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1. INTRODUCTION

Under a recent agreement with Severn-Trent WA (Ref.l), water will be
released from Caban Coch reservolr (in the Elan Valley) to cegulate low
flows in the river Wye. The scheme supports increased abstractions from

the river, notably Welsh Water's new abstraction at Monmouth.

For much of the time, water will be released from Caban Coch at a rate
of 0.79 cumecs - the minimum release rate. However, 1in dry weather
recession perlods the release rate will be adjusted on a daily basis in
order to maintain where possible a residual flow at Redbrook (see Fig.!) of
14.00 cumecs, Appendix 3 of Ref.l specifies a2 maximum release rate of 2.68
cumecs, limited to 2.37 cumecs if the Elan Valley resource system is under

stress,

Releases from Caban Coch take about 3 days to arrive at Redbrook. It
{s therefore necessary to forecast flows in the Wye system up to 3 days
ahead so that resource wastage (through "over-releasing”) or resource

shortfall (through “under-releasing”) can be minimized.

The brief for this project was to provide guldance in forecasting the
recovery of Redbrook flows from observed flow “up-turns” at gauging
stations in the middle and upper reaches of the Wye and its tributaries.
However, the work carried out is relevant also to the more general problem
of forecasting the release requirement, for which a method is given in

Section 8 of the report.

2. DATA

2.1 Flows

Daily mean flow data are avallable for about 25 gauging stations in
the Wye basin as part of the UK Surface Water Archive maintained at the
Institute,

The period 1970-1984 was inftially chosen for study: this period
includes the severe drought years of 1976 and 1984. Unfortunately,

-




processing and validation of the flow data are Incomplete for recent years*

and the study has therefore centred on analyses for the ten-year period

1970-1979,

During the study the Institute's holding of river level chart data was
brought up to date by microfilm copying funded by the Surface Water Archive
project. It has therefore been possible to make a preliminary test of how
models developed on historical daily mean flow data might be translated for

operational forecasting using instantaneous (rather than daily) data.

2.2 Releases

Past releases from Caban Coch have mainly taken the form of
compensation water. Prior to September 1975 the basic rate was 1.58
cumecs, thereafter .42 cumecs. From time to time, freshets have heen
released for fisheries or canceing interests. These have typically been
pulse releases of + 3.03 cumecs lasting for 48 hours. Some specific
experimental releases have also been made to monitor the propagation of low

flow releases down the Wye. (See Ref.2).

Dally release (and overspill) data for Caban Coch were received during
the project and extended the record already held on the Surface Water

Archive up to December 1984.

2.3 Abstractions

Excluding the Elan valley supply, the main abstractions from the Wye
are at Hereford, Lydbroock and (from 1985) Monmouth, The licenced
quantities are 0.35, 0.53 and 1.58 cumecs respectively. The abstraction at
Hereford is for public water supply locally and there is a corresponding
effluent return to the Wye, (The abstraction and discharge points are
downstream of the Belmont gauging station). However, the abstraction at
Lydbrook is exported from the Wye basin. Monthly abstraction data for
Lydbrook show a progressive increase in utilization from 1973 (0.0 cumecs)
to 1977 (mean of 0.2 cumecs). Thereafter, the abstraction has been fairly

steady in the range 0.3 to 0.4 cumecs {(mean of 0.36 cumecs).

* Problems with the more recent data include the downgrading of some
stat{ons (eg. Lugwardine and Tafolog) and uncertain rating curves
due to weed-growth (eg. Redbrook}.
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2.4 PFlow naturalization

In order to assess the natural behaviour of the Wye, the flows at
Erwood, Bélmont and Redbrook gauging stations were natutalized as follows.
Fitst, that part of the Wye catchment draining to the FElan valley |
reservolrs (184 kmz) has been excluded by subtracting all releases and
oversplll at Caban Coch from the gauged flows at Erwood, Belmont and
Redhrook. {4 total naturalization - attempting to estimate the river flows
that would have occurred if the reservoirs hadn't been built - is i

practicable only for monthly or weekly data and would be of interest more

for planning studies than for operational studies of existing arrange-

.ments.}) The naturalization was carried out assuming a l-day travel time to

Ervood, two days to Belmont and three days to Redbrook. (See Section 4,)

The Redbrook flows were further naturalized by the addition of the

Lydbrock abstraction.

3, LOW FLOW BEHAVIOUR

Before developing forecasting methods it is helpful to appraise the
low flow behaviour of the Wye and its tribﬁtartes. Since a storm occurring
over only a single subcatchment could result in a flow recovery at
Redbrook, flows throughout tﬁe Wye basin are of Interest. Hence haily mean
flow data were examined for 15 gauging stations., (See Table 1l and:

Figure 1}. Stations assessed to be more than 3 &ays low flow travel time
from Redbrook (eg. Wye at Pant Mawr) or of little consequence (eg. Yazor at

Three Elms) were not analysed.

Standard programs were uséd to plot and tabulate the daily mean
flou data. Most of the data appeared to be reliable but some anomalies
were noted and attributed to abrupt changes in ratiﬁg curves, faulty
instrumentation, or a very occasional rogue value. However, few of these
anomalies affected the period 1970-1979 and this was the main reason for

choosing to standardize the analyses to this period of record.




Table 1.

Low flow characteristics for Wye subcatchments

(1)
Sub-basin

Upper Wye

Middle Wye

Lugg

Frome

Mo nnow

Lower Wye

Footnotes:

e = gstimated

(2) (3)

Station Area
km?

Ddol Farm 174
Cilmery 244
Disserth 358
Ungauged* 322
Erwood* 1098
Erwood* 1098
Three Cocks 132
Ungauged 666
Belmont#* 1896
Byton 203
Ungauged 168

Butts Bridge 371
Titley Mill 126

Ungauged 389
Lugwardine 886

Bishops Frome 78

Ungauged 66
Yarkhill 144
Tafolog 25
Ungauged 329
Grosmont 354
8e lmont* 1896
Lugwardine 886
Yarkhill 144
Grosmont 354
Ungauged 546
Redbrook* 3826

(4)
ADF
(70/79)

cumecs

6.48
8.97¢
7.00¢€

7.85¢
30.3

30.3
f.98¢

5.22€
37.5

3.67

1.85¢€
5.52
2,23

3.14¢
10.89

0.70¢
0.47¢
1.17¢€

0.70%
4093e
5.63¢

37.5
10.89

1.17¢
5.63¢

7.11¢
62.3

(5)
AARC
(70/79)
mm

1175
1160¢
617¢

769¢
871

71
473€

247¢€
624

570

347¢€
469
558

255¢€
388

283¢
225¢
256¢

880¢
473e
502¢

624
388

256¢
502¢

411¢
514

(6)

Q90/ADF

0.113
0.100
0.068

0.115

0.115
O.111

0.139

0.221

0.202
0.170

0.206

0.174

0.174

0.194

0.134

0.139
0.206

0.174
0.134

0.201

(7)
Q90
(70/79)

cumecs

0.74
0.90e
0.46¢

3.47

3.47
0.22¢

5.23

0.81

2.24

0.12¢

0.208

0.14®

0.75¢

5.23
2,24

0.20¢€
0.75¢€

12.5

(8)
h90

days

11
124
134

134

13%
31

164

46

37
36

74
24
25¢
24

32

164
N
25¢
32

214

* @excludes Elan valley reservolred catchment, see Section 2.4.

