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1. Introduction

The aim of this study is to investigate the flood hydrology of the Thames,
with particular reference to the reach between Bourne End and Penton Hook,
for the purpose of specifying the tributary inputs required to run the Thames
hydraulic model prepared Ly Sir William Halcrow and Partners (SWHP),

As a more specific objective, the study sceks to establish whether it is possible
to define hydrological inputs such that the output from the hydraulic model is
the level profile corresponding to a chosen return period. In other words, if
the 5 year water level profile is required, the question posed s whether, by
imposing the 5 year flow (and hence level) at the upstream site, a consistent
set of ftributary inputs can be defined such that the flow (and hence the
level) at the downstream site and intermediate sites also correspond to the 5
year return  penod. In general, one cannot expect such convenient
relationships to be casily attained. However, it is a reasonable supposition in
cases where the main river dominates any tributacy inflows, as in the case of
the Thames.

In order to explore this problem, and to answer other more immediate
problems to be faced in stage 1 of the project, such as the return period of
bankfull conditions, it has been necessary to extend the study reach to
between Days Weir and Teddington in order to include the long-term gauging
stations at these sites.

The hydrological part of the study has been divided into two stages. This
report discusses the results of the first stage of the project, relating to the
collection and trecatment of basic data (Sections 2 and 3) and the evaluation
of the frequency of bankfull stage in the Bourne End to Penton Hook reach
(Sections 4 and 5). Section 6 concerns the accumulation of flows at given
return periods while Section 7 contains recommendations as to the approach
to be used in stage two.

2. The Data

2.1  FLOW RECORDS

2.1.1  Thames flows

The two main long-term Thames gauging stations which are relevant to this
study are situated at Days Weir and Teddington. There are, in addition,
two gauging stations located in the middle of the study reach. Of these,
that at Royal Windsor is a relatively new ultrasonic gauging station which has
becen in operation since 1979; while the preceding loager-term gauging station

at Bray is of doubtful accuracy. This section also draws upon material
prepared in conpection  with  the Maidenhead Study - in  particular, the
1




construction of a long-term peak flow series for Bray (Beran and Field, 1988).
2.1.2  Trtbutary flows

Flow records have been assembled for all the major tributanies of the Thames
between [Days Weir and Teddington. In stage 1 of the study, interest spans
a4 range of return periods from several times a year to about 10 years, so
both peaks over threshold data (POT) and annual maximum data have been
extracted from the archives held at the Institute of Hydrology (IH). The
gauging stations involved are shown schematically in Figure 1, with details of
the availability of data given in Table 1 Stations with a relatively short
period of record - the Misbourne, the Pinn and the River Wey at Weybridge
- have not been used in this stage of the analysis. Peaks over threshold
data have not been extracted for the siles where groundwater contributions
dominate the flow hydrograph. In these cases, the catchment responds to
the general wetness of the winter season rather than to indwvidual storm
rainfalls, so it is not possible to set a consistent threshold or apply realistically
the deciston rules concerning independence between events,

Seme discrepancies were found between the anpual maxima obtained from the
POT extraction carried out at IH and the wvalues held in the Surface Water
Archive (SWA) obtained directly from the Water Authornity’s data processing.
Discrepancies which were larger than 5% wcere referred back to the original
level recorder charts and, in most cases, the values obtained from IH's POT
data set were conficmed. In these cases, the reasons for the discrepancy
related either to spikes superimposed on the hydrograph and not recognised as
artificially induced in the automated data extraction, or to the omission of
pressure tapping corrections on flows recorded over drowned Crump weirs. As
a result of this investigation, the IH POT archive data have been accepted for
use in the analysis, with two exceptions. First, a new rating curve was
supplied by Thames Water for the River Thame at Shabbington and this was
applicd to the IH POT stage extraction.  Second, corrected annual maximum
figures werc supplicd by Thames Water for the River Wey at Tilford and
corrections have been made to the POT data based on a regression
relationship between the old and new anpual maximum vajues. The complete
set of data used in thc analysis will be provided in an appendix to the main
report.

22.  STAGE RECORDS

As specified in the study proposal, the analysis of stage frequency has been
undertaken for Cookham, Bray and Bell weirs based upon the stages extracted

by Thames Water from the weir tackle sheets. It was decided (o use
post-1937 data only as previous work by Thames Water plotting weir stage
against Teddington flow suggested a change in regime around this date.  The

stage data have been appraised in two ways.

First, the peaks have been cross-referenced between the three sites and the
tackle sheets searched for potentially missing peaks, additiona! peaks, Or errors
Second, the list has been checked for independence of eventss.  The criterion




used in the original tackle sheet extraction was that the flow must drop below
the sct threshold between nearby peaks. This means that a number of
relatively low, dependent peaks have been included. The more  stringent
criterion laid out in the Flood Studies Report Volume IV (NERC, 1975) has
been applicd to the data This states that the minimum discharge in the
"trough™ between two peaks should be less than 679% of the carlier peak
value, and that the two peaks should be separated by at lcast three times the

average time to peak, The time criterion which has been used is 8§ days
{three times the mean time to peak at Days Weir 15 7 days; at Teddington 9
days). The flow criterion has been converted into a stage criterion based on

the rating curve for a fully drawn weir (sce Section 3.4).

Annual maximum data have also been derived, with the levels for years not
represented in the POT data being taken directly from  the tackle sheets.
The resulting sct of peak over threshold and annual maximum levels which
have been used in the analysis will also be provided in an appendix to the
main report.

3. Rating Curve Construction

3.1 GENERAL PRINCIPLES

Rating curve construction has also been undertaken for the three weirs of
Cookham, Bray and Beill.  The results from the rating curves will be used as
a check on the flow inputs within the $tudy reach and as a direct comparison
with the ONDA hydraulic model.

For the purpose of rating curve construction, the data assembled for stage 2
of the study have been used and a series of values extracted from six months
(January 1982, December 1982, February 1985, June 1985, December 1985, and
January 1986) of flow and level data, including four of the recent major
events and the two hydrographs used by SWHP in the calibration of the
ONDA maodel. The data comprisc tackle sheet records for the three weirs
and their downstream counterparts, hourly flow data recorded for the Thames
at Royal Windsor, and three-hourly flow data for The Cut and the River
Colne. Although extracting the data in this way mecans that the data points
used to construct the rating curves are not independent, and may, therefore,
lead to inflated correlation coefficients, the method used is the most efficient
means of building up a reasonably reliable set of level and flow data that
includes information about weir settings.

In constructing the rating curves, it was desirable that, if possible, the form of
the rating curve equation should be similar for each weir and that it should
conform to a function which is physically justifiable. The stage basis used
for the rating curves is the tail water level at each weir measured in metres
AOD.  The hcad water level, which might equally be thought of as a basis
for a rating curve, by analogy with gauging stations, shows a much lower
correlation with flow (see Table 2).  This is not unexpected as it is largely
under gate control whereas the tat water leve) is 10 a considerable extent



under regime control. The assumcd form of the rating curve is
Q = a (H-P

where Q is flow (m3¥s™?)
H is stage (m AQOD)
a, b and ¢ are constants.

The regression analysis carried out below has, therefore, been based on the
logarithms of the flow and stage variables.  The constant ¢ has been taken,
in this instance, as the height AQD of the zero point on the tailwater board.
This 15 a rather arbitrary choice of datum and a sccond analysis was
performed using the height of the headwater mark on the downstream weir,
This corresponds to the case of zero flow (Bowen, 1965). However, using
this constant led to a reduction in the goodness of fit of the rating
equations.

