36
10. 98
LO. 26
10. 96
10. 96
10. 396
10.36
10. 36
10, 36
10, 96
1O, 36
10,36
106.3&
10. 96
10.36
10. 3¢
10. 36
11, 36
10. 36
10, 3¢
10, 96

INFLOW FERK
OUTFLOW FERK

PEAK STORAGE
ATTENUATION

PEAK-FEAK
STOR

LAG

1.14 zl. e
0. 16 13. &4
Q. 00 17. 52
0. 00 15.35
Q. 00 14,53
0. 00 13.&3
Q. 00 2. 04
0. 00 10, 96
0, 00 3.98
Q.00 9.03
Q. 00 8.2
0, DO 7.54
0. 00 €. B&
0. 00 5. 259
0. QO 9. 69
. QO S.18
.00 4,7
Q. 00 Ho 29
Q. 00 .91
O, 00 2. 56
Q, O IR
Q.00 Z. 35
0. 00 . 69
Q. 00 2.4
0, 00 Z.e2
0O, 00 2. 038
O, OO 1. 85
Q. 00 1.68
0. 00 i.53
0. 00 1.393
O, 00 1,87
Q. 00 1.1¢
0, 00 i.05
Q. 00 Q.95
Q. QO Q.87
Q. 00 0. 7%
0. 00 Q.7
0. 00 Q.66
0, OO0 Q. 60
D, Q0 Q.33
0. 00 Q. S0
QL O 0. 45
Q. OO0 Q.41
Q. QU .38
Q. 00 Q. 34
Q. 00 0. 31
G. QG 0. 28
Q.00 0.6
Q. Q0 O.23
0. 00 Q.2
3. 10 cumecs RT
3.15 cumecs RT

510 M3 RT
3.1 %

35. Q& 2. 426
33. 2% Z.216
20. 89 z2.019
c8. 68 1.828
26. 71 1.673
24.33 1.5924
c3. 486 1. 387
2. 17 1.263
21. 04 i. 1S5S0
20. 06 1.047
13. 24 Q. 353
18. 50 Q. BE8
17. 8& Q. 730
17.21 0,720
16. 65 Q. 655
16.14 0,837
15. 68 Q. 543
S5.289 O 435
14. 67 Q. 450
16. 52 Q. 410
14. &0 . Z75
1Z.51L G340
13.65 O. 510
15. 41 Q. 282
12,13 Q. 257
12, 99 0,234
iz. 8t Q. 213
12. 64 Q. 134
1&. 493 0. 176
1. 39 0,161
12. 23 Q. 146
lz.1l& 0. 133
1z. 01 Q, 121
fi1.3¢ G, 11
11.83 0, 100
11.75 Q.03
il1. 68 Q, 085
11.6& 0. 07
11. 5€ Q, QE3
11.91 0. 063
11. 4€ Q. 057
11.41 0. 09z
11. 37 Q. 047
1i.d4 0. 045
11. 3 0. 039
11. 27 0,036
11.24 . 033
1.2z 0. 030
11.19 0,027
11.17 Q. 025

71.6 hours
32. 4 hours

.4 hours




100 Year Event

C:\DWR\NJOE\KENNET) keerisim
@0 1

SURCATCHMENT
NET RAINS: 0. D54 O, 054 O, OS54 0. 078 JU. O8O O, GBO G. 0886 0.103
o 0. 143 Q. 168 0. 137 0. 304 Q.347 O.377 0, 30 QL. 447
Q. 420 0,377 O, 347 O, 304 0. 1397 0,168 O. 143 Q. 105
0O, 088 Q. 1080 O, 050 0. 078 . 094 0. 054 O, O34
UH ORDS. G, OO0 Q, QOO Q, QO . 921 8. Q4 7,565 10,083 1&2.604%
15. 1&S 17.€46 c0, 167 18.%14 16. 861 15.208 13.536 L L. 2058
® 10, 250 8.598 E. 3445 5. 292 . 639 1.9867 0. 2549
SUBCATCHMENT i
NET RRAINS: 0. 042 0, 042 0. 042 0. 06l 0. 062 DL 0es O, 069 0. DEQ
O. L1z 0. 132 0. 1535 0,238 0,271 0. 295 0. 58" 0. 350
o 0. 329 0. 295 Q. 271 O, 236 0. 155 O, 132 . 1iz 0. 0B
. 063 Q. 083 O, 0635 .06l U. Q42 G, 042 Q. 042
UH ORDS. . 001 €. 001 3. 00 2. 00z 10,416 8. 449 &. 481 4.914
Z.947 0. 580