(9)
BFI

0.38
0.39
0.42

0.43

0.43
0.60

0.46

0.69

0.64

0.54

0.55

0.54

0.5&

0.46
0.64

0.55
O.sa

0.57




3.1 Average daily flow

Nine of the stations have complete records for the period. For the
remaining six stations, the gauged average daily flow (ADF) was adjusted to
the standard period (1970-1979) by reference to neighbouring gauges with
complete recordg. The ADF's are given in column 4 of Table 1, which
summarizes the low flow characteristics of the varlous subcatchments.

Column 5 shows the equivalent average annual runof f (AARO} in millimetres.

3.2 Flow duration analysis

A standard program was used to calculate (and plot) flow duration
curves, The 90 percentile flow (Q%0) - the dally mean flow exceeded 90X of
the time - was chosen as a reference low flow In this study. Generally the
Q90 values shown in column 7 of Table 1 have been taken directly from the
flow duration analysis.  However, for the six stations with incomplete
records, the ratio Q90/ADF (column 6) was applied to the adjusted ADF (see
Section 3.1} to arrive at an estimate of Q90 for the standard period
1970-1979. '

3.3 Master recession curve

Figure 2 shows the Redbrook naturalized daily mean flows for 1981,
(The period July to September 1981 was chosen to provide an independent
test of the forecasting methods derived, to which Section 8.3 refers.) The
logarithmic scale used in Fig.2 accentuates low flow periods and highlights

"dry weather” recessions,

A manual technique (Ref.3) was used to assemble a master recession
curve for each of the more important stations. The curves for Erwood,
Redbrook and Byton are shown-in Fig.3. Although fiddly and highly
subjective to derive, these master recession curves characterize low flow
behaviour in a manner especially helpful to forecasting the earliest time

at which & critical low flow may be reached.

A straight line plot on Fig.2 or Fig.3 would correspond to the linear

exponential recession:

Qr = Qo e—at ‘ (1)
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where Q is flow, Q, initial flow and t is time. The recession parameter
a has the dimensions of [time'l]; the gradient of the inQ v. t plot is

!

To aid interpretation it is convenlent to speak of the recession
half-1life, h, which is the time taken for Q to decay to half its initial

value, Substituting:

o = La2 -(2)
h
t/
ylelds: Qg = QOL%) h _ -(3)

which is entirely equivalent to Eqn.l. For a linear exponential recession,

specification of h{or a) completely determines the recessiocn behaviour,

In practice, master recessions often plot as a curve on &nQ v. t, the

recession decaying ever more slowly. Recessions for Titley Mill, Byton and

Lugwardine were the most curved; those for Cilmery, Disserth, Belmont and

Redbrook were almost straight.

Various non-linear recession formulations are possible, eg.

—atb " _(at+by
(4)- Qe = Qo e at or Qe = Qo e (at+b’/t)} _(5)‘

However, whereas interpretation of h in Equation 3 is relatively

stralghtforward, it {s all too easy to become confused with the parameter

interactions in non-linear models.

Instead a compromise approach was édopted in this study. The
recession behaviour has been characterized by the gradient of the master
recession curve at the reference low flow, Q90, {(See Fig.3,) The
corresponding recession half-1life, h90, is given in column 8 of Table 1,
It is seen that Ddol Farm has the fastest dry weather recession (h90 = il

days) and Byton the slowest (h90 = 46 days).
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3.4 Baseflow index ( BFI)

Partly to overcome the labour and subjectivity of recession curve
analysis, the UK Low Flow Study (Ref. 4) developed the baseflow index,
BFl, Calculated from daily mean flow data by a simple algorithm, the index

ranges betweean 0 and 1. Higher values (eg. 0.7} are derived for statlons

where groundwater-fed baseflow represents a large part of the annual
runoff; lower values (eg. 0.3) are derived on less permeable catchments

where baseflow constitutes a much smaller proportion of annual runoff.

The BFI values derived for the Wye stations are given in columan ¢ of

Table 1. The values confirm the distinct behaviour of different parts of

the Wye basin,

Table 2. Catchwent subdivision by geology and low flow characteristics

Region Solid geology BF1 h90
(days)
Lugg A Relatively permeable 0.62 to 0,69 36 to 46

sandstones (especially marls)

Other middle Less permeable sandstones 0.54 to 0.60 24 to 32
and lower Wye ‘

tributaries

Upper Wye Relatively impermeable Ordovician 0.38 to 0.43 11 to 14
(to Erwood) and Silurian sediments

3.5 bDiscusseion

Low flow behaviour is generally controlled by geological factors.
From an outline map of the Wye basin geology (map 2 of Ref.5) it is
possible to distinguish three reglons of differing solid geology. (See
"Table 2.) The basin is generally drift-free but there are notable glacial

sands and gravels in the Lugg valley south of Leominster and the Wye Valley
west of Hereford. Re-arranging the BFI and h90 values from Table 1 into

these three regions it is seen that the observed low flow behaviour is
conslgtent with this subdivision., There is therefore some support for

estimating BFI or h90 for ungauged areas on the basis of geology.
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The close relationship between these low flow indices is revealed by a

plot of h90 against BFI. This is shown in Fig.4 together with the

empirical relation:

h90 = 5S4 BFI® (1 + BFI) -(6)

fitted to the data. This equation has been used to estimate h90 for three
catchments for which a master recession analysis was not attempted (namely:

Three Cocks, Bishops Frome and Yarkhill); deriving master recession curves

is time-consuming!

While there is consistency in much of Table 1, there are one or two

derived values that warrant further comment. The low value of Q90/ADF for
Disserth indicates that groundwater is particularly limited on the Ithon.
This feature was noted in the Wye R.A. Section 14 Survey (Ref.5) and the

suggestion made that this might be true also for much of the ungauged area

to Erwood {(notably the Edw).

The relatively high value of Q90/ADF for Redbrook indicates that low
flows are particularly well maintained on the lower Wye, This probably
arises out of the sheer diverseness of the catchments upstream: low flows

on the upper Wye not always colnciding with low flows on the Lugg.

The Q90/ADF values for Tafolog and Grosmont appear to be
It is difficult to explain why low flows at Tafolog should
One notlon 1is that low flows in

inconsistent.
be much better sustained than at Grosmont.
the Honddu may benefit from groundwater contributions from the sandstone -
which slopes from the Wye just downstream of Erwood towards the Honddu and
adjacent tributaries. (Comparison of ADF's and flow duration curves for
Erwood, Three Cocks and Belmont suggests that the Wye may be effluent to
groundwater in the Erwood/Belmont reach for normal and high €flows, but
influent at low flows. Perhaps the same aquifer feeds the Honddu at low
flows too.) 4 no less likely explanation is that low flow measurement at
Tafolog or Grosmont may simply be inaccurate. The poor correspondence

between Tafolog and Groswmont low flows is discussed further in Section 6.6.