For each weir, secondary independent variables are required in addition to the

tailwater level, These represent the afflux through the structure and the
regime  in the downstream reach, as reflected in the headwater levels, pgate
settings and head losses. These variables have also been  transformed to

logarithms so that a multiplicative relationship between the variables, consistent
with typical flow resistance equations, is prescrved.

32 CHOICE OF FLOW DATA

In order to align in time the flow with its corresponding level al each weir as
accurately as possible, account was taken of the time taken to travel bhetwecn
cach weir, or tributary inflow, and the relevant gauging station used to provide
the flow. Water velocites were derived from the ONDA hydrauiic model for
an in-bank flow of 225 m?®s™'. An average was taken of the water velogities
for ONDA reaches between cach point of interest and the travel time
estimated using the wave celerity, assumed to be 1.5 times the water velocity
(Table 3). At higher flows, the ONDA model shows water velocities in each
reach to be somewhat higher than those used in these calculations. However,
they are not so different as to invalidate the relative timings indicated in
Table 3. As a consequence, the same timings were used for all stages and
flow conditions. Although an approximation, this is thought to be adequate
for the present application.

For in-bank flows, Tabhle 3 suggests that it takes 3.1 hours for the flood wave
to travel from Cookham weir to Royal Windsor (RW), 1.9 hours from Bray
weir to Royal Windsor, 1.8 hours from The Cut to Royal Windsor; and 0.7
hours from Royal Windsor to Bell weir. Consequently, for weir levels at
time (, the flows sclected for usc in deriving the raung curves were as follows,

for Cookham: the flow at RW at time t+3 minus the flow
from The Cut at time t

for Bray: the flow at RW at time t+#2 minus the flow
from The Cut at time t
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for Bell: the flow at RW at time t-1.

The choice of flow was partly constrained by the availability of data and
ignores the fact that The Cut is gavged some distance upstream from its
confluence with the Thames.

3.3 SECONDARY INDEPENDENT VARIABLES

For the lower flows of interest when gates are not fully drawn, a potentially
significant affect on the rating curve is the gate sctting at- both the “current”
and downstream weirs. These influence the afflux through the structure and
the downstream backwater curve respectively. In order to facilitate the
extraction of these data and to check their accuracy, use has been made of
the SuperCaled spreadsheet model designed by SWHP. The tackle sheets
provide information on the total number of gates drawn at the beginning and
end of the month, with additional intermecdiate dates when the weir was
recorded as being fully drawn. The total number of weir gates is also
known.

Using the spreadsheet model, analysis of some of the tackle sheets showed

significant  discrepancics  within  the given constraints, In such cases, the
figures have been adjusted so that they are consistent with the known weir
settings and within the range of physical possibilities. However, absence of

complete information on the cxact gate movements and their timing must
introduce an element of uncertainty into the assignment of gate settings at any
given time,

Another problem associated with weir settings relates -to  the diversity of
different component structur¢es at any onc location. Weir  settings  are
recorded in two different ways. Some weirs, such as Bell weir, are recorded
as a total amount of weir footage which is drawn (raised) or closed.  Other
weirs are simply recorded in terms of the number of different types of gates
drawn or closed.  For example, the state of the weir at Cookham might be
recorded as "4 decep radials, 6 hand radials, 5 buck gates and 14 parts of the
rhymer weir drawn". Given the fact that ecach of the components of the.
weir has different dimensions, to make this information more suitable for
analysis, it is necessary to express the total weir setting in terms of the total
area per unit width.

An additional complication is that the weir at Boveney, downstrcam of Bray,
was rebuilt between 1982 and 1984 which is within the period for which
hydrograph data were extracted. In principle, expressing the gate settings in
terms of the total weir drawn allows both the data from the old weir and
that relating to the new weir to be used in the same analysis.  This is valid
only if there is sufficient similarity in the hydraulic behaviour of the two weirs
not to affect the rating curve relationship. This might be a reasonable
assumption as the policy for the recanstruction of weirs is to maintain a
similar weir and channe! capacity. The rcating curves for the new and old
weirs are compared in Section 3.4,

It is desirable that the form of the rating equation should be such that the
effect of the weir setting is minimal in cases where the weir is fully drawn ie.




all gates are raised. All weir settings extracted from the tackle sheets were,
therefore, converted into the proportion of the total weir drawn. Thus, for
a fully drawn weir, the weir setting parameter will have a value of unity.

In addition to the weir and downstream weir settings, the other variables
which may act as a control on the form of the rating curve are the head
difference over the weir (headwater level minus tailwater level) and head loss
in the downstream reach (tailwater minus downstricam headwater).  This latter
represents the gradient of the water surface and, other factors being cqual,
should correlate positively with flow.

34 MODELS FOR INDIVIDUAL WEIRS

The starting point for the analysis is the rating curve based solely on the
tailwater levels. These have been produced for cases where the downstream
weir was fully drawn to climipate any variation in the rajlwater level due to
the gate settings at the downstream weir influencing the backwater cupve.
The data are plotted in Figute 2 for each of the three weirs.  The open
circles represent the data points for which the downstream weir is fully drawn;
the solid circles represent the other darta points extracted. Table 4 gives the
rating curve for the fully drawn downstream weir, labelled equation (3.1), and
this is plotted as the dashed line in Figure 2. The graph clearly shows the
points relating to the non-fully drawn case drfting away from the rating
relationship, usudally above the curve (less flow for a given level), and showing
a marked increase in scatter.

To develop a rating curve which applies to lower levels, it is, therefore,
necessary to introduce variables into the equation to acceunt for the increased
variabihty introduced by partial closure of the weirs.  The complete set of 36
data points derived for each weir was, therefore, entered into a stepwise
regression  pracedure, with the forced inclusion of the weir tailwater level, in
order to select the best multivariate prediction of flow.  The results from the
stepwise procedure are shown in Table 4. In the case of Bell weir, the
tailwater level did not automatically feature in the equation, due to the higher
degree of inter-correlation between the logged tailwater level at Bell weir and
many of the secondary independent variables at that site (Table 2).

All three equations include the proportion of the current weir that is raised,
while the equations for Cookham and Bell wcirs also include the downstream
hcad loss and that for Bray prefers the downstream head level The
coefficient of determination is high n all cases, ranging from 96.11% to
98.68%, with a factorial standard error ranging from 1.03 to 1.06.  This is
constdered to be good even by comparison with current metered ratings
although it is emphasized that the coefficient of determination may be inflated
by senal autocerrelation which follows from the method of data extraction as
indicated in Section 3.1.

Alternative relationships were derived in line with the considerations laid out
in Sections 3.1 and 3.3. First, the relationship which includes the current and
downstrcam weir settings and the downstream head loss was derived. This
led to a slight increcase in the coefficient of determination in the cases of
Cookham and Bell weirs and a slight decrease in the case of Bray.

I 0 0_0_-0-0_ 0.




However, the exponent of the downstream head loss term was negative in the
case of Cookham and Bray and positive in the case ol Bell weir. From
hydraulic considerations, the increased gradient implicd by a larger head loss
would be expected to lead to increased flows and hence a positive exponent.
Furthermore, the contribution of the downstream head loss to the total
cxplanation is relatively small - (0.9%, (.1% and 1.7% in the case of Cookham,
Bray and Bell respectively. Consequently, this variable was not further
considered in exploring alternative rating curve relationships.