® SURCATCHMENT 3

NET RRARINS: G QQ0 0. 040 0. 040 0. 054 Q. Q80 Q. Q& 0. 0eY 0. 076
L, 106 a0 LES 0. 146G 0. 223 U, 297 Q, &80 .81 0. 351
0. 3lE Q. 260 0,257 Q. 228 . 146 0. 185 0. 106 O, 07
O, 065 £, VE0 0. OGAD 0,058 O O40 O, 050 O, Q4L

®
UH ORDS. 4. 617

[l
i
0]
(]
a
m
w
0e)
m
m
~J
-

S. 644 0. 617

MENSIM FOR 114.& mm, 33.0-houe STORM

TIiME RAIN SUBCATCHMENT FLOWS TOTAL

o hr mm/hy  Ccumecs ocumecs cumecs cumecs
Q. Q Q. 05 3,75 Q. 99 0,53 11,27

3.0 0,032 .79 1.24 Q.90 11,89

6.0 Q. 032 3,75 1.e2 i.&9 1. 65

5.0 0,087 3. 89 .18 1.3 13,63

12. 0 0, 04086 10,16 .73 295 14. 84

® 15.0 0.048 10,56
18.0  0.053  1i.16
c1.0 Q. 06 11.97

27
81
23

17 16. Q0
23 17. 30

Sl 18.76

S

3 Ny P TO o

4.0 0,088  1&.97 4.73 Z.es 20.58
27.0 0,101 14.20 5. 38 3.33 &2.91

0.0 0,119 15.69 6. 15 .98 &5.82

L 33.0 0.183 17.31 7.3¢2 4.77  E3.60
3.0 0.203 13.13 8. 84 6.30  34.27

33.0  o.z27  £1.83 10.7& V.63  39.64

=. 0 0. 283 23.76 12. 94 8.398 45,68

45.0 Q.29 £6.84  1S.13% 10,10 S2.13
48.0.. 0.8%3  30.53 17.&8& lo.81 S58.57




91.0 0. 227 34.92 18. 84 10,33 64.74
S4.0 Q. 203 40, 00 13, 84 10. &6 70.50
57.0 0. 183 45.54 20. 08 2,95 75.58
&0. 0 0. 119 S1. 34 139. 42 a. 80 732.97
63.0 . 101 S7.13 i8.11 7.379 8z. €8
&6. 0 1. 086 €. 53 1. &8 6. 02 84.83
£3.0 0, 062 66. 33 14,07 4.84 S.91
FE.Q 0. 053 70. 40 11.8%3 3. 886 86.17
75.0 O, 048 72.50 3.9¢2 .2 8S. ez
78,0 Q. 048 73. 11 8,23 2. 78 E4.11
®5l.0 Q. 047 7. 3& 6.91 Z. 58 81.75
84,0 0. 038 70. 23 5. 32 Z. 32 78.353
87.u Q. 03Z 7. 16 S9.23 <. 11 74,30
30,0 0. G532 €3.13 4. 70 1.9 £93.75
35,0 58. 62 4.15 1.61 €4. 38
296. 0 53. 82 .61 1.18 58. 614
39,0 48. 88 2. 02 0.78 5&.70
1030 43.97 2. 40 Q. 5z 4G. 82
105,06 39. 26 1.87 Q.37 41.50
108.0 24,85 1. 4& 0. 35 6. 64
111.0 0. 74 1.18 0,33 S ET
114.G =705 0. 99 0, 28 =8. 32
17,0 £3.89 0. 68 0., 39 25.08
1200 zZ1.05 Q. 8€ 0. 35 2.6
123,06 18. 62 0. 86 0.35 13.83
126. O 16. 71 0. 866 0. 35 17.52
1L&3.4 15.15 0. 86 0.5 16. 36
138, 0 13. 89 Q. 8& 0. 35 15,10
L25.0 12. 86 0. 8¢ .35 14.07
138. 0 2. 02 0. 86 0. 395 13.&83
141,00 Il. 34 0. 86 0. 55 12.353
144, O 10.78 0. 86 0. 25 i1.399
147,0 Lo, 26 0. 86 0. 35 11.57
150.0 16, Q7 Q. 86 0. 25 ii. =8
135.0 D, 87 0, 86 .35 11.08
156.0 3. 77 0. 8 Q. 35 10,98
199.0 3.75 0. 88 0. 29 10. 3¢
1z, 9.75 0. 8& 0. 35 10. 9¢
165, 0 3.79 0. 86 Q.35 10, 396
16£8. O 3.75 {1, BE 0. 39 10. 36
171.0 9.7% Q. 86 Q.35 10,36
174,.0 3. 79 a, 86 Q.35 10. 36
177.0 9.73 0, 86 Q.33 10, 36
180. 0 3.75 O, 8¢ Q.35 10. 96
183.0 .75 0. 86 0.35 10, 36
186. ¢ 9. 75 0. 86 0. 35 10. 96
189. 0 .75 0, 86 0,35 10,36
132, O 3.75 Q. 8& 0,35 10,36
135.0 95.7S Q. 86 0. 35 10, 96
138, 0 9.75 Q. 86 0.35 10. 36
201.0 3.75 1, 86 0, 35 10,96
204, Q .75 a. 86 G. 35 10. 9
207.0 3.79 0. 86 .35 10. 36
=10, 0 5,75 0. 86 0. 35 10. 36
213.0 3.75 0. 86 Q.35 10, 3€
&16. 0 9.79 ¢, 86 Q. 35 10,36
13,0 5.75 0. 85 O, 35 10, 3¢
sEz2. 0 3.795 0. 86 Q. 39 10, 3¢
ZES.0 .75 0. 86 0. 35 10, 3¢
c&8. 0 9.75 Q. 8¢ Q.25 10,36
231.0 .75 0. 88 Q.35 10, 96
c34.0 3.7% Q. 8€ 0. 25 10. 96
237.0 3.79 0. 86 0. 35 10.96
240, 0 9. 735 0. 86 0. 35 10, 96
245.0 29.75 Q. 86 0. 35 10,96
TAHA. O 3.75 Q. A6 0. 35 10. 96