.........O................Io.....-[
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4, TRAVEL TIMES

A prerequisite to constructing a method for forecasting flow recovery

at Redbrook is an appreclation of travel times in the Wye system.

Flood wave travel times between Erwood and Redbrook were examined in
the Flood Studies Report {Ref.6) and the range of values to be expected is
reported in the Wye Area flood warning procedures (Ref.7). Travel times of

flow "rises” in low flow conditions are, of course, rather longer.

Some specific information was available from a study of experimental
regulation releases in June and July 1975 (Ref.2). This was augmented In
the preseant study by extracting river level data for three freshet releases
{see Sectlon 2.2) which took place in low flow conditions. Travel times of

flow "rises” deduced from these data are summarized in Table 3.

TABLE 3. Observed travel times of recoveries from low flow

Start Release Release Rise travel times Redbrook flow
date magnitude duration CC EW EW BM BM RB prior to release
(cumecs) (hr) {(hr) {(hr) (hr) (cumecs)
21 Jul 70 + 1.617 81.5 15 27 28 11.2
31 May 75 + 3.033 48 12% 26 264 18.8
8 Jul 75 + 2.766 48 15 30 33 12.4
3 Jun 78 + 3.033 48 13 24 25 25.0
7 Jun 80 + 3,033 48 15 26 33 16.0
Typlcal rise travel times: 15 27 30

Key: CC-Caban Coch, EW-Erwood, BM-Belmont, RB-Redbrook
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Similar travel times can be expected for natural flow rises passing
these gauging stations*. Based on the Table 3 data, Table 4(a) glves
estimated cumulative travel times to Redbrook for flow rises in low flow
conditions. Travel times on the Lugg, Frome and Monnow have not heen

examined in detail but broad estimates are given in Table 4(b).

Table 4. Estimated cumulative travel times to Redbrook

for flow rises (in low flow conditions).

Station Travel time to Redbrook Code
(hr) (nearest day) (see Section 6)
Caban Coch 72 3
Ddol Farm 69 3 DF3
Disserth 66 3 DS3
(a) Cilmery 63 2 o0or 3 CM2, CM3
Erwood 57 2 or 3 EW2, EW)
Three Cocks 51 2 TC2?
Be lmont 30 1 BMI
- Ticley Mill 72 3 ™3
Byton 72 3 BN3
Butts Bridge 51 2 8B2
(b) Lugwardine 27 1 LG1
Yarkhill 27 1 YHI
Tafolog 15 1 TF1
Grosmont - 9 0 orl MO, GMI
FOOTNOTE

* 1f anything, travel times may be slightly shorter because the runoff
conditions responsible for the rise at the upstream station may also
affect the ungauged area inflow between the upstream and downstream
stations.
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5. PROBLEMS IN FORECASTING FLOW RECOVERY AT REDBROOK

The hrief of the study was to produce a method for forecasting natural
flow recovery at Redbrook up to 3 days ahead - from telemetered river level
rises elsewhere in the system - so that releases from Cahan Coch can be
curtailed, This section discusses some of the basic difficulties in

achieving this.

5.1 The Trothy and Monnow

From examination of the travel times presented in Table 4, and the
layout of the Wye catchment (Fig.l), it is apparent that flow rises on the
Trothy and Monnow may cause the Redbrook flow to recover relatively

rapidly.

The travel time from Mitchel Troy {on the Trothy) to Redbrook is no
more than about 2 hours. The catchment to Mitchel Troy has been analysed
in follow-up work to the Flood Studies Report and a recent IH report
(Ref.8) tabulates results from a rainfall/runoff analysis of 8 events,
Although these are all winter events, it is apparent that the natural
response characteristics of the catchment are such that appreciahle flow
rises at Mitchel Troy {say, | cumec) can occur within ahout 4 hours of
effective rainfall commencing., Only about lmm of effective rainfall is
needed. DNeveloping a rainfall/runoff model to forecast Mitchel Troy flows
from telemetered rainfall data might achlieve warning lead times of 4+2=6

hours for consequent flow rises at Redbrook.

In the case of the Monnow, the travel time from Grosmont to Redbrook
is no more than 9 hours., With appropriate telemetered rainfall data and a
rainfall/runoff model, a total warning lead time of 6+9 = 15 hours might be
realised for consequent flow rises at Redbrook. (The modelling task is
demanding; an apprecliable flow rise at Redbrook will be produced by as

little as 0.5mm of effetive rainfall on the Monnow!)

These lead times are pitifully short in comparison with a release
travel time of 3 days from Caban Coch to Redbrook. It must be acknowledged
that Lf a period of dry weather recession (requiring regulation releases)
is broken by heavy rainfall on the Trothy and Monnow catchments (whether
this be local or widespread over the Wye basin) {t is likely that at least

2 days' regulation releases will be "wasted”.
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In some instances there may be a sufficiently large soil molsture
deficit (SMD) that no appreciable flow rise occcurs. Monitoring SMD on a
daily or weekly basis will provide some guidance but, when runoff from the
Trothy or Monnow does occur, the very short lead time for flow recovery at

Redbrook again applies.

Operational arrangements at present (Ref.l) are such that the release
rate at Caban Coch Is adjusted no more than once dally - generally at 14.00
hrs following a decision at about 12.00 hrs, 1If heavy rainfall affecting
the Trothy and Monnow catchments were to commence between 12.00 and
24.00 hrs (a 50% chance), it is probabhle that the Redbrook flow will have
risen appreciably before the next release adjustment is made. This would,

of course, make forecasting the time of Redbrook flow recovery a nonsense.

While the Trothy and Monnow present a problem that is all too obvious,
the other tributaries are less troublesome. The largest - the Lugg - is
particularly slowly responding. The remaining tributaries in the lower and
middle Wye are each fairly small and none is thought to be as qulickly

responding as the Trothy or Monnow. .

5.2 Short-lived flow recoveries

In the event of a flow rise occurring as a result of one or more
localised intense storms it is desirable that the forecasting method should
recognize that the resultant flow recovery at Redbrook may be short-lived.
The method presented in Section 8 seeks to achieve this.

6. FORECASTING MODELS DERIVED FROM DAILY MEAN FLOW ANALYSIS

6.1 Selection of data

Low flow "events” were selected from the period 1970~-79 on the basis
of the naturalized daily mean flow at Redbrook. The twin criteria were
that the event should span successive days on which the flow was less than
17.4 cumecs (1500 M/day) and that, for at least one day within the period,
the flow should fall below 14.0 cumécs (1210 MR/day). The day on which the
Redbrook natural flow finally rose above 17.4 cumecs was also included in
each event. [The 17 .4 cumecs is an arbitrary threshold; 1in a dry weather
recession the Redbrook natural flow takes about 7 days to fall from 17.4

cumecs to 14.0 cumecs. Regulation support is generally required for
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natural flows below about 15.3 cumecs (1323 Mi/day), Lf the full licenced

abstractions are to be taken.)

On this basis a total of 30 discrete events were identified, ranging
from several 5-day events to a 123-day event commencing 26 May 1976. For
the 675 days making up these events, daily mean flows were extracted from
the Surface Water Archive for the stations listed in Table 4. 1In doing
this, an appropriate 1, 2 or 3-day lag was allowed. Thus data for Belmont
were taken one day earlier (than Redbrook) and labelled BMl. Similarly,
data for Butts Bridge were taken two days earlier (than Redbrook) and
labelled BB2. For stations such as Cilmery, data were extracted at two lag
times (CM2 and CM3) because the low flow travel time was assessed to be

about 2¢ days (see Table 4).

Data for Kentchurch were used in lieu of Grosmont for dates prior to 1
May 1972. Five other stations considered in the analysis (Cilmery,
Disserth, Three Cocks, Yarkhill and Tafolog) have incomplete records for
1970-79 and these missing values affected half of the 30 low flow events
analysed. This meant that some of the 675 days had to be excluded at
certain stages of the regression analysis. However, using the
sophisticated weighting facilities available {n GLIM (Ref.9) it was

possible to make a minfmum of exclusions while retaining even-handedness.

A step-by—-step approach was adopted in the development of a flow
forecasting method. First, a model was derived to forecast Redbrook 1 day
ahead from tributary stations. Then models were sought for forecasting

these tributary stations from stations further upstream.

6.2 1-day ahead forecast for Redbrook

Various model structures were considered. The best 3-variable

additive model was:

RBO = 1.893 + 1,082 BMI + 1.056LG1 + 8.133 TFI
[r? = 85.6%, rmse = 2.00 cumecs) -(7)

Here r2

denotes the percentage of variation in RBO explained by the
regression, and rmse is the root mean square error., Additional variables

were not significant,
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The constant term In the regression is conceptually unappealing.

Suppressing the constant ylelded:
RBO = 1.114 BMl + 1.688 LGl + 8.494 TFl [rmse = 2.10 cumecs] -(8)

However, the residuals from these equations were unevenly distributed, higher
flows tending to have larger forecast errors. A multiplicativé model was
therefore fitted by applying logarithmic transforms to the variahles. This
yielded: '

0.475  0.305  0.120
RBO = 4.918 BMI M1 LGl [R? = 88.1%, fse = 1.17]  -(9)

Here R? denotes the percentage of variation in Rn(RBO) explained by the

regression and fse Ls the factorial standard error in estimating RBO.

The relative merits of Eqns. 8 and 9 are difficult to assess elther
statistically or conceptually. An additive model is perhaps more obvious;
the coefficients fa Eqn.8 can be interpreted as weights for representing the
ungauged area to Redbrook., It is natural to think of the flows at Belmont,
Lugwardine and Tafolog - together with a representation of the ungauged flow-

summing to the Redbrook flow (after appropriate time lags). However, where a
low flow recovery occurs on one tributary in isolation, one might expect 1its
effect at Redbrook to be attenuated somewhat. The form of Eqn. B cannot
represent such Interactions. In contrast, the multiplicative form of Eqn.9
glves greater emphasis to low flow recbverles that affect Belmont, Lugwatrdine

and Grosmont in unison.

Forecasts made using either equatfon will be error-prone. For example,
at times when the Redbrook natural flow {s close to 14.0 cumecs, Eqn.9 has a
standard error very similar to Eqn.8. Only two out of three forecasts will be
within 2.1 cumecs of the correct value. This, performance is, in itself, quite
useless. However, the residual errors from Eqns. 8 and 9 exhiblt considerable
serfal correlation and there is therefore potential for lmproving forecasts by

some sort of real time correction procedure. (See Ref.l10)
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6.3 l-day ahead forecast for Belmont

Several models were developed for forecasting Belmont flows 1 day ahead.

A multiplicative model was again preferred:
.61 .27
Bl = 3.636 Ew2" 010 1ac2®+270 [R? = 82.2%, fse = 1.29] -(10)

A simpler equation, not requiring Three Cocks, is:

Bl = 2.046 Ew20' 783 [R2 = 78.3%, fse = 1.33] ~(11)

The greater uncertainty in l-day ahead forecasts for Belmont than for
Redbrook (compare fse's for Equations 9 and 10) reflects the proportionally
larger ungauged area to Belmont than to Redhrook. (Whereas Belmont,
Lugwardine and Grosmont gauge 82% of the area to Redbrook, only 653% of the

area to Belmont {s gauged by Erwood and Three Cocks).

6.4 #-day ahead forecast for Erwocod

It was not practicable to develop a 1-day ahead model for Erwood:

travel times from Cilmery and Disserth are only about 6 and 8 hours. However,

by definlng:

CM2.5 = YTMZ, CH3 and DS2.5 = /DSZ, DS3

a model was derived for forecasting half a day ahead:

B2 = 4.137 (on2.5)% 4 0s2.5)°%+30(pr )0+ -(12)
[R® = 91.1%, fse = 1,23]

6.5 2-day ahead forecast for Lugwardine

Several models were developed for forecasting Lugwardine flows., The

preferred model:

0.615
LGl = 4.238 (TM3. BN3) [R? = 78%, fse = 1.25] -(13)

provides a 2-day ahead forecast.
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6.6 } —day ahead forecast for Grosmont

The degree of correspondence hetween Tafolog and Grosmont low flows

was relatively low, as discussed in Section 3.5. The model:

GMl = 1.112 (TF1.5)0 %% [R2 = 45.1%, fse = 1.32] -(14)

provides a half-day ahead forecast., Neither the multiplier nor the
exponent inspires confidence. For example, substituting Q30 for Tafolog
{0.136 cumecs) yields 0.305 cumecs for Grosmont - which Is rarer than Q99.

The model cannot therefore be recommended.

6.7 Composite forecast for Redbrook

Combining the models from of Eqmns. 9, 11, 12 and 13, and estimating
GMl by a linear exponential recession (GMl = 0.982 GM3), vields:

RBO = 13,57 DF30'086032.50'1lgcnz.so'l51TM30'0743N30'0740M30'305 -(15)

Re-fitting the model indicated that not all these variables are

significant. A strip-down regression analysis ylelded:

0.133 ,0.139, 10.391 . ,0.270 ~(16)

[R? = 73.0%, fse = 1.26]

RB} = 17.37 CM2.5

However, adoption of Eqn. 15 or 16 to forecast Redbrook flows 2} days
ahead would preclude the possibility of using data from Erwood, Belmont and
Lugwardine to "correct” forecasts by reference to recent errors at these

intermediate stations.

7. IMPLEMENTATION PROBLEMS

There Iis a wide gap between what 1s desirable and what can be readily
achieved. The two basic difficulties are the lack of automatic data entry

and the drawbacks of a forecasting method based on dally mean flows.




20

The Wye basin is large and {ts flow behaviour complex. The gauging
network and telemetry system offer much relevant information but the
absence of automatic data entry severely limits its use, How can [5-minute
telemetered river level data for many statlons be processed into daily mean

flows Iin near real-time without automatic data entry to a programmable

computer?

The predilection for daily mean flows has strengths and weaknesses. A
daily analysis is in accord with present operational arrangements which
provide for only once dally variations in the Caban Coch release rate.

(See Section 5.1). Also, the licence conditions governing abstractions at
Lydbrook and Monmouth - notably, the residual flow at Redbrook - are
specified as daily means, There is the related asset that working with
24-hour integrated values provides a degree of smoothing and eliminates

diurnal varfations (arising from water use).

However, the limitations of a dailly analysis are severe. Forecasting
changes of flow two or three days ahead warrants a finer data {nterval; in
patrticular, the Section 6 analysis has represented low flow rise travel

times very coarsely.

The regression models of Section 6 are coarse in concept as well as in
detail. For example, it is possible that bankside stocage (alternate
influent/effluent behaviour in some river reaches) has an important effect
on the propagation of low flow rises. To develop a physically realistic
model for low flow forecasting 1s, of course, no easy matter; but
regressions based on daily mean flow data fall a long way short of this

ideal.

One possibility considered was to convert the Section 6 equations for

use with Instantaneous flow values. Unfortunately it is not at all obvious

how this should be done. Trilals carried out using 3-hourly river level
data for a low flow recovery "event” In September 1981 were not
encouraging. A particular defect noted was that the forecast flows at

Redbrook jumped about from one time step to the next.

Faced with the above difficulties it was decided to reject the Section
6 regression equations in favour of an alternative forecasting method based
largely on recession extrapolation. The method rests on the low flow
analyses of Section 3, the travel-time estimates of Section 4, and a novel

baseflow separation technique.
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8. A FORECASTING METHOD BASED ON RECESSION EXTRAPOLATION

8.1 Basic Method

The principle of the method is illustrated for forecasting Erwood

instantaneous flows 15 hours ahead. There are two steps.

First, the current flow at Erwood i{s compared with earlier flows at
Ddol Farm, Disserth and Cilmery to assess the contribution from the

ungauged area. (See tow & of Table 1).

UChow = BWaow - (DFqou-12+ DSpaw-9+ CMnow-6) -(17)

Here EW.,., denotes the current Erwood naturalized flow, UGy 1s the
estimate of the ungauged contribution, DFyn5;-12 1s the Ddol Farm flow 12
hours earlier, etc. {(Twelve hours is the estimated Ddol Farm to Erwood

travel time, taken from Table 4(a).)
Second, a forecast of Erwood naturalized flow is calculated from:

15/24 3/24 6/24
EWnow+15 = UGpow « RFyG + DFpow . RFDF + DSpnow - RFpS

+ CMpow - RFC‘-{9/24 -(18)

Here the RF's are dally recession factors taken from the master recession
analysis*. The basis of the forecast 1s the budget:

EWnow+1s = UGpow+15 + DFqows3 * DSpouts + (Mugus9 -(19)

The 15-hour ahead forecast for Erwood is subsequently used to
calculate a 42-hour ahead forecast for Relmont which {in turn contributes to

a 72-hour ahead forecast for Redbrock.

* The identity RF = e’ = 2-1/h90 allows calculation of the daily

recession factor from the recession half-li1fe. (See Section 3.3,) For
the ungauged areas, h90 is estimated from BFI {Equation 6) which in
turn is estimated from the geologyu of the area. (See also Table 2.)
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8.2 Treatment of low flow recoveries

The above method is appropriate when flows are In dry weather
recession. However, 1f a flow recovery has occurred at {say) Cllmery, the
baseflow component of the recovery is established by the hydrograph
separation outlined in Fig.5, for which a 3-hour data interval is
suggested. It is then the baseflow component that is used in the two-step

procedure described in Section 8.1.

The forecasts produced by this technique should in general be rather
conservative: short-term runoff is disregarded (one pessimism) and the
flow is assumed to decay at the master dry weather recession rate (another
pessimism). It is suggested that this cauticusness is entirely appropriate
to the operational requirement to limit over-releasing without risking

shortfalls in the residual flow at Redbrook.

8.3 Trials

Preliminary trials with the technique were made for "snapshots” during
four low flow recovery eveats In summer 198l. An example {s given in
Appendix 2. Tt is considered that the method shows promise and merits
further trials, elther in a follow-up study or through. cautious

implementation. It 1is undoubtedly a method capable of further refinement.

9 IMPLEMENTATION

4 listing of the FORTRAN program used to test the method is given in
Appendix |, The program is interactive and requests entry of a minimum of
river level data. The method is not 1lnvalidated by missing data but it is

reconmended that stations are not gratultously omitted.

Although the forecasting method i{s relatively simple, the overall
program is quite lengthy. Some translation and modification would be
necessary before the program could be run on the authority’'s PET

microcomputer.
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Fig 5. Bagseflow separation technique - example for short-lived flow

tecovery at Clilmery.
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10. SUMMARY AND RECOMMENDATIONS

(i) The study has assessed the low flow behaviour of the Wye through

various standard and semi-standard analyses.

(ii) Regression models based on daily mean flow data have heen
developed for forecasting Redbrook flows up to 2 days ahead. However,
implementation of the approach has practical difficulties and is not

recommended.

(111) An alternative forecasting method based on recession
extrapolation has been developed. A feature of the method is the treatment
of low flow recoveries by a novel baseflow separation technique, to ensure

that forecasts are not unduly optimistic.

(iv) It is recommended that the forecastiang method - for which
a FORTRAN program is appended - be given further trials, either in a

follow-up study or through cautious implementation.

{v) 1If the recession approach proves workable in practice - which

appears likely - the following refinements are suggested:

. a more objective master recession analysis, allowing noanlinear
recessions
. a more detailed study of “"low flow rise” travel times, using

J-hourly data
. further study of the baseflow separation technique introduced

in Fig. 5.

{vi) Should the recession approach prove to be too cautious, a time

series study using 3-hourly flow data would be a further avenue to

explore. .

{vii) The configuration of the Wye basin is such that the Trothy and
Monnow are likely to be a frequent source of initial low flow recoveries at
Redbrook, Because of the very short travel times from Mitchel Troy and
Grosmont, rainfall-based forecasts of runoff from these catchments are

desirable.
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(viii) 1In view of the significance of the Monnow, {t is desirable
that the low flow behaviour at Tafolog and Grosmont be reconciled by a

detailed scrutiny of river level data and rating curves.

(ix) Finally, it is suggested that the forecasting method presented
in Section 8 can be used to forecast release requirements throughout a

regulation period.
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APPENDIX 1: PROGRAM LISTING

Listing of interactive program (FORTRAN) for forecasting

Redbrook naturalised flow 72 hours ahead.

Juc ok PruGrAN TU TLST IaPLEAeSTATION ui «ECESSIUN-BASEL FURECASTS

20 COLIFON fONE /RECFAL, KFUU,, LAL, Shaltile
U QUEON /TWO /ybAST, Qo QFUT, IrLY

40 QUi /THREE /CCREL , ABSUUM

Su DIMENSLON CCREL(4B),A8S5WM(44)

60 DIMENSIUN (PAST(LE),WUw(l6),(FLT(le),IREF(1b)

0 DIMEASION KECFAC(16),RFUG(IbL),LAG(Ib)

80 CHARACTER SNAME*B(L6)

yuc

100 CALL MENTER(UCKEL, ABSQDN)

110¢

120 IREF(lu)=U

130C

140C  *%xx  NOTE WHICH STATIONS aVALLASLE xk

150 WRITE(O,961)

160 96 FURMAT( UwhICH STATIUHS avaltaolE ?2°/

170 &° ENTER U FOR "au'/’ 1 Fuk "ws')

160 DU 20 1s=1,15

190 15 COWT1xUe

200 wiITE(6, 901)5 RArE(LS5)

210 Y2 FURNAT( “,As,” ?77)

220 READ(S5,951 }LIREF(IS)

230 Y51 FURHAT()

240 WRITLE{G,900) [kEF(LS)

250 960 FORMAT{(ILb)

260 IF (IREF{L5).LT.0.0RIREF(IS)uT. ) GUTU 15

270 20 COWTINUE ;

280C

290C  *#*  ENTER RELEVANLT «IVesd LEVEL DATA  *w%*

300 vu 30 Is=1,15

3106 30 IF{IREF(LS)eEwel) CALL eB1ER(IS)

320C¢

330C A% EARCUYE SUUELS TU bULLL Up FUKECAST OF KELLBAUUR FLUW ~ *#**
340 WRITE(6,9063)

350 Y61 FOKMAT( L STATLun UGHOW Qi GFUT Gul’,
300 o ul VY J Qe LEAL TISE'//)
370 CALL MOuEL(s,),2,3,0)

35U CALL {WOEL(L, =4, 5, 0,U)

390 CALL MOWLL{d,7,0,0,1)

40 CALL MOUEL(1V,=-b,%,0,0)

41U CALL WUbEL(1Z,11,0,0,0)

42U CALL MUDEL(L4,13,0,U,u)

430 CALL MOUDEL(LES,=b,-1y,-12,-14)

440 W ITE(L, Y64 )UNOL(15), @ UT(]13)

430 L4 FUKHAT( UKLDBRUUK dATURALLZED FLUW = ClenbtNT,Fo. 3/
4oy a’ - 72=hUUK atlhav FUKECAST ,Fo. J//)
470¢C

48U STOP

w by B

khk
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2UUL
51U SLBRUUT LLE NENTER
S520C  x%xAx  pNTEW RELEASE ALD AsSTRALTIUN DaTa rUL FLOW NATUNALIZATIUe  ®*#
530 CULON /TrRel /CUREL, AL sUUN
540 JLIMELSLON CCREL(SE),ASCOUN(4G)
550¢C
560 WKITE(b,%70)

570 97v FOKbMT('lENTEK.CAnAN COCH RELEASE ANU LYDBRUON/HULHOUTH COMBINEDL A
580G &BSTRACTLOR)

590 KEAD(S,Y51)CC, b

bOUU 951 FOURMAT()

6J0 wa ITE(D, 960 )CL, A

62U 96U FURMAT(Z2Fb.3)

630 DU 200 I=1,48

L4u CCKEL(I)=CL

nb0 ABSWL(L)=AB

b6l 200 CONTINLUE

670 KETUKN

bb0 Ehu

bYyuC

7uy SUBRULT INE ERTER(ILS)

73100 * Rk DATA LNTHY SUbKuUT (AR LR 2]

720 CURMON JOLE /RECFAC, REUG, LAG, SKAME

730 CUrliun /TWO JUPA ST Givuw , WFUT, InEF

740 CONMUN /TTHRER /CCREL , A5 Ul

750 DIMENSIuN CCREL(43),ABSGUN{4b)

700 DIMENSLUR QPAST(lo),sOW(10), (e 0T(10),IkEb(1v)
770 DIMELSLON RECFAC(16),KFUG(L0),LaG()b)

7160 CHARACTER SNAME*5(16)

790 DLAENS LUL H(48),4(45)

800¢

810 LI=LAG(L5)+]

y20C

830C A% PROMPT ENTRY UF KIVER LEVEL DATA kR
b4l WRITE(G,97) ISNALE(LS)

830 971 FOKrAT("UbaTA FUR “,Ab,” - ARY fECUVERY 77/
860 &  ENTER U Fur "N /7 1 Fuw 'YES"')

570 KEAU(5,932) )ik

850 951 FURMAT()

349U WRITE(D,90U) 1

YO0U  YoU FURMAT(LO)

Yl IF (lR.L@.U) wUTU £31)

Y20C

Y3uC AR PROIPT EbTRY UF SEyuEaCE UF KlVeni LEVLEL uaTa * kR
Y40 WRITL(O,973)