Table 4, therefore, shows the rating curve based on the tailwater level and the
“current” and downstrcam weir settings only (equations 3.2). The form of
these equations is consistent with hydraulic considerations for all three weirs,
and shows only a slight drop in the coefficient of determination and a slight
increase in the factorial standard error.  The relationship is shown in Figure
2 as the solid linc under the assumption that the weirs are fully drawn, iec.
W and Wy, are equal to unity.  The line lies very close to the fully drawn
downstream case (shown as the dashed line) for both Cookham and Bray.
However, the two lines deviate markedly in the case of Bell wer. In fact,
the behaviour of Bell weir shows many anomalics as described below.

First, a comparison of the different rating curves for Bell weir presented in
Tablec 4 shows a rapid increase in the exponent for the tailwater level as
variables are dropped from the equation. This is against a ‘slight decrease in
the case of the other two weirs. A sccond pecuhar featurc of Bell weir is
shown in the correlation matrices given in Table 2. Here, the headwater
level at Bell weir is shown to be only weakly corrclated with any of the other
variables; the sense of any correlation present being in the opposite direction
to those found for the other weirs.  Third, Bell weir is rarely fully drawn
(only three times in the data set wsed) so that the afflux through the
structure 15 always heavily dependent on the gate settings of the weir.

One possible explanation for the behaviour of Bell weir is that the River
Colne flows into the Thames between Beli and Penton Hook weirs. This
may introduce a random influence into the backwater curve downstream of the
weir and so destroy any simple regime-refated dependence. If such an effect
is postulated, then it should apply in some mecasure to the Bray-Boveney rcach
within which The Cut has its confluence with the Thames. However, no
similar phenomenon is obscrved here, presumably due to the much lower flow
contribution from The Cut than that fram the River Colne.

As regards the rebuilding of Bovency weir, mentioned in section 3.3, the
rating curves for the combined data set are those that are quoted in Table 4
and drawn in Figure 2. This combined relationship is not significantly
different from those derived for the new and old weirs separately in terms of
the constant and exponent of the tailwater level. However, the cxponents of
the variables relating to the weir settings are significantly different for the old
weir. This implies that the new weir structure behaves in a similar manner
to the old weir but that the operation of the weir is rather different.
Consequently, the relationship recommended for use for events following the
reconstruction of Boveney weir is

- . 1.96 13,;0.0648 0.0932
Q = 1380 (H, - 1743)*°¢ W W, C

R2=988%  s=0.0156 n=22;



and the relationship recommended for use prior to reconstruction is
— 2.12 0.230 0281
Q = 1072 (H,,-1743) w W s

R%=978%  s=001166 n=14

3.5 COMPARISON WITH ONDA PRI:DICTIONS

The rating curves derived from the hydrograph and tackle sheet data have
been compared with the results of the hydraulic model for in-bank flows, and
to see how successfully they extrapolate (o out-of-bank flows, it is not
possibie to compare the results from all the equations guoted in Table 4 due
to the unavailability of headwater data for Bowveney from the hydraulic model.
Equally, the out-of-bank model levels for Bell weir are preliminary estimates
and so rather less weight should be placed on these fgures, The data
output from the hydraulic model are plotted in Figure 2 as open triangles for
the in-bank model and solid triangles for the out-of-bank model.

There is reasonable agreement between the rating curves produced in this
study and the ONDA model predictions for in-bank flows. In the case of
Cookham weir, the rating curves produced in this study slightly underestimate
the ONDA model flows. This is less true of the in-bank flows at Bray and
Bell weirs which show a much closer agreement between the model predictions
antd the rating curves developed here. For Bell weir, it is, however, painted
out that the cquation relating to the fully drawn downstream weir (dashed hne
in Figure 2¢) is the one which should be used in order to achieve reasonabic
predictions for levels over 1447 m AOD and flows greater than 247.6 m®s™t.
Far levels and flows less than these values, provided the weir settings are
known, the three wvariable rating curve (3.2¢) is preferred duc to its much
higher coefficient of determination. In these comparisons, it has not been
possible to test the effect of the secondary independent wvariables in the
cquation against the hydravlic model. If confidence has to be placed in the
rating curves which include the weir variables, then some ONDA runs should
be used to test this part of the rating (see Section 7.1}

The rating curves developed here, not surprisingly, do not extrapolate to
predict over-bank flows.  This is shown in Figure 2 with respect to the
ONDA model predictions but it is also true of extreme events such as the

1947 flood. Shown on Figure 2b 15 the rating curve derived for
Bray/Windsor in the Maidenhead Study (Beran and Field, 1988). This rating
has two segments. In producing the lower segment, the chart levels at Bray

were used in conmjunction with non-lapged flow values from the ultrasonic
gauge at Royal Windsor.  This lower scgment plots through the data points
used in thus study, including those for which the downstream weir was not
fully drawn, The upper segment of the Bray/Windsor curve was constructed
so that it passed through the discharge and level of the 1947 flood.  This
segment of the rating plots through the ONDA model out-of-bank predictions.
It is suggested that if rating curves are required for out-of-bank flows then
they should be constructed through the histarical events and checked iteratively
with the ONDA model, paying attention to the ratio of the in-channel to
food-plain flows, to achicve compromise ratings which are conformable with
the hydrological data (see Section 7.1).
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4. Statistical Analysis of Flow and Stage
Frequencies

Analysis of annual maximum data is required to provide flow and level
estimates for return periods from 1 year to 10 years as outlined in the study

proposal. A peneralised extreme value distribution, given by
X(F) = u + a{1-(In PXyk  for ko

and (4.1)
*F) =u - ain(in ) for k=0

where F ois the non-exceedance probability,

was fitted to the single station annual maxmum flow and stage data using the
method of unbiased probability weighted moments. The shape parameter k
was tested for significance (Hosking et al, 1984). In cases where k was not
found to be significantly different from zero. an EV1 fit was esumated, again
using the method of probability weighted moments. For the range of data
available, an EV1 fit is adequate in all cases except the rivers ‘Thame and
Colne where an EV3 f{it is preferred, and the River Wey at Tilford where an
EV2 fit best describes the revised data (Section 2.1.2). The level data s
also better described by an EV3 model. The results of the calibrations for
the single station models are given in Table 5 and the plotted values in
Figure 3.

The gencral IH recommendation with regard to models derived from single
station data is that a model with a shape parameter of zero can be used for
inferpolation purposes, and for extrapolation to twice the return period of the
maximum data point provided that the flow record consists of 20 or more
years of data. An estimated shape parameter, different from zero, should
only be used for interpolation.  This is due to distortions caused by a short
record of data. The justification for using the single station models here lies
in the use to which the results are to be put in this initial phase of the
study.

The primary need for estimates of tributary flows for a range of return
periods lies in the investigation of the addition of flows down through the
Thames basin.  In the cumutation of flows, sirictly speaking, it should be the
actual events which are’ summed. The use of single station models goes
some way towards this idea, although as discussed in Secction 7.1, estimates of
the total tributary inputs for use in the final method for running the ONDA
model may well be revised on a regional basis.  This would be derived from
pooled data as it is clear from Figure 3 that neither the Flood Studies
Report curve for Region 6 nor the Thames Water Authority curve provide a
good fit to the plotted points in the majority of cases.