9.75
2.75
9.75
2.735
3.75

. 86
0. 86
0. 8¢
Q. 86
0. 86
0, B&
0. 86
0. 86
0. 86
0. 8&

FLOOD ROUTING ASSUMING THROVTLE

AND FLOOD

=9, 00
Lz, O
45, 00
48, 00
S1.00
sS4, Q0
S7. 00
&0, OO0
£3. QO
6. 00
3. 00
7. 00
5. Q0
78. 00
81. 00
84,00
87.00
0. 00
G933, 00
6. OO0
99, O
102, 00
105, QO
108, 00
111,00
126,00
117.00
120,00
&3, 00

12F., 00

INFLOW
cumecs

11.27
11.89
.65
15.63
14, 84
i, QO
17,20
18. 76
2. S0
.91
=, 62
29, 60
9,27
33. 64
45,68
S2. 13
we. 57
E4. 7%
TS50
75. 58
7'3.57
B&. E£8
84.83
85. 31
8G.17
83.E2
84a.11
81.7%
78,53
74,50
&€9.75
E4. 28
S8.G61
Sc. 70
4. 83
41,50
36.64
32.27
&8. 39
259,08
c

c2. 26

17.93%2

we

cumecs

O, O
Cr, QO
Q. 00
0. Q0
0. 34
Z. Q0
3. 30
4.76
G. 58
8.91
11,82
15. 60
ch. a7
E5. 64
1. 686
28.13
44,57
S0. 74
S&6. 50
£i. 358
65,597
£8. 68
Y0.83
71.31
7E.17
71,62
7O, 11
67.75
64.93
€60, 50
55.7G
S0, 28
44,61
28,70
3z.893
&7, 50
2. e4
18,27
14,353
il. 08
8.c6
o. 83

2.9z

FLAIN STORAGE LAG

Q3
cumec

O. 00
Q. 00
Q. Q0
Q. 00
0, O éy
0. 16
0. 358
0. 73
1.15
1.74%

[» <3 . TN S SR AN
[ I N T N oI A i 8]

®
WM GG o= s

10,
13,
1€,
19,
23,40
26.933
20,58
34,003
7. 42
40, 52
43, 33
45,73
47. BE
43, 50
50.67
51.33
S1. 43
Sl.13
oo, =

48,39
47,31
45, 52
H35. 03
40, 70
28.19
29.64
33. 08

A0, 56

OF
OF

c

0.3
Q. 35
0,

o
IR SR O)
mee @

O,
Q.
g,
0.
0.
Q.