950 Y73 rURMAT(® LANTeRr 3-HUUKLY KIVER LEVELS (M), STAKTING WITH CLRKedT
Y04 GVALUE AND /7 WURKLAG bACK Tu POLNT wWibERE RECESSIUN dNUKEN.',
470 &" TEAMLIGATE WITH 0.°)
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Yo0U l\=[)
Yyu 225 CUNT Lok
Juvw nbAb(3,v3) JLeVel
luly WRITE(L,you ) LEVEL
12y IF (LEVEL.EG.U) oTU 227
103 D
Tuaw a{w)=U Ul XLEVEL
luso LT 225
Jubl 227 CcUAMTLIUE
Vo w230 1=l 44
Tuol) CALL saTlisG(n,y, L, 13)
1090 IV (IS Lyed) GLL)=y(l)-CCREL(LTS)
by It (I5.EQ.6) W(l)=(i)-CLREL(L+14)
1110 LF (IS.EQ. 1) {l)=Q{Ll)=CCREL(1+26)+ip5Ui{1+2)
1120 230 cuatlile
1130C
1laQC  *kx SLPAKRATL sASEFLUN UWDER FLUW KECQUVLEKY * k%
1150 CALL BFSEP{y,i,IS5)
11bu IF (Lo.LT.LL) GuTu 233
1170 GOTU 235
1180¢C
1190 231 CubTINUE
1200¢ *Rk Lo RECUVERY KN
1210 WRAITL{b,975)
1220 975 FURNAT(® bNTer ClnsiNT RIVER LOVEL (i) ”)
1230 wEaD(5,951 JLEVEL
1240 wRITE(H,4%6U)LLVEL
125U 1i{1)=0.00) *LEVEL
1200 CALL daATING(it,Q,),1I8)
1270 I (I5.EQ.6) (1)=uy(])=CUREL{O)
12bu IF (I1S.Eqen) () )=g(l)-CCREL(L )
1290 IF (I5.by.)5) Q)1 )=u(l)=-ClrEL(Z5)+als N S)
1300 d=}
1310 233 COxTINLE
1320 [F (15.LG.15) GUTu 235
1330 WrkITe(b,¥70)LlAc(Lls)*3.U
1340 Y76 FURNAT(’ ESTER RIVER LEVEL (&) ,bv.2,” LUURS ALL")
1350 RLAL(3,495) J)LEVEL
1360 WRITE(G,900)LEVEL
1370 W(LI)=0.,001*LcVEL
IRE1V] CALL RaTING(H,y,LL,IS)
1390 IF (I5.EQe4) G(LI1)=y(LI)=CCREL(LI+S)
1400 IF (15.Ly.6) WLL)y=y(LI)~CCREL(LI+]15)
1410 LE (1S.Eweld) Q(LL)=Q(LI)=CCREL(LI+24)+AbSWON(LI+2)
1420 235 CUOATIRUL
1430¢ _
laaie  *xx KEGISTER dlLLiVALT FLONS  *x*
1450 WPASTLS)=Q(LL)
14U Wl ([ 15)=y(l)
1470 KLTUKN
l4su Lisl
l14yug .
1500 SUBROUTINE KaTInG(r, @, L, 1)
1510 DIMENSLON w{40),y(s0)
1520 JLLELSTUN AL15),B(15),C(13),urAA()15),AA()5), su(ld),CC(13)
1530 VATA A/7.2839,43,2685,32.56812,7.702452,0.0,25.905Y,lo.21090,
1530 alb.SUU91,15.77]lu,ll.?Ulub,U.U,U.U,13.559ol,JZ.UUUUb,ZZ.b?BJ/
1550 DATA L) G453,2.7910,2.69529, 119497 000 1.00U4L, 24452033,
1560 630D 171840 1, 20al4 Ut U U, 2, 28407, 2, 29030, 200907/
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1570 Jala C/-0,1,0.u,0,U,u.2,0.0,G.2 0.0,
1580 GUL2T,0a03,=U.04,0,0,0.0,=0,04,=U. 1, L. 4450/
1 590G JATA Hian /U407 ,0,003, 00095, 0.003,0.0,7.000,0, 770,
160U a0.562,2.000,1.539,U.0,0,U,0,.37),0.82),0.456/
lulu DATA AAS27.0070,23.0000,30.057,11,.072547,0.u0,0,0, 17,0834,
1420 al4.5992,0.0,4,.323)00,0.0,0.U,0) .06630,27,6455,20.07871/
fulio uala Bb/3.32%0, a04ce, loelblo, B, )L 00, 000, 2, 7940907,
(N ae Wl o 321500, 243530,0.0,0.00,401 788,01 .53573, 1 .b4assyy
Todu DaTA LLfu 0,0 U, =u U Ua o, U, Ga uau,
oou sULU,0.0,0.2134,0.0,0.0,0.0,=0. 1456 ,0,443t/
JL70¢
1Lou wli=0.0
109y LF 1)+ C(Is) LELGad) LUTO UG
1700 QEL)=ACLS)* (ML )+C(IS) )** (1)
1710 IV (H(L)JLE.diAA(LS) ) LUTU 30U
1720 ) =AACLS ) (L (D)+CL(Is) ) **xpu(lys)
1730 300 CuLTIsle
1740 RLTUK N
1750 Eivw
170UC
1770 SUBRUUT Lk ok SEF((,d,15)
1780C Awk BaSEFLUW SEPARAYVIUN SUBrUUT LiIE kel
17490 COMMON UGHE FRECFAC, REUG, LAG, SHAME
1500 DIMENSLON RECFAC(10) ,KeUG(Llo), Lau(ly)
jalg CHARACTER SiAalL*8(1b)
1520 UINENSIUL {b6)
1630 DIMENSION BELI(15)
1540 DATA BFL/0.35,0.39,0.42,0.43,0.00,0.46,U.0Y,
la50 &0.08,0.62,0.64,0.56,U.55,0.54,0.54,0.57/
18060 DATA W/0.5/
1870¢C
1650 W 400 1Ia2,4
18590 I=h~11+]
14900 BE=( QL+ )XRECFAC(LS ) JA% (1, OU=~WXBFL(L1S) )%y 1)**(WApF1(18S))
1910 IF (BF.LT. (1)) Q(L)=bF
1920 400 CULTILUL
Jv30 fRETURN
1940 LNU
L4350C
1960 SUSKULT INE #wcL(I5,11,12,13,14)
1970C¢  ®%k  FOKECAST FLUW AT STATION “I5” FRU uWPSTaCAM UATA  **%
1980 COHMON JURNE /RECFA C,RFUG, LAG, SNALE
1990 CUMION /EWU JQPAST , @b, JUT, LREY
2000 DIMENSIONL QPAST{16),9hun(106), W UT(lu), IKeEF(ly)
20lu DIMESNSIUN RECFAC(LD),KFUCLL6),LAG (L)
2020 hARKACTER SNAME*B(lb)
2030 pLILENS LU TR {lb),uFC{le)
2040 DItensloi L(a),d(4), ¢(4)
2050 LATA HT/69.0,00.0,03,0,57,0,51.0,30.0,72.4,
2060 «51.0,72.0,27.,0,48.0,27.0,15.0,9.0,U.0,0.0/
207u¢
20bU 1(1)=11
2090 1(2)=12
2100 1(3)=13
2110 1(4)=14
2120C
2130 bu 450 [l=l,1u
2140 6480 LFC(LL)=(72L.0-HTR(LL))/26.0
2130¢

2160C  ***  CALCGLATE WILTRIBUTIUL FOM UdGAGGLU AREA AT TIHE UW
2170 LGEOW=QHEUW( L 5)

At



Z1bU
2190
2200
2214
22200
Z23UC
22400
2250
220V
227u
2200
229U
2300
2310
23200
2330¢
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430C
2440
2450
24000
2470
24800
2490C
2500¢
2510C

2520

2530
2540
2550
2360
2570
2580
25490
2600
2610
2620
2030
20400
2050
2000
2070
2080
2bYU
270U
2710
2720
2730
2740
2750
2760
2770
270U
2790

K]

W 490 R=1,4

CALL FLlobLY(L,s,K)

ULHUWEUGRUW =1 EF (L (R ) ) *QPAST (L (1))
4yU CONTINLE

LR FURECAST rLUM oT LEAL TIAE WuMNPATLsLL %%

ARk WITiEt 72=hULR FURECAST FUR fELBRUGH. *nk
WU=UGHOWEKFUL( LS ) *2uF (L s)
GUT(LS)=quu
W 4Y5s (=1,4
ORISR PRIKEE L1 () )% CLLe ) )RRECEAULE () ) * %0 CLLIR ) )+( 1= (n) )*

GUFLTCI(R))
QEUT(LS )=bUT (LS )HG(R)
495 COKTIGLLE

*kk  TABULATE FURECAST AU LTS [wnk-Uip  ***
WKITE(O,98) )15, SHAIE(LS), COhiu, QoW ( 18), QFUT(L5) , @b, {wlr) k=1 ,4),
264, U*LEC(LS)
Y81 FURHAT(LG,2h,A0,2X,2F8.3,28,F0 3,2, 5F0 3, da, 0]
UREC=Qiiuw (IS ) *RECFAC( LS ) **DFC(IS)
IF (QREC.LL.GFUT(IS)) GUTU 496
QFUT(IS)myREC
WRITE(6,982)QruT(15)
Y52 FURMAT(® LIMITED 8Y MASTEx KECESSIOK TU”,Fi1.3)
496 QUNTILUE

RETUKN
END

SUBROUTIRE FIWOLY(IL,J, N}

Kk % A FLUDLY oIT OF ik ! *x
Kok k IF [0 SET J=U Tu USE “WFuT” KATHLH - %=
*h¥k TAN KECESSED “wiuW” 1 #UDEL. b

xhx I=0 IS5 WDE TU LNVOKE DEFAULT TU gaCLbuL STATIUR  *==

BIHENSTON 1(4),d(4)
J(K)=1
I (I(&).,CT.0) COTO &9y
I (I(K).Ey.V)} GOTU 497
I(K)==I(K)
J(K)=U
RETUKN

497 CUNTINUE
I(K)=lb

499 CULTIHUE
KRETUR
ENL

BLUCA UATA

QUAMUN JUSE JRELCEAL, REUG, LAG, SEa il

DIGiENSION rRECEAC(IL)  REUG(Iu),LAL(IO)