For return periods of less than onc year, it is necessary to fit statistical
models to POT data However, it must be borne in mind that a return
period of unity on the POT scale is similar t0 a return period of 158 on the
annual maximum scale (Langbein, 1949). This is because of the different
sampling concept and data used in the model construction. With regard 1o




the POT data, abstraction method 2 from the Flood Studies Report (NERC,
1975, p. 194) was applied to the raw data.  This fixes the parameter lambda
of the model.  The other parameters, Qo and beta, are then estimated using
the maximum likelihood method.  The parameters are given in Table 6 and
the T-year flood is then estimated by

QT = Qy + B(nx +In 1) (4.2)

The model assumes that there is a Poisson distribution of the pumber of
events in a year and that the distribution of flood magnitudes is exponential,
These assumptions are consistent with an EV1 fit to the annual maximum
Seres. The POT estimates for the Thame and the River Wey could,
therefore, be less reliable, as could the esumates for the level data from the
three  weirs, although the error within the nterpolated  range  would  be
dcceptably small.

5. Frequency of Bankfull Stage

Table 7 shows the stage for given return periods at each of the three weirs
under consideration. The flow has been calculated using the rating curves
reccommended in Section 3 above and assuming all weirs to be fully drawn.
Bankfull flow is given by the hydraulic modet to be 240, 240 and 260 m?3s™
at Cookham, Bray and Bell weirs respectively. The return periods of these
flows have becn assessed on the basis of the rating curves and stage frequency
analyses described above,

At bankfull flow, it is assumed that all weir gates are fully raised, although,

as discussed above, this may not be the case at Bell weir. The bankfull
flows from the ONDA model fall just within the range of the data used to
construct the rating curves, so extrapolation is unnecessary. Following the

reccommendations laid out in Section 35, equations {3.2a) and (3.2b) in Table
4 have been used in the case of Cookham and Bray weirs with W and Wy
set to unity.  Equation (3.1c) in Table 4 has been used in the casc of Bell
Weir.  These equations give bankfull stages of 2485 m AQD, 2173 m AOD
and 14.58 m AOD for Cookham, Bray and Bell weirs respectively.

To provide return periods for these stages, antention is now drawn to the
statistical analyses presented in Section 4. It is important to bear in mind
that it is possible (o quote a range of return periods dependent on the
statistical model and the data used in its construction. These will have
ditferent meanings and will be wuseful under different circumstances. The
annual maximum model will provide the probability of a whole year containing
at least one event of bankfull stage or over. The POT model, whose
parametcrs are quoted in Table 6, will give the probability of independent
peaks, some of which will occur in the same year, which are bankfull or over.
A POT model which includes all peaks above a threshold, such as would be
piven using the original Thames Waler stage extractions {Section 22), would
give the probability of any flow greater than the threshold reaching or
exceeding bankfull.  These may occur more than once in an individual flood
as well as more than once a year.

10
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Table 8 shows the return periods for the annual maximum and POT models.
Interpreting this table, at Cookham weir, in a 100 year period, on average, at
lcast one flow which is bankfull or above will occur in 52 of those ycars; and
bankfull flow or above will occur on average in 81 out of 100 independent
events; and 85 out of 100 times that the flow rises above the chosen
threshold. At Bray, the corresponding figures are 43 years, 52 events and 55
times. At Bell wcir, they are 36 years, 45 evenls and 50 times. These
figures are supported by a return period of 2.05 years (49 years in 100) for a
flow of 250 m?®s™! for the Bray/Windsor site calculated using the EV1 analysis
of the reconstructed annual maximum serics (Table 5).

6. Discharge Accumulation through the Study
Reach

6.1 STATISTICAL PEAK DISCHARGE ACCUMULATIONS

In the running of the Thames hydraulic model, it is desived that the model is
loaded with hydrological inputs specified in such a way that the levels along
the Thames all correspond to the same chosen return peried. In general, it
1s found that combining T-year events, for example at a tributary confluence,
will result in a tetal flow somewhat rarer than the T-year event at a point
downstream of the confluence. In order to explore how the inputs may be
specificd, the cumulation of flows through the Thames at different return
periods was investigated for the return period ranges represented by both the
POT and annual maximum analyses.

Some account is necessary of the ungauged contributions to the Thames.  As
a first approximation, the gauged proportion of the flow from each tributary
was scaled up by the ratio of the area of the whole catchment to the
confluence with the Thames, ta the gauged catchment area. These areal
correction factors are given in Table 9. Account has also been taken of the
ungauged arca outside the gauged tributarics by applying a further correction
factor to the total flow addition. This method was preferred to that of
applying the factor to the Thames flow at the upstream station as it can be
expected that the response of these areas would more nearly be represcnted
by that of the [ocal gauged contributions rather than the input upstream. The
additions are presented in Table 10 for return periods of 025, 033, 0.5, 1, 2,
5, 10, 25 and 50 years. The results for the upper and lower portions of
the Thames study reach will be considered separately.

6.2 RESULTS FOR THE UPPER REACH

In the case of the upper reach of the Thames between Days Weir and
Bray/Windsor,  the required addition of flow, obtained by subtracting the
estimated peak flow at Days Weir from that at Bray/Windsor for a given
return period, ranges from 79 m’s™* at a return period of four times a year
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on the POT series to 210 m®s™ at a return period of 50 years on the
anpual maximum  series, Compared with these figures are the sums of the
estimated  tiibutasy peaks for cach return  period. In Table 10, three
estimates are given. The sum of the gauged peak flows, the sum of the
gauged peak flows including the areal correction factor for the ungauged
proportion of the tributaries, and the sum of the peak flows including the
areal correction factor for all ungauged parts of the basin, A true estimate
is thought to lic somewhere within this range and a slightly better estimate of
the upper bound may be gained by using a correction factor based on the
mean annual flood estimated using the Flood Studies Report method based on
catchment characteristics {sece Section 7.1} The cuemulated tributary peaks
amount to between 68 and 103 m3s™* at a return period of four times a
year to between 184 and 278 m3s™' at a return peniod of S0 years.

From Table 10, it is clear that the required additional flow, has a very small
range for the f{ower return period events on the POT series bul increases
rapidly for the higher return period events on the annual maximum series.
The reason put forward for this is that the larger {lows on the Thames
probably result cither from larger rainfall events with a stronger spatial
coherence or from higher overall antecedent wetness conditions. By contrast,
the addition of flow peaks on the tnibutaries increases more steeply than the
required flow for low return periods and less steeply at higher return periods.
This could be a function of using the individual station estimation models with
the effects of relatively short flow records coming into play {sce Section 4),

Another important observation is that the sum of the tributacy peaks, when
account is taken of the ungauged parts of the basin, greatly exceeds the
required additional flow. It has already been pointed out that these
“corrected” flows may be ap overcstimate of additional contributions to the
flow but they are probably necarer to the truth than the uncorrected flows.
The main reason for the expected overshoot is that, in cases wherc the same
event produces both the tobutary and the Thames peaks, the tributary will
respond much faster than the Thames and the actual physical combination of
flows will occur well down the recession limb of the tributary hydrograph.
In other catchments, the tributary peak rarcly occurs during the same cvent as
that on the main Thames. This is shown in Figure 4 for annual maximum
flows between 1975 and 1986. Peak flows in the catchments which are
hardly ever synchronous with the Thames, gencrally occur in the summer
months, but, even if the seasonal effect is taken into consideration, there is
little improvement in the synchroneity of annual maximum events,

The overdll conclusion, then, s that it is not possible to use the same return
period flow on the tributaries as that on the main Thames as inputs to the
hydraulic model 10 give downstream flows of the same return  period.
However, it is clear from the estimares of the required flow, that the sum of
the contingent flows, ie. those flows which are¢ physically combined in the

same event, would increase in relative rarity with increasing return period of
the desired water level profile.

6.3 RESULTS FOR THE LOWER REACH

The tendency for the summation of tributary flows to overshoot the target

12
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flow addition is even more evident in the lower reach of the Thames between
Royal Windsor and Teddinglon. Here, the additional flow required shows a
general increase over the whole range, from 26 m?s™* at a return period of
four times a year to 147 m®s! at a return period of S0 years. However,
there is a discontinuity at the point al which the POT and annual maximum
analyses overlap. In setung a target for later work, this suggests that the
additional flow estimates should be smoothed (see Section 7.1). The sum of
the tributary peak flows come from different gauging stations in the case of
the POT and annual maximum return period ranges  Thus, it is not possible
to compare the behaviour of the flow additions over the whole range directly.
From the POT analyscs, the addition of tributary peak flows ranges from
between 43 and 126 m®s™* at a return period of four times a year to
between 76 and 235 m?s™* at a return period of onc year, depending on the
treatment of the ungauged contributions. From the annual maximum analyses
of the single station data, the range in the summation of tributary flow peaks
is from berween 106 and 180 m’s' at a return period of 2 years and
between 221 and 378 m3s™! for a return period of 50 years.

The large overshoot represented by these figures could be due to a number of
factors. It may result partly from the attenuation of the flow peaks as they
pass downstream. The extent of this cffect should be shown in results from
ONDA model runs. However, the dominant reason for the overshoot would
appear to be that events in the upper Thames, especially at low return
periods, are not always the events that produce the peak flows in the lower
reaches of the Thames.

This lack of synchroneity is illustrated for the annual maximum flows between
1975 and 1986 in Figure 4. As can be seen only 75% of the peaks at
Teddington result from the same event as the peaks at Days Weir. The
others result from high flows on the Wey and the Mole which provide
significant contributions to the Thames. This contrasts with the upstream
rcach where the larger tributary inflows more frequently coincide with the
main Thames, and the tributarics which do not coincide are refatively small.
Conseguently, an annual maximum at Bray/Royal Windsor occurs frequently in
the same cvent as that at Days Weir but much less frequently in the same
event at Teddington. From this, one may anticipate that the specification of
input flows to the hydraulic model will reguire rather different treatment in
the upstream and downstream portions of the study reach.

6.4 CORRELATION AND SUMMATION OF CONTINGENT
FLOWS

In 3 second approach to this issue of how flows increase along the study
reach, attention has been paid to the contingent daily flows ic. the mean daily
flow on the tnibutaries which occurred on the same day as the peak flow at
Days Waeir. The correlation cocefficients for the mean daily flow at Days
Weir and the mean daly flow on the same day on each tributary have been
computed and are presented in Table 11 Plots of the data points show
that these values are often affected by outliers from the data. This s
particularly 50 in the case of the River Pang, the River Kennet, The Cut and
the Mole at Kinnersley Manor, as indicated in Table 11 The overall picture
is that there is sensibly no correlation between the daily flow at Days Weir
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and  that on each tributary. The correlation  between  Pays  Weir  and
Teddington, however, is significant.

To arrive at a more physically realistic association of flows, the daily mean
flow data were also lagged according to the cxpected travel time (taken from
the ONDA model) between Days Weir and cach of the tributary inflows
This was done by taking a weighted mean of the daily flow and the following
day's flow, with the weights representing the time delay. The restlts from
this analysis show a slight improvement in the correlation coefficient in most
instances, but do not change the gencral condusion that the tributary flows
which combine with high Thames flows can be of almost any magnitude,
The precise magnitude of each tributary flow will depend on  the spatial
coherence of the storm-producing ratnfall, the time pattern of the ramfall in
different parts of the catchment, the direction of the storm frack, and the
antccedent moisture condition and the response time of the tributaries.

Table 12 shows the addition of flows based on the median same-day
contingent flow and the time-lagged contingent flow. The two columns of
figures are similar  and, not surprisingly, the total sum of the flows,
incorporating the areal correction factors, agrees farly well with the difference
between the median flows at Days Weir and Teddington. The reason for
the mismatch is probably the fact that the median flows are calculated using a
diffcrent time span in each case depending on the length of the flow record.

The flow additions may be compared with the target addinonal flows given in
Table 10, although one cannot e¢xpect any sunple equivalence because Table 10
data are concerned with peak f{lows whercas Table 12 15 concerned with mean
daily flows. In the upper reach, between Days Weir and Bray/Windsor, the
addition of the median contingent daily flows s somewhat less than the
required additional peak flow which occurs 4 times a year. In the lower
reach, bertween Bray/Windsor and Teddington, the sum  of the median
contingent flows corresponds to the required flow which has a return period
of around 3 times per ycar.

This dissimilarity of flow magnitudes means that a single median value, based
on the contingent flow, for cach tributary is of limited usefulness in defining
the input to the hydraulic model. The results, however, might instcad be
used as an indication of the proportion of fow which cach trnibutary
contributes; especially in cases where the proportions differ from those derived
from Table 10 which are based on the summation of flows at a given retarn
period. The use of flow proportions derived from the contingent flow
analysis has the advantage that some account is faken of the degree to which,
on average, individual tributary catchments respond in phase with the main
Thames flow.

The percentage contribution from each catchment as calculated from  the
contingent flows and the 2-year return period peak flows are given in Table

13. There are some significant differences between the two percentage
fipures quoted, notably for The Cut and the River Colne which have their
confluence with the Thames within the main study reach. Applying the

percentage  contribution based on the contingent flow analysis to the the
required flow addition between Days Weir and Teddington taken from Table
10 leads to some paradoxical results. For example, the River Colne
contributes 24.9% of the contingent flow summation but this implies that the
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10-year peak flow is required from the River Colne to make up the 2-year
flow addition on the ‘Thames. This is clearly not correct and the application
of the resuits from the contingent flow analysis is, therefore, not straight
farward. Further work is also needed to investigate the stabiity of the
calculated tributary flow percentages through the range of events on the main
River Thames (Section 7.1).

7. Suggested Methodology for Stage 2

It is clear from the above discussions that some of the results quoted above
need further testing against the hydraulic model and that some of the flow
estimates can probably be improved for their use in stage 2. Thus, two sets
of recommendations can be made as to the way to proceed - one relating to
further refinements to the stage 1 results and one relating to the methodology
to be used in stage 2. |

7.1  IMPROVEMENTS TO THE ESTIMATES FROM STAGE 1

There are four ways in which the stage 1 results should be further clarified
and refined.

First, if rating curves are necded for the out-of-bank flows at Cookham, Bray
and Bell weirs, then they must be calibrated against historical data, such as

the 1947 flood. The use of one data point to define these curves, however,
is unsatisfactory and it will, therefore, be necessary to proceed iteratively with
the hydraulic model to come (o some compromise rating. One particular

point of interest may be in the ratio of in-channel to flood-plain flows during
flood events. Another test required to vahdate the rating curves at low flows,
15 to conduct at least one ONIDA model run in which the weir gates arc not
fully drawn to compare with the equations presented in Section 3.

Second, in order to have a more secure basis for estimating the additional
flow input between upstream and downstream  stations on the Thames, two
improvements can be considered.  The first of these improvements is to usc
a smoothed curve for the flow additions required for different return periods,
thus removing the jump between the POT and annual maximum analyses.
The second improvement is to use locally pooled regional growth curves for
the Thames and its tnibutaries, incorporating into this historical data. The
main cffect of this, in terms of the Thames flows is already apparent from
the Maidenhead study and is to increase the Teddington flow at high rcturn
periods (Beran and Field, 1988) and so increase the amount of additional flow
required from the tributaries in the lower reach.

The third point which nceds following up is the estimation of ungauged
contributions to the Thames. The area ratios used in Section 5 could be
improved by making use of other important catchment characteristics such as
stream frequency and channcl slope in cases where there is a large difference
in arca between the ungauged and total catchment (ie. the Rivers Thame,
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Cut, Mole and Wey). A ratio based on the Flood Studies Report estimate
of the mean annual flood will be used.

The fourth area in which the stage 1 results nced clarification is in the
analysis of the contingent flows. The median contingent flows for different
rarity of cvents on the Thames needs to be investigated as Table 10 would
supgest that these ought to increase whereas the correlation coefficients
presented in Table 11 suggest that they may remain substantially constant.
The stability of the percentage flow contributions from ecach tributary  also
nceds  assessing and paradoxical results investigated if the work from the
contingent flow analysis is to be of use.

72 STAGE 2

The suggested methodology for stage 2 entails extending the Flood Studies
Report. rainfall-runoff method for use in catchments with an area greater than
1,000 km?.  The method will required some exploratory data work but, once
derived for the Days Weir-Teddington rcach of the Thames, should then be
applicable to other reaches of the Thames. Annual maximum return periods
of 2 and 100 years will imitially be selected for analysis. For the upstream
site, Days Weir, itself having a catchment area greater than 1,000 km?, design
hydrographs, based on an application of the Flood Swdies Report
rainfall-runoff  method using  subareas, will be generated with peaks
corresponding to the 2 year and 100 year return period flows.  These will be
checked aganst existing flow data and modifications made as necessary.

As a starting point, this same design rainfall and catchment wetness condition
will be applied to cach of the subcatchments between Days Weir and
Teddington. These peak flows will then be cumulated and compared with
the 2 and 100 year return period peaks expericnced at Royal Windsor and
Teddington.

In cumulaung the flows down the Thames, it is unlikely that a complete
match with Royal Windsor and Teddington will be found. This mismatch
could be due either to the timing of tributary flows compared to the main
stream, or to the incorrect estimation of volumes in the design hydrographs.
The latier is probably the more likely.  If this is the case, the rainfall-runoff
estimates for the tributary hydrograph shape, keeping the peak constant, will
be adjusted on the basis of evidence derived from flood volume data over
different flow durations.  The model will then be re-run for the basin.

Judging from Table 10b, the results from this sort of analysis should provide
something akin to the addition of a S0 year flow on the Thames with a §
year flow on the tnbutaries in the upper reach and a 15 yecar flow on the
tributaries in  the lower reach. In order to explore this further, it is
suggested that two steady state runs of the ONDA model are performed -
onc using these inputs and a sccond using the required flow difference
allocated to tributary inputs on the basis of the contingent flow proportions.
At the very lcast, these runs would suggest how sensitive the model is to the
input flows.
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TABLE 1  Availability of flow data for Thames and tributanies
between Days Weir and Teddington

Station No. Start POT POT
date threshold flowsfycar
ms!

Thames at Days Weir 39002 1938 100 2.8
R. Thame at Shabbington 39038 1968 11.19 5.6
R. Pang at Pangbourne 39027 1969 | 1.8 | 5.2
R. Kennet at Theale 39016 1961 220 6.0
R. Lodden at Sheepbridge - 39022 1965 100 53
R. Blackwater at Swallowfield 39007 1952 12.7 54
R. Wye at Hedsor 39023 1964 - -
Thames at Bray 39009 1965 - -
The Cut at Binfield 39052 1957 3.8 5.8
Thames at Royal Windsor 39072 1979 - -
R. Colne at Denham _ .39010 1952 - -
Misbourne at Denham 39091 1978

R. Pinn at Uxbridge 39098 1985

R. Wey at Tilford 39011 1954 22,6 34
R. Wey at Weybridge 39079 1978 - -
R. Mole at Castle Mill 39068 1971

R. Mole at Kinnersley Manor 39069 1973 16.0 4.5
Hoggsmill at Kingston 39012 1956 9.4 3.0
Thames at Teddington 3900 1883 200 35
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TABLE 2 Correlution matrices for weir data

COOKHAM WEIR

log Q log log log log W log log
hy by hys Wits HI
log hy,, 0963
log hpy, 0.903 0924
log hy, (.888 0.906 0937
log W (.809 0.752 0.585 0.559
log Wy 0.894 0.849 0.753 (.681 0.929
log HL -0615  -0647 -0411 -0454 -0.772 - 0.702
log HL g 0.649 0.732 0.553 047 0.739 0704  -0737
BRAY WEIR
log Q log log tog log W log log
by w P hys Wis HL
log hp, 0988
log hpy, 0749 0.791
log hye 0399 0423 0646
log W 0.873 0.841 0.473 0.005
log Wy 0.884 0.863 0.597 0.07 0917
log HL -0896 -0878  -0545 -0.129 -0926 -0.873
log HL4¢ 0923 0907 0.575 0.060 0970 0952  -0932
19




TABLE 2 (cont)

BELL. WEIR

log Q log log tog log W log log
hy w By hys Was HL
log hpy, 0.965
log hy,, -0.129 - 0.020
log hyg 0.374 0.523 0.326
log W 0.966 09N -0.19 0.435
Log Wy, 0913 0909 -0.173 0.351 0.907
Log HI. -0919 -0953 0210  -0487  -0967  -0893

log HLy, 0960 0939 -0138 0239 -~ 0940 0879 - 0868

where

log Q is the logarithm to the base 10 of the flow at the weir
(m*s™)

log by, is the tailwater level expressed as the logarithm of the height
on the tailwater board (m)

tog hy,, is the headwater leve!l of the “current™ weir expressed as the
logarithm of the height on the headwater board (m)

log hy, is the headwater level of the downstream weir expressed as the
logarithm of thc height on the headwater board (m)

log W is the “current” weir setting expressed as the logarithm of the
proportion of the weir drawn

log Wy is the downstream weir sctting expressed as the logarithm of
the proportion of the downstream weir drawn

log HL is the logarithm of the head loss over the “current™ weir (m)

log HL4, is the logarithm of the head loss in the downstream reach (m)
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TABLE 3 Travel times for Thames Study reach

Reach Wave Celerity Distance Time

(3/2 water velocity Taken

ms ') (km) (hours)
Marlow - Cookham 1.6 7.24 1.26
Cookham - Boulters 1.6 364 0.63
Boulters - Bray 19 378 (.55
Bray - The Cut 1.8 0.56 0.09
The Cut - Bovency 17 455 0.74
Boveney - Romney 2.1 330 0.44
Romney - Old Windsor 2.0 438 0.61
Old Windsor - Bell 2.1 5.50 0.73
Bell - River Colne 9 1.34 020
River Colne - Penton Hook 23 3.32 (.40

Note: Velocities used relare to an input of 225 m?s™* to hydraulic model,
inflow of 25 m3s™! down Colne; no other additions
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TABLE 4  Rating curves derived from regression analysis

COOKHAM WEIR

Model for a fully-drawn downstream weir:

Q 14.45 (H,, - 2094)2-°¢ (3.1a)

R?