[
(G

L)

Ui

) G

14, 00
S, 00O

UTFLOW
cumecs

11.&7
11.86%3
12.63
i2.63
14, 04
14. i6
14,33
14,71
15,15
15.74
16.5&
17.5&
1a,81

o0 45
= -

10. 3¢
10,96
10, 36
10. 3¢
10, 36

cumecs
hours

STORAGER
M

Q. QOO
O, 000
Q. 000
0O, 004
0. 019
Q. Qbdy
Q.08
D.133
Q. =201
O 230
Q. 405
0. 554
Q. 741
0,370
1.243
1.3558
L3910
PRCE K
. £35
L1093

oy o
oS

(IO (S

.93

311
I SASYC)
932
276
ot4
L 702
857
314
951
a3
793
845
450
- 220
- 9€4
. 688
. 400

SRP W S L A O B U A S S o O ) R 1




129, QO
135&. 00
135. 00O
128. 00
141. 00
144, G0
147, 00
150,00
153, 00
156, 00
159, 00
142000
165, 00
1E£3. Q0
171,00
174,00
177 .00
180, 00
1835, O0Q
186, OO
1893, 00
13z, QU
1395, 00
L34, 00
=01, 00
S, (D
207,00
10, 0
Zh2. 00

Zle, QO
Z g, 00
CEE. 00
2. QU
ceB. Q0
Z3l, 00
o SE . A
257,00
Z4HO L GO
45, OO
S48, OO
=A'3. 00
cSE. Q0
255, 00
=S58, 00
CEL. 00

ZE4, OO
267, 00
R AN TERTS
=73, 00
276,00

16. 26
15.10
14.07
13.E83
12.5%
11.93
11,57
11.:28
11.08
10,38
10. 36
10, 36
j Q. 36
10. 36
1g. 96
10, 38
10, 36
10.36
100 938
1L0. 38
10,36
10,35
10, 36
10. 36
10, 36
14, 96
i0. 36
1O, 36
iQ. 96
10, 3¢
1O, 96
10, 36
10. 26
10, 36
10, 96
10. 96
10. 96
10,96
10, 96
10, 3¢
10, 36
10. 96
10. 96
10. 36
10, 96
10.96
10. 96
10. 96
10, 36
10. 326

INFLOW FEAK
OUTFLOW PEAX

FERK STORAGE
ATTENUATION
FERM—I"ERK LADG

STOF

SR A
1.10
O, 07
0. QO
Q, 0O
O, QO
0, Q0
0, QO
a, QO
0O, QO
0. 00
0, Q0
0. QQ
0, 00
Q, OQ
Q. Q0
Q. Q0
0. Q0
Q. OO0
D, 00
0, QO
O, CH)
Q. OO
O, 00
0. OO
Q.
O OO
0, 00
€, Q)

0, 00
0. 0Q
0. 30
0. 00
Q, OU
O, On
QL O
Cr, Q)
UL 00
G, Q0
0, QO
Q. Q0
Q. QU
Q. QU
Q. GO
G, QO
G, OO
O, 0D
0, 00
Q. QC
Q.00

z8. 10 4. 10 2.238
23.74 33.74 . 366
&3, 49 27. 49 &. 706
21. 33 34.63 2. 465
13. 48 2. 0z Z. 244
17.74 23.73 2,043
16.15 27.7& 1. 8&0
14. 70 25. 378 1.634
Z.33 4, 47 1. 542
12,19 23. 17 1.404
11.10Q 22, 06 1.&8793
10.11 cl.07 1.164
3. 20 =0, 16 1. Q&0
8.:38 13. 34 .63
7.65 18. 53 Q. 873
£.95 17.31 0. 800
&, 322 17.26 Q, 723
S.76 l&. 72 0.E83
S. 24 16,80 Q, 604
4,77 15,732 Q. 550
.35 15. 31 Q. S0l
.96 14,98 Q. 456
3. EO 14, HE 0. 415
.23 14,34 Q. 378
=. 93 13,495 Q. 244
Z. /e 13,63 O.313
2. 48 12. 44 Q. 285
R 15.&8 Q. 260
S 0o i5.01 Q. 237
1.87 1z.83 Q.13
1.70 1. 66 Q. 1596
1.53 l&. 351 Q0,173
i.41 1&. 37 Q. 163
1.28 1. 24 Q. 143
1.17 & 13 O, 128
1.07 iz, 03 QL 123
0. 37 11. 933 .11
0.8y 11.84 O, 10z
O, 80 11. 76 0. 093
Q.73 11.e93 Q. VB4
0. 67 1i.63 Q0,077
0.61 11. 57 0,070
O, 55 1i.51 Q. O64h
O, 50 11. 46 0,058
Q. 46 1i. 42 0. 0553
O 4l 11.38 0. 048
0. 38 11. 34 Q. Q44
0. 35 11.31 . 040
0. 21 11. &7 G, 036
0,29 11.29 Q. 033

86. 18 cumecs
6£5. 30 cumecs

S. 933 M3
2.0 %
20.9 hours

AT

AT 71.5 hours
AT 92.4 hours

9Z. 4 howrs
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