GIARACTER SaaHE*S()u)

UATA RECFAC/U0.93Y,0.950,0,94b,U.950,0.978,0.429,0,9b),
80,981 ,0.931,0.982,0.972,0,973,0.972,0.97%,0.900,0.0/

DATA KFLG/U.U,0.0,0.0,0.947,0.0,0.972,0.0,
&U.Y63,0.0,0.963,0,0,0.972,0.0,0.972,0.472,0.0/

DATA LaG/4,3,2,9,7,10,7,
a8,15,9,7,9,2,3,0,0/

DATA SNAML/ DOUL FaR’, DISSLRTH’, CILMLRY 7,
&°ERWUODL 7,7 TdkEE U7, "BELIOKT 7, “sYrolh 7,
a’BUTTS Br’, TITLLY M7, LUuWAKuL®, “slSturs °,

& TARNILLLY, "TAFGLOG ), GrUSHUNT, “REbonUUR ", "uEFabLl "/

EdL
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APPENDIX 2: SAMPLE RUN

Sample run of program for "now” of 12.00 on 20 Aug 1981

ENTER CAsAd QUCH KRELLASE AND LYDBKROUK/PUONHOUTYH QUHBLMCD ABSTRACTLON
1.771 U. 331

WHLICH STATIUNS AVALLABLLE ?
ENTERK O FOR "NU”
1 FOR "YES"
DLUL FAR 7
1
DISSERTH ?
}
CILMERY ?
1
ERWOOD ?
1
Turkbe C0 ?
3]
bELHUNT 7
1
BYTON ?
1
BUTTS B8R ?
A
TITLEY M ?
1
LUGWARDL ?
1
BL15HUPS ?
]
YARRKHILL ?
0
TAFOLOG 7
i
GROSMONT ?
|
HEDBRUUR ?
1

DATA FUR DULOL FAR = ANY KEQUVERY 7
ENTER G FUR "dU"
1 FUR "YES"
1
ENTER JI~LOUKRLY KIVER LEVELS (il4), STAKRTLNG WITii CUKRENT VALUE AND
WURKING BACK TO PUINT WHERE RECE3SIUL SHOREN. TERHMLNATE WlTu U,
650
750
330
270
230
264L
J




i ‘
-I.....0................O........;
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unla fun DISsLeTn = ani sebluvenY 7
cTER O For "o ™
I Fur "ves®"
U
enTCR CUKKENT RIVER LoVEL (HH)
150
EisTE® RIVER LEVEL (MM)  Y.ulU HUURS ALU
150 ’

LATA FUR CILBERY = ANY sreluVerY ?
LaTks & POk "wu"
J Fouw "Ybs"
1
LhTor J=IOURLY nlVLK LLVLLS (CU1), STARTLLG wWilTa CUrKENT VaLUR AWL
WORRING dACK 10 PUOLRNT wHEKL abCESSLUL nRUsEN. TeRSIEATE #1170 V.
250
220
200
0

LUATA roll ERWOOD = ALY KReCUVERY 7
STRER U FUK "su'
1 For "Ybs"
i
ENTER 3-HOURLY RIVER LEVELS (riM), STAKTING WITii CUKRENT VALUE AND
WORKING BACK TO POINT WHERE nECESSIUN BROKEN. TERNMIGATE WITH 0.
450
450
450
LA
4ul)
U
ExTEr RIVE: LEVEL (L) 27.00 hulas abu
390

UVATA FUR pELMONT = ANY gELUVerY 7
ENTLR O FOx "™40"
} FOR "™YES"
0
ENTER CURKLESRT RIVEK LEVEL (iui)
190 :
ENTER RIVER LEVEL (M) 3U.0U nUUKS atu
21u

DATA FUK BYTON - ARY KECUVERY 7
EMTER U FUr "nNO"
I ror "yYes"
0
LHETEK CUKKENT wIVER LEVeL (do)
320
ehTeEl RIVER LEVEL (i) 21.0U0 nudks abv
320

UATA Fur SUTTS 8K - abY gEtuvesY ? .
tuTER O FuR 'R0
1 rFux "YES"
u
ENTER CURKENT XIVEK LEVEL (M)
25V
EATEKR KIVER LEVEL (M) 24.00 (dUUK> AL
25U

b‘\'f:\ FU LIILLY - n.‘\l' l.\I.-LUVl',l\ 1l !
LLTLR U fFu "u”
boFuie "yLs"™
v




Lodbn Connicas alviow coviein (n)
SuU

LiTew nlVeEs LLveoe (ind) 45,00 Liund sl
80

LATA run LUGLAKRUL = ANY aotlVigY 7
LTk G For "™
1 ruk "ES"
u
LT Chmann1 wlVee whVEL (L)
Jol
EnTER wlves LEVEL (1) £7.0J LULKS AGU
3eU

LATA Fuk TAFULUG = ANY kiCUVEWKY ?
ENTER U FOK o'
] FOR YRS
0

LATER CURKENT wIVEK LEVEL {t1M)

13u
LRTER &IVLK LEVEL (lu1)  6.U0 HUUKS AGL

130

VATA FUR GRUSHO®RT = AdY nECUOVERY ?
ENTER O FOR 'Lo"
1 Fuk "YES"
U

ENTER CURRENT RIVEK LEVLL (M)

300
EnTod KRIVER LEVEL (He)  9.00 HUUKS Aol

300

DATA FUK KLUBKRUUL = ALY RECUVERY ?
EnTER U Fux "SO"
1 Fug “Ygs"
¢
EnTER CURRLNT «lVoR LEVEL (ol1)
340

STATION LUGHNUW AUk JEUT
4  LRwOuD l.loYy 2440 3.083
b BUELUUNT 2.U25 4,397 5. 014U
b bobUTTS Bid 0,537 l.468 l.440
10 LUGWALULL O.083 Iy l.ulb
12 Yasait[LL U. U. U
14 GRUSMONT U.bYb U. 792 U730
LIMITLEYU BY MaSTLR KECESSION LU Ue 76Y
15 KeUsrUUK 2.675 ltu.270 10.UY2

KEUBRUON HATURKALLIZED FLUW = CUKRELT
= 72-10UK ANEAD FUKRECAST 1U.092

Note -

lu.276
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WG
1.14y
1,927
U, 524
0060
U.obo

2.457

ul

Lou%7
J.U0bJ
0.912
louby
U.

Ue Uy

5.0y

\{Z

Ved e
ihe
U.
e do0
e

.

l.ol0

W3

Jouds
U
U
Je
U.

Ve

Redbrock natumlized QM at |1.00 on ‘2_3Au3%l was 16 1% Cumexs but
the {q’emk Q.oq oﬁ 10 O (umecs Las not exceaded until aloout 2100 on ZIAuj%\.
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