It

90.2% S = 00162 n

15
Stepwise modet:
Q = 664 (Hp, - 2094)%°% - wo3tt .y, 0072
R? = 96.63% S = 00222 n = 36
Alternative models:

Q - 7.852 (le B 20.94)2.51 . wO.ZZB . \Vdso.lzs . HLdS'O.OBB:S

R? = 96.7% S = 00222 n = 36
Q = 138 (Hp, - 2094)%33 - Wo04s -y, 0283 (3.2a)
R? = 948% S =0.0275 n =36

BRAY WEIR
Model for a fully-drawn downstream weir:
Q = 1622(Hy, - 17.43)*0? (3.1b)
R? = 98.1% S = 000673 n o= 12
Stepwise model:
Q = 2018(H, - 1743)*-%%° - WO-285 - (H, - 19.60)°-0%2
R? = 98.68% $ = 0014 n =34

Alternative models:

O - 1148(le _ 17.43)2.14 . W0.166 . WdSO.OTIl . Hl‘ds'o.li"T
R? = 983% S = 00158 n = 36
Q = 1259(H, - 1743)%-°% - wo-088¢ . st'%f“ (3.2b)
\ &
- = JEEPRS .
R 98.2% S 0.01598 n = 36 \L\J‘
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TABLE 4 (contd.)

BELL WEIR

Model for a fully-drawn downstream weir:

Q = 1698(H,, - 103n*°° (3.1¢)
R? = 86.0% S = 00167 n =11

Stepwise model:
O = 857( H[w _ 10‘31)0.67 . W0.172 . HLdSO.ZSS
R? = 96.11% S = 00233 n = 36

Alternative models:
Q = 1000(Hy, - 10.31)°-5 %8 - wo.141 . st"'“‘ . !-lLdS°~“‘
R? = 963% S = 002302 n = 36
Q = 6761(H, - 1031)%%1 - wO24t ., 0120 (3.2¢)
RZ = 949% S = 00260 n = 36

where

Q is flow (m?s™')

Hy,,  is tailwater level (m.AOD)

W is proportion of “current” weir raised

W4, 15 proportion of downstream weir raised

HL, . is downstream hecad loss {m)

Hy,  is downstrcam headwater level (m.AOD)
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TABLE 5 Frequency Analysis of Annual Maximum
Data - Equation Parameters

Flow and Level

Station GEV Parameters EV1
Parameters
u a K ] a
Days Weir 123.10 48.32 0.075 121.50 45.29
Thame 2115 733 1.004¢ 18.09 5.29
Pang 2.04 0.67 0.059 202 0.64
Kennet 32.96 8.51 0.109 32.55 177
Loddon 14.40 399 0.021 14.36 391
Blackwater 18.91 411  -0.014 1894 4.17
Wye 2.66 (.51 0.033 2.65 0.49
The Cut 6.82 289  -0.0060 0.90 307
Bray/Windsor ! 221.12 75.23 0.022 220.36 73.73
Colne 9.20 2.84 0.284* 8.86 232
Wey at Tilford 20.15 4.93 - 0.320° 21.01 7.35
Mole at Castle Mill 57.06 19.27 0.177 55.59 16.77
Mole at Kinnersley Manor 36.77 12.85 0.162 35.87 11.29
Hoggs Mill 11.26 4.08 0.094 11.09 377
Teddington 265.20 92.69 - 0.068 2068.16 99.10
Cookham Weir 2471 0.51 0.563* 24.59 0.38
Bray Weir 2146 052 0.320* 2139 0.42
Bell Weir 14.21 0.50 0237 14.15 042

* Significantly different from zcro

! based on reconstructed data from Beran and Field (1988)

24




TABLE 6  Frequency Analysis of Peaks over Ihreahold Flow and
Level Data - Equaition Parameters

Station ) Qo B
Days Weir 20 110.84 36.66
Thame 4.0 11.42 7.44
Pang 4.0 1.82 051
Kennet 4.0 2535 728
Loddon 4.0 10.55 4.09
Blackwater 4.0 14.76 4.89
Wye - -
The Cut 4.0 4.53 2.63
Bray/Windsor! 2.0 195.05 46.16
Colne
Wey at Tilford 3.0 17.28 7.01

Mole at Castle Mill - . -

Mole at Kinnersley Manor 4.0 18.59 13.80
Hoggs Mill 2.0 10.81 264
Teddington 3.0 21291 76.16
Cookham Weir 20 24.54 0.34
Bray Weir 2.0 21.26 035
Bell Weir 1.5 14.17 0.34

! Based on level data and the rating curves of Beran and Field (1988)
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TABLE 7  Flow Calculations Based on a Frequency Analysis of
Level Data and the Rating Curve Recommended in

Section 3
COOKHAM BRAY BELL

Return Stage Flow Stage Flow Stage Flow
Period . mAOD m3¥s™t  mAOD m3s? mAQD m3s™!
roT

0.25 2431 175.3 21.02 160.5 13.83 212.8
0.33 24.40 185.4 21.12 176.0 13.92 2177
0.5 24.54 201.8 21.26 189.7 14.07 2259
1.0 24.78 2315 21.50 214.5 14.31 239.0

ANNUAL MAXIMA

2 24.88 2445 26.64 229.7 14.38 2429
5 25.23 293.1 2207 279.5 14.84" 2907
10 25.36 3124 2229 3069 15.08° 3203
25 25.47 329.2 2249 333.0 15.33! 3526
50 25.52 3369 2261 349.1 15.48* 372.6

! Use of equation for fully drawn downstream weir (in all other cases,
cquation incorporating weir settings used - weirs assumed to be fully
drawn).

position of bankfull flow as given in hydraulic model.
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TABLE 9  Adreal Correction Faclors

Tributary Area at Total Areal
gauge Catchment Correction
area
(km?) (km?)
Thame 4430 6389.7 1.557
Pang 170.9 183.4 1.073
Kennet 10334 11564 1.119
Loddon 164.5 1.299°
6477
Blackwater 354.8 1.299°
Wye 1373 140.4 1.023
The Cut 50.2 109.1 2.173
Colne 743.0 992.2 1.335
Wey at Tilford 396.3 895.6 2.260
Mole at Castle Mill 3160 1.541
486.9
Mole at Kinnersley Manor 142.0 3.430
Hoggs Mill at Kingston 69.1 748 1.082

Ungauged catchment area between Days Weir
and Royal Windsor 647.61 788.02

Areal correction .11 1.126

Ungauged catchment area between Royal
Windsor and Teddington 452,51 1444.7%

Areal correction 1.048 1.170

! for annual maximum data

? for POT data (ie. includes tributaries for which POT data not available)

* assumes both sub-catchments are equally representative of downstream

catchment
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TABLE 10 Addition of Jﬂows for Thames tributaries for given
return periods

(a) POT analysis

Return Period

025 033 0.5 1.0
Days Weir 85.43 95.61 110.84 136.25
Bray/Windsor * 163.05 175.87 195.05 227.04
required additional flow 77.62 30.26 84.21 90.79
Thame 11.42 13.48 16.57 2173
Pang 1.82 1.96 2.17 252
Kennet 25.35 27.37 30.39 35.44
Loddon 10.55 11.68 13.38 16.21
Blackwater 14.76 16.12 18.15 21.54
Wye?® . - - .
Cut 453 5.26 6.35 817
addition of gauged flows 68.43 75.87 87.01 105.61
addition including areal correction
for each tributary '90.82 101.26 11689 .~ 714299
including correction for ungauged R
non-tributary flows 102.26 114.02 131.62 161.00
Bray/Windsor' 163.05 175.87 195.05 227.04
Teddington 191.00 212.15 24319 296.58
required additional flow 2795 36.28 48.75 69.54
Colne* - - - -
Wey at Tiiford? 15.09 17.20 20.36 25.64
Mole at Kinnersley Manor 18.59 2242 28.15 3172
Hoggs Mill at Kingston 8.98 9.71 10.81 12.64
addition of gauged flows 42.65 49.33 5932 76.00
additton including arcal correction
for each tnbutary . 107.6 126.3 1543 2010
including correction for ungauged
non-tributary flows 1259 147.7 180.5 2352

! based on level data at Bray and thc Maidenhead rating curves.

? includes correction made to annual maxima and extended to the rest of the
data via regression analysis.

* POT data unavailable due to dominance of groundwater flow.
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TABLE 10 (contd.)

(b) Annual maxima analysis

Return Period

2 5 10 25 50

Days Weir 138.1 1894 2234 2664 298.2
Bray/Windsor* 2486 3321 3862 4562  508.
required additional flow 1105 1427 1628 1898 2099
Thame 234 26.8 217 282 283
Pang 23 30 35 4.1 45
Kennet 354 44.2 50.0 57.4 629
Loddon 15.8 202 232 269 29.6
Blackwater 20.5 252 283 323 352
Wye 28 34 38 4.2 4.6
Cut 8.0 11.5 13.8 16.7 189
addition of gauged flows 108.2 1343 150.3 169.8 184.0
addition including areal correction

for each tributary 1459 181.8 2036 2300 2492
including correction for ungauged

non-tributary flows 1606 2002 2242 2532 274 4
Bray/Windsor* 2486 3321 3862 4562 5081
Teddington 345 4168 4912 5851 6549
required additional flow 559 847 1050 1289 146.8
Colne 102 127 139 152 159
Wey at Tilford 221 29.7 364 47.7 58.5
Mole at Castle Mill 61.7 86.7 933 102 121.0
Hoggs' Mill at Kingston 12.5 16.7 19.6 231 25.8
addition of gauged flows 106.5 139.8 1632 1952 221.2
addition including arcal correction

for each tributary 1722 2265 2658 3214 360.2
inctuding correction for ungauged

non-tributary flows 1804 2374 2786 3308 375

'based on data from Beran and Ficld (1988)
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TABLE 11 Correlation Between Mean Daily Flows on Thamnes at
Days Weir and Contingent Daily Flows on Tributaries
and at Teddington for Dates Defined by POT at Days
Weir

Correlation coefficient No. events Lag
Same day  Time lagged (hours)

Thame 0.249 00.249 42 0.3

Pang (1393* 04021 43 45

Kennet - 0.0867 -0.069 2 57 6.5

Loddon -0.244 -0.214 52 7.8

Blackwater 5 - 0.062 -0.022 82 7.8

Wye 0.624 0.001 52 11.8

The Cut - 0.058°3 -0.0543 72 135

Colne 0.128 011 82 16.1

Wey at Tilford 0.154 0.201 80 17.4

Mole at Castle Mill 0.027 0.096 28 18.6

Mole at Kinnersley Manor - 0.052° 0.073? 31 18.6

Hoggs Mill at Kingston -0.007 0.017 73 216

Teddington 0.628 0.718 121 235

! affected by outlier -

?

3

several outhers influence results

31
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TABLE 12  Addition of Daily Flows for Dates Defined by the Peak
over Threshold Series for Days Weir

Same Day Time Lagged

Median Median

Contingent Contingent

flow flow
Thame 13.55 13.48
Pang 1.41 138
Kennet 19.50 19.47
l.oddon 452 4.26
Blackwater 0.05 6.27
Wye 1.27 1.26
The Cut 0.76 .69
total gauged flow 47.66 40.81
addition of flows including areal
correction for tributaries 019 60.7
including correction for upgauged
non-tributary flows 68.1 66.9
Colne 0.96 6.49
Wey at Tilford® 599 5.45
Mole at Castle Mill 8.61 7.04
Hoggs Mill at Kingston 132 1.24
total gauged flow 22.88 2022
addition of flows including areal
correction for tributaries 375 33.2
including correction for ungauged
non-tributary flows 393 348
Median for Days Weir 124.0 124.0
Median for Teddington 253.0 238.8
required flow addition 129.0 114.0
actual flow addition 107.4 161.7

no correction applicd to flow data data from Surface Water Archive held
at IH.
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TABLE 13 Percentage Flow Contribution from Each Tributary

Catchment
Figures bascd on Figures based on
contingent flow 2-year return period
analysis peak flows from annual
(including tributary maximum series
areal correction factor) (including tributary
areal correction factor)
Thame 314 22.7
Pang 2.2 1.5
Kennet 32.6 247
Loddon 83 ' 128
Blackwater 122 16.6
Wye 19 1.8
The Cut 22 10.8
ungauged non-tributary
contribution 92 9.1
Colne 249 7.5
Wey 354 217
Mole 312 52.7
Hoggs Mill 39 7.5
Ungauged non-tributary
contribution 4.0 4.6
33




STUDY REACH

Figure 1 Schematic diagram of the Thames between Days Weir
and Teddington including gauged tributaries
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Figure 2a Stage-discharge plot for Cookham weir
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Figure 2c Stage-discharge plot for Bell weir
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Figure 3b Flood frequency curves based on annual maxima for
River Thame at Shabbington
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Figure 3¢ Flood frequency curves based on annual maxima for
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River Loddon at Sheepbridge
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Figure 3f  Flood frequency curves based on annual maxima for
River Blackwater at Swallowfield
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Figure 3g  Flood frequency curves based on annual maxima for
River Wye at Hedsor
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Figure 3h Flood frequency curves based on annual maxima for
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} 3 Flood frequency curves based on annual maxima for
Fgure River Trhainescfu Bray-Windsor - data from Beran and
Field (1988)
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Figure 3k Flood frequency curves based on annual maxima for
River Wey at Tilford - using revised data
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Figure 31 Flood frequency curves based on annual maxima for
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Figure 3m  Flood frequency curves based on annual maxima for
River Mole at Castle Mill
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Figure 3n Flood frequency curves based on annual maxima for
Hoggsmill at Kingston
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The Institute of Bydrology 1sa component establishment of the UK
Natural Environment Research Council, grant-aided from Government
by the Department of Education and Science. For over 20 years the
Institute has been at the forefront of research exploration of hydrological
systems within complete catchment areas and into the physical
processes by which rain or snow 1s transformed into flow in nvers.
Applied studies, undertaken both in the UK and overseas, ensures that
research activities are closely related to practical needs and that newly
developed methods and instruments are tested for a wide range of
environmental conditions.

The Institute, based at Wallingford, employs 140 staff, some 100 of whom
are graduates. Staff structure is multidisciplinary involving physicists,
geographets, geologists, computer scientists, mathematicians, chemists,
environmental sclentists, soil scientists and botanists. Research
departments include catchment research, remote sensing,
instrumentation, data processing, mathematical modelling,
hydrogeology, hydrochemistry, soil hydrology, evaporation flux studies,
vegetation-atmosphernc interactions, flood and low-flow predictions,
catchment response and engineering hydrology.

The budget of the Institute comprises £4.5 million per year About 50
percent relates to research programmes funded directly by the Natural
Environment Research Council Extensive commissioned research is
also carried out on behalf of govemment departments (both UK and
overseas), vanous international agencies, environmental organisations
and private sector clients. The Institute 1s also responsible for
nationally archived hydrological data and for publishing annually
HYDROLOGICAL DATA: UNITED KINGDOM.
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