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FOREWORD

In April 1982, care of the United Kingdom national archive of surface
water data passed from the Department of the Environment’s Water
Data Unit (which was disbanded) to the Institute of Hydrology (IH).
In a similar move, the Institute of Geological Sciences, subsequently
renamed the British Geological Survey (BGS), took over the national
groundwater archive. Both IH and BGS are component bodies of the
Natural Environment Research Council (NERC). The BGS hydro-
geologists are located with IH at Wallingford and close co-operation
between the two groups has led, among other things, to the launching
- in 1985 - of a new series of yearbooks and reports dealing with
nationally archived surface and groundwater data and the use made of
them. The work is overseen by a steering committee with representa-
tives of Government departments and the water industry from
England, Wales, Scotland and Northern Ireland.

The published series - Hydrological data UK - includes an annual
yearbook and, every five years, a-catalogue of river flow gauging
stations and groundwater level recording sites together with statistical
summaries. These six volumes of the 5-year cycle are available
individually but are also designed to be inserted in a ring binder.
Further details of these arrangements are given on page 195.

The series - but not the binder ~ also includes occasional reports
dealing with significant hydrological events and analyses.

Professor W.B. Wilkinson
Director, Institute of Hydrology
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INTRODUCTION

This volume is the sixth Yearbook published in the
Hydrological data UK series and the initial volume
in the second five-year cycle (1986-90).

The 1986 Yearbook represents the twenty-seventh
edition in the series of surface water publications
which began with the 1935-36 Surface Water
Yearbook. As a result of the incorporation of
groundwater data in the Yearbook, this volume is
also the eleventh edition in the series of groundwater
data publications which began with the 1964-66
Groundwater Yearbook.

Apart from summary information, surface water
and groundwater data on a national basis were
published separately prior to the introduction of the
Hydrological data UK series. In common with the
earlier editions, the 1986 Yearbook brings together
the principal data sets relating to river flow, ground-
water levels and rainfall throughout the United
Kingdom. Also included - for the first time in
Yearbooks — are water quality data for a selection of
monitoring sites.

A description is given of the surface water and
groundwater archives together with the data retrieval
facilities which complement this volume.

The last decade has witnessed major changes in
river flow measurement and data acquisition prac-
tices and procedures. These changes are reviewed in
a special article which examines the historical
background and considers the impact of new techno-

"logy with particular reference to the maintenance of
hydrometric standards in the UK.

Publication of river flow data for Great Britain
started with the series of Surface Water Yearbooks.
The first edition, which was published in 1938 for the
water year (October-September) 1935-36, also in-
cluded selected data for the previous fifteen years; the
edition for 1936-37 followed in 1939. Both these
publications were prepared under the direction of the
Inland Water Survey Committee. Assisted by the
Scottish Office, the Committee continued to publish
hydrological data after the Second World War; the
Yearbook for the period 1937-45 being published asa
single volume in 1952. Due to economic stringency,
the Survey was suspended in 1952 for a period of two
years but was then reformed as the Surface Water
Survey Centre of Great Britain. A Yearbook covering
the years 1945-53 was published in 1955.

In 1964 the Survey was transferred to the Water
Resources Board where it remained until 1974 when
the work of collecting and publishing surface water
information in England and Wales was again trans-
ferred, this time to the Water Data Unit of the
Department of the Environment. Yearbooks were
published jointly each year by these organisations
and the Scottish Office for the water years 1953-54

to 1965-66, but thereafter information for the five
calendar years 1966 to 1970 was published in one
volume in 1974. Following editions were renamed
‘Surface Water : United Kingdom' to mark the
inclusion of the first records from Northern Ireland
and in recognition of the move away from single year
volumes. Two volumes of Surface Water : United
Kingdom, covering the years 1971-73 and 1974-76
were published jointly by the Water Data Unit, the
Scottish Development Department and the Depart-
ment of the Environment for Northern Ireland.

Following the transfer of the Surface Water
Archive to the Natural Environment Research
Council in 1982, the final edition of Surface Water :
United Kingdom, for the years 1977-80, was pre-
pared by the Institute of Hydrology at the request of
the Water Directorate of the Department of the
Environment, and published in 1983,

The 1981 and 1982 Yearbooks were prepared
concurrently and were, in 1985, the first Yearbooks
published by the Natural Environment Research
Council. Further Yearbooks - the editions for 1983
and 1984 - were published in 1986 with the 1985
volume following in 1987,

A compilation of ‘Groundwater levels in England-
during 1963’ which was produced by the Geological
Survey of Great Britain prior to its incorporation
into the Institute of Geological Sciences, was the
precursor to the publication of groundwater level
data on a naticnal basis. The more formal Ground-
water Yearbook series was instigated by the Water
Resources Board which published the inaugural
edition, and a further volume for 1967, both covering
England and Wales. In 1975 a third Yearbook, for
1968-70, was published by the Water Data Unit:
The Groundwater : United Kingdom series was
introduced in 1978 with the production of the
1971-73 volume, also published by the Water Data
Unit.

Following the transfer of the Groundwater Ar-
chive to the Institute of Geological Sciences (now
the British Geological Survey), the second edition of
Groundwater: United Kingdom, covering the period
1974-80, was prepared by the Institute of Hydrology
at the request of the Water Directorate of the
Department of the Environment.

The 1986 Yearbook may be seen as part of the
United Kingdom’s contribution to UNESCO’s In-
ternational Hydrological Programme in continuing
the exchange of hydrological information begun in
1965 for the International Hydrological Decade.

The Natural Environment Research Council ac-
knowledge and extend their appreciation to all who
have assisted in the collection of information for this
publication.



SCOPE AND SOURCES OF INFORMATION

The format of the 1986 Yearbook follows that of
earlier editions in the Hydrological data UK series.
However, the rainfall, runoff and groundwater
review material — previously compiled in separate
sections - has been brought together into a single
hydrological review of the year. Data presentation in
the new water quality section is consistent with the
established Yearbook pattern - data are given both
for the featured year and, to provide a suitable
perspective, for the preceding period of record.

Emphasis is placed upon ready access to basic
data both within the yearbook and through the
complementary data retrieval facilities.

A companion publication to the individual
Yearbooks - the ‘Hydrometric Register and Statis-
tics’ volume provides a comprehensive reference
source for hydrometric information which does not
change materially from year to year; the first
edition - for 1981-5 -~ has recently been published,
see page 195. 7

The Yearbook contents have been abstracted
primarily from the Surface Water and Groundwater
Archives. Water quality data have been provided
from the Harmonised Monitoring Archive (see page
185) which is maintained by Her Majesty’s Inspecto-
rate of Pollution (Department of the Environment).

Responsibility for the collection and initial
processing of the data featured in this volume
currently rests mainly with the ten Water Authorities
in England and Wales, the seven River Purification

Boards in Scotland and the Department of the
Environment for Northern Ireland. These organisa-
tions also supplied valuable material relating to
significant hydrological events. The majority of the
rainfall data, and some of the material incorporated
in the hydrological review, has been provided by the
Meteorological Office. For historical comparisons of
the rainfall over England and Wales, a data set based
upon the homogeneous series derived by the Clima-
tic Research Unit of the University of East Anglia
has been used.

Additional material has been provided by the
Geological Survey of Northern Ireland, the Borders
Regional Council and by research bodies and public
undertakings.

Most of the rainfall data published in the
Hydrological data UK series are in the form of
menthly rainfall totals for catchment areas (see page
41). For details of monthly and annual rainfalls
associated with individual raingauge sites reference
should be made to the ‘RAINFALL’ series published
regularly by the Meteorological Office. Brief details
of the contents and availability of this publication,
together with a short description of other rainfall and
climatological data sets published by the Meteorola-
gical Office, are given below.

Some slight variations from the contributors’
figures may occur; these may be due to different
methods of computation or the need for uniformity
in presentation.

Rainfall and Climatical Data

The Meteorological Office maintains the national
archives of rainfall and climatological data at its
headquarters at Bracknell. Specific items, such as
daily and hourly rainfalls from gauges and radar
(from the PARAGON system) may be obtained by
application to the Advisory Services Branch Met. 0.
3b. Summaries of the data are also published
regularly and a list of current titles is given below:

1. Monthly and Annual Totals of RAINFALL 19
Jor the United Kingdom.
This contains the values for some 5000 rain-
gauges and is available one year after the title
year at a cost of £6.00.

2. Snow Survey of Great Britain 19__/__
This contains the daily and monthly reports of
snow conditions from selected stations covering
the winter and costs £3.00.

3. Monthly Weather Report
This is published monthly and contains climato-
logical means for more than 550 UK observing

. stations, in addition an introduction and annual
summary are produced yearly. The publication
should be available 6 to 9 months after the
month concerned, costs around £2 and is only
available from Her Majesty’s Stationery Office
(HMSO) or their stockists.

4. MO.REC.S.

This is a weekly issue of maps and tables of
evaporation, soil moisture deficit, effective rain-
fall and the weather variables used to calculate
them. The data are used to provide values for 40
km squares and various sets of maps and tables
are available according to customer require-
ments.

Further information about these and other publica-
tions may be obtained from:

Meteorological Office

Advisory Services

London Road

Bracknell

Berks RG12 28Z



HYDROLOGICAL REVIEW

Summary

1986 was a notably wet year throughout most of the
United Kingdom and runoff, overall, was substan-
tially greater than average. The recent tendency
towards higher annual rainfall and runoff totals -
often coupled with greater flow variability than is
typical of the historical record - continued in 1986.

Both the amount and the temporal distribution of
rainfall was beneficial from a water resources
viewpoint. Although February was very dry, the
spring was wet and some exceptionally high rainfall
totals were recorded over the October-December
period. For much of the summer, rainfall remained a
little below average in most regions but unsettled
conditions became established in the latter half of
August culminating in the remarkably widespread
and sustained rainfall associated with an intense
depression which tracked across Great Britain in late
August (see page 23). Significant localised flooding
was associated with this storm but, generally, 1986
was a quiet year for hydrological events with
relatively few storms or floods of a notable magni-
tude. Hydrographs displayed considerable volatility
- a feature of runoff patterns in recent years - witha
notable range of flows recorded in some regions.
Although a number of rivers recorded annual
minimum flows in July, the normal seasonality in
river flow patterns was less evident in 1986 even in
those regions where a distinct winter maximum may
be expected as a result of a high baseflow contribu-
tion to river flow. Groundwater levels remained
around, or above, the average throughout the year in
most aquifers; reflecting the normal - if rather
discontinuous - replenishment over the winter of
1985/6 and the abundant infiltration which has
typified recent winters. The persistence of soil
moisture deficits through the dry early autumn
served to inhibit infiltration and delay the seasonal
upturn in groundwater levels.

Rainfall

Precipitation over the United Kingdom during 1986
totalled 1211 mm; 10 per cent above the 1941-70
average. Although 1986 ranks as the sixth wettest
year this century, an identical rainfall total was
registered for 1982 and totals approaching 1200 mm
were recorded in 1979, 1980 and 1981. Thus five of
the fifteen highest annual rainfall totals since 1900
have occurred over the period 1979-86; the last
rainfall total to fall significantly below the twentieth
century average was that for the drought year of
1976. There is no modern parallel with the recent

sequence of wet years. The contrast with average
rainfall conditions is most marked in Scotland where
each yearly rainfall total since 1977 has fallen within
the upper quartile of a rainfall series extending back
to 1869.

The apparently persuasive evidence for an in-
crease in annual precipitation, for the UK as a whole,
needs to be considered in the perspective provided
both by the reiatively modest exceedances of the
average - 121 mm is the maximurmn in recent years —
and the unstable nature of the average itself;
variations of *-10 per cent over ten-year periods
are, for instance, typical of the general rainfall record
for England and Wales which commences in 1766.
Nonetheless, the ten-year period up to, and includ-
ing, 1986 remains the wettest this century and forms
a notable contrast with the predominantly dry 1970s
- the decade commencing in 1969 is the driest on
record for the UK. The apparent tendency towards
greater precipitation has been associated with a
discernible increase in seasonality. Compared to the
1900-71 average, for instance, summer rainfall over
the subsequent 15 years has been about 13 per cent
lower whereas spring, autumn and winter rainfail has
been somewhat higher.

The rainfall pattern throughout the United
Kingdom, relative to the 1941-70 average, is illus-
trated in Figure 1. Eastern Scotland is the only
region showing a significant shortfall compared to
the average annual rainfall. The normally steep
rainfall gradient from west to east was exaggerated in
Scotland during 1986 when maximum - in percen-
tage terms - annual rainfall totals were recorded for
the mountains of Wester Ross and around Ben More;
an interesting reversal of the pattern experienced in
1985. A considerable measure of uniformity charac-
terised the percentage rainfall totals recorded for
England and Wales; most areas received between 100
and 110 per cent of the 1941-70 average. Some slight
tendency for the spatial distribution to favour the
important reservoir gathering grounds in Wales, the
Pennines and South West England may be detected,
In the Lake District, rainfall was above average but
significant local variability, which has typified the
rainfall distribution in recent years, was also recog-
nisable.

Figure 2 illustrates actual rainfall totals for 1986;
the regional variations conform to the normal pattern
but the overall range was substantially greater than
in a typical year. Although annual rainfalls below
500 mm were confined to a very restricted area, a
minimum annual total of only 450 mm was, none-
theless, recorded near Shoeburyness, north of the
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Figure 1. 1986 annual rainfall as a percentage of the 1941-70 average.
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TABLE 1 1986 RAINFALL IN MM AND AS A PERCENTAGE OF THE 1941-70 AVERAGE
Oct-Mar  Apr-Sep
1986 ) v m a ™ ) n > w Year  Rainfall  Rainfall
1985/86 1986
United mm 145 18 1} 84 117 50 66 119 37 17 160 187 1211 579 473
Kingdom % 139 23 158 121 155 69 75 115 36 110 142 165 110 99 93
England and .mm 120 17 80 84 85 43 54 117 26 95 124 143 988 470 409
Wales % 139 26 135 144 126 70 73 129 31 114 127 158 108 98 95
Scotland mm 192 21 169 80 176 63 a7 120 63 161 232 277 1641 801 589
% 140 20 183 88 193 68 77 93 45 108 163 177 114 103 90
Northern mm 155 5 115 106 124 46 74 141 g 102 131 160 1168 508 500
Ireland % 149 6 164 155 169 58 79 136 8 95 128 140 106 89 96
North West mm 147 7 122 88 114 62 73 115 22 164 161 233 1308 ) 474
Water % 131 8 169 1i4 139 74 70 91 17 138 133 194 107 99 80
Northumbrian mm 107 43 39 107 39 40 45 155 27 69 74 125 940 414 463
Water % 133 65 113 194 139 65 38 153 34 91 78 166 106 94 106
Severn Trent mm 108 15 63 76 75 39 43 112 12 70 99 112 824 402 357
Water % 156 28 121 146 117 69 66 138 17 107 125 159 106 104 93
Yorkshire mm 113 31 70 113 95 40 32 120 17 83 84 137 935 433 417
Water % 146 48 132 201 155 68 45 133 23 120 94 185 112 102 103
Anglian mm 61 21 53 62 65 23 51 88 25 62 63 71 645 296 314
Water % 117 50 133 155 138 47 89 137 48 119 102 134 106 98 102
Thames mm 98 16 57 67 68 21 46 102 31 76 94 80 756 355 335
Water % 158 34 124 146 121 40 77 146 50 119 129 121 107 99 97
Southern mm 127 17 7N 67 58 23 40 86 37 92 125 102 845 431 311
Water % 167 29 136 139 105 45 67 117 52 117 132 125 106 99 87
Wessex mm 131 6 66 73 91 30 51 109 35 85 131 129 937 449 389
Water % 155 16 113 135 133 55 82 132 44 103 135 143 107 96 97
South West mm 171 8 107 20 98 102 64 149 37 123 193 201 1343 611 340
Water % 132 8 127 126 116 156 76 147 35 108 144 148 112 89 106
Welsh mm 183 6 124 109 116 59 85 155 19 144 228 255 1483 734 543
Water % 134 6 142 126 127 71 89 130 15 111 159 175 111 100 91
Highland mm 242 16 . 219 78 193 57 9% 121 100 203 303 333 1964 1003 648
R.P.B. % 147 12192 68 187 51 77 81 63 109 179 169 114 104 85
North East mm 126 38 58 72 91 65 62 117 38 61 75 151 954 520 445
R.P.B. % 138 51 93 118 118 92 67 109 43 62 72 148 93 98 90
Tay mm 168 33 135 64 182 59 65 103 25 F17 187 240 1378 701 498
R.P.B. 9% 142 35 164 85 191 7l 63 87 21 95 157 17% 109 105 85
Forth mm 152 28 124 86 156 G4 73 96 41 122 167 209 1318 622 516
R.P.B. % 153 36 179 126 185 85 74 82 37 115 154 191 117 110 %4
Clyde mm 216 9 229 85 224 66 105 134 70 215 312 360 2025 910 684
R.P.B. % 134 7 218 82 230 64 80 94 39 117 186 193 121 99 91
Tweed mm 123 37 72 92 129 64 63 140 28 93 111 159 1111 486 516
R.P.B. % 132 53 124 150 169 94 70 122 30 K05 106 176 110 97 102
Solway mm 175 7 151 93 193 72 9% 129 22 163 217 284 1602 728 605
R.P.B. % 125 7T 165 105 209 9: 87 99 14 113 149 188 112 95 91
Western Isles mm 162 18 169 70 149 48 *-' 87 82 99 177 221 236 1518 790 535
Orkoey and % 119 17 184 84 219 63 183 B7 79 123 161 154 117 103 101

Shetland




HYDROLOGICAL REVIEW

Thames Estuary. By contrast precipitation totals
were an order of magnitude greater in mountainous
parts of the Lake District and Snowdonia - the Crib
Goch raingauge recorded a notable total for the year
of 5057 mm,

Table 1 provides a breakdown of monthly and
half-yearly rainfall totals in 1986 both on a coun-
trywide basis and according to the major administra-
tive divisions within the water industry (see frontis-
piece). Rainfall is normally fairly evenly distributed
throughout the year although a discernible seasonal-
ity may be recognised in western regions where less
than 40 per cent of annual rainfall usually falls in the
period April-September.

January was wet with all regions of the UK
receiving above average precipitation but, with high
pressure established early in the month, the intense
cold of February was associated with very low
rainfall totals - less than 5 mm were recorded over
large areas of Northern Ireland which experienced its
driest February this century. March, however, was
wet and any lingering fears regarding the adequacy
of water resources were allayed by an inordinately
wet spring. The March-May UK rainfall total of 312

TABLE 2 *YERY RARE’ DAILY RAINFALL TOTALS IN 1986

mm has been exceeded only twice this century
although similarly wet springs were also experienced
in 1979 and 1983; remarkably, four of the six wettest
spring periods this century have occurred since 1978.
Scotland and Northern Ireland both recorded new
maximum spring rainfall totals in records extending
back 117 and 86 years respectively. The summer
witnessed a return to generally drier conditions
especially in Scotland. A minor summer drought
would have been rather more evident in England and
Wales but for the precipitation associated with the
slow passage of an intense depression (the remnant
of Hurricane Charley} which followed a north-
easterly track across Great Britain on the 25th and
26th of August. The former was the wettest day on
record over England and Wales (see page 23) and
features prominently in the Meteorological Office’s
listing of ‘very rare’ daily rainfalls for 1986 (see
Table 2); to qualify as ‘very rare’ a daily rainfall total
requires an estimated return period in excess of 160
years.

Dry conditions were re-established in September
- Northern Ireland was particularly dry - and by
early October consideration was being given to the

Return
Date Station Grid Amount Period
{Rein-day) Number Name Reference {mm} (1in X

years)*
25.08.86 28677 Bar Gap Farm NY 960107 104.6 190
25.08.86 497993 Gowerton 8. Wks S8 594970 105.5 230
25.08.86 508614 Cosheston SN 004037 97.3 250
25.08.86 508729 Jeffreston, Millards Farm SN 076074 99.1 250
25.08.86 509793 Canaston Bridge SN 066149 101.0 200
25.08.86 532550 Anglesey: Llyn Alaw SH 376853 93.5 180
25.08.86 534257 Aber, College Farm SH 656732 134.9 600
25.08.86 540856 Dyserth, Trecastell Tr. Wks Sj 064793 79.5 180
25.08.86 544636 Vived S] 191424 98.5 170
25.08.86 547250 Loggerheads, Colomendy Centre S] 201622 105.0 370
25.08.86 547300 Cilcain Res. No. 2 §] 162645 95 E 180
25.08.86 547371 Moel-y-crio S] 194699 88.4 160
25.08.86 77255 Walshaw Dean Lodge SD 964336 121.1 320
25.08.86 78475 Wessenden Head SE 068077 120 E 190
25.08.86 85831 Stocksbridge, Wortley Res. SK 308998 100 E 250
25.08.86 102521 Ashbourne W. Wks SK 187459 95 E 260
25.08.86 953635 Killylane Res. 1] 286986 100.0 160
09.11.86 502167 Waen Sychlwch SN 804221 147.4 240
01.12.86 667581 Gt. Cumbrae: Millport Res. N§ 158558 95.0 430
01.12.86 891909 Glengyle NN 388133 203.3 2660
02,12.86 B02141 Bhlaraidh Headpoad NH 355184 162 E 1800
29.12.86 521909 Aberangell, Esgairangell SH 829105 158.0 420
29.12.86 523151 Machynlleth o SH 756045 141.8 210
29.12.86 523417 Glaspwll S SN 733978

170 E 2010

* Based on the methods and findings of the Flood Studies Refmrt Vol i_l' (as implemented on the Meteorological Office computer?)
whereby o return period can be assigned to the catch at a particular raingauge. Those exceeding a 160 year return period are classified as
‘very rare’ events (the return periods in Table 2 have been rounded tgi the nearest 10 years).

E - rainfall total estimated

a

' Flood Studies Report 1975. Natural Environment Research Council'.(.S',;rols).

? Keers, ].F. and Wescott, P. 1977 A computer-based model for design rainfail in the United Kingdom: Meteorological QOffice Scientific

Paper No, 36,



introduction of measures to conserve reservoir
stocks (e.g. by North West Water). In the event,
precipitation for the remainder of the year was well
above average for most regions of the UK - the
combined total for October, November and Decem-
ber was the fourth highest this century.

Evaporation and Soil Moisture
Deficits

Annual potential evaporation (PE) in 1986 was
somewhat above the average throughout virtually the
whole of the United Kingdom with climate stations
in Scotland registering particularly high annual PE
totals. Figure 3 shows the annual total together with
the corresponding percentages of the 1956-75 mean
(values are not given when the historical record is
either incomplete or short).

®as2 el?

%ﬂz
127

Figure 3. Potential evaporation in 1986—in mm and as a
percentage of the long term average.

Maximum soil moisture deficits (SMDs) gener-
ally occurred in July throughout much of Scotland
but significantly later further south; mid-October
maxima were common in the English lowlands.
Maximum SMDs were significantly greater than in
1985, especially in eastern Scotland and in Northern
Ireland but they were still somewhat more modest
than would be expected in a typical year and very
much less than the substantial deficits obtaining

HYDROLOGICAL DATA: 1986

during early autumn in 1983 and 1984. Figure 4
illustrates the variation in PE, AE (Actual Evapora-
tion) and SMD for three MORECS (Meteorological
Office Rainfall and Evaporation Calculation System
— see page 2) grid squares for the period 1982-1986.
Dry periods during the summer at Renfrew and
Swincombe were rather too short for transpiration
rates to be greatly inhibited by the limited avail-
ability of soil moisture, thus actual evaporation rates
remained close to the potential values throughout
1986. At Wittering, however, the soil moisture
deficit was a constraining factor throughout much of
the autumn.

The difference between catchment rainfall and
runoff is known as the ‘loss’. Because of the natural
and artificial storages available in most catchments,
annual ‘losses’ rarely equate closely to yearly totals
of actual evaporation. However, when - as in 1986 -
SMDs had been eliminated by the end of the
previous year, the loss can be taken as a reasonable
guide to the annual evapotranspiration total at least
in those catchments where baseflow is limited and
the net effect of abstractions and discharges is
negligible.

A considerable measure of stability typifies year to
year variations in catchment losses. Nonetheless,
catchment losses for 1986 were generally higher than
average throughout Great Britain (see Table 3) and
significantly greater than in the preceding few years.
The unusually high figures for 1986 occurred in a year
when temperatures, sunshine and wind conditions
were not especially conducive to elevated rates of
evaporative loss. This suggests that the extended
periods during which soil moisture was at, or close to,
field capacity were a major factor in sustaining evapo-
transpiration throughout the year in most regions.

Runoff

Runoff in 1986 for Great Britain totalled approxi-
mately 730 mm, some 20 per cent above the long
term average — reinforcing the tendency towards
higher runoff rates which has been a feature of the
last decade. Figure 5 illustrates the post-1976 annual
runoff totals for Great Britain expressed as a
percentage of the 1961-76 mean; a notable feature is
the eight-year sequence of above average runoff
commencing in 1979. For several of these years, and
for 1977, runoff was substantially greater than the
mean reflecting, principally, the elevated discharge
rates obtaining through the winter months. Plentiful
runoff over the October-March period has been
particularly prevalent in Scotland. For England and
Wales a rather different picture emerges with annual
runoff totals for 1983, 1984 and 1985 all slightly
below average.

The paucity of catchments with extended river
flow records poses problems in determining a reliable
long term runoff value for Great Britain; fewer than
a dozen gauging stations have sensibly continuous
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TABLE 3 1986 WATER BALANCES FOR SELECTED CATCHMENTS IN GREAT BRITAIN
Station River and Station Name Rainfall Runoff Loss Runoff as % of Abstractions*
Number Ruinfall snd
1986 lta Discharges
7002  Findhorn Forres 1986 mm 1157 756 401 65 69 N
as a % of lta 105 98 119
12001  Dee Woodend 1986 mm 1231 902" 329 73 75 N
as a % of lta 111 107 122
15006  Tay Ballathie 1986 mm 1691 1356 335 80 76 SPIH
as 2 % of lta 117 122 101
18001 Allan Water Kinbuck 1986 mm 1612 1210 402 75 72 N
as a % of lta 123 127 113
19001  Almond Craigiehall 1986 mm 1098 699 399 63 55 PEI
as a % of a 125 144 101
21012 Teviot Hawick 1986 mm 1449 1068 381 73 68 N
asa % of ta 124 134 104
24004 Bedburn Beck Bedburn 1986 mm 971 610 361 62 57 N
as a % of lta 112 122 93
27002  Wharfe Flint Mill Weir 1986 mm 1366 875 491 64 63 SRPI
as a % of lta 118 119 115
28008 Dove Rocester Weir 1986 mm 1163 733 430 63 56 GE
as a % of lta 113 125 96
30001 Witham Claypole Mill 1986 mm G660 213 447 32 29 RPGI
as a % of lta 107 116 103
32001 Nene Orton 1986 mm 701 236 465 33 31 SPEI
asa % of Ita 112 122. 108
33002 Bedford Ouse Bedford 1986 mm 704 281 423 39 34 SPGEI
as a % of Ita 109 125 101
34003  Bure Ingworth 1986 mm 687 227 460 33 3 GI
. as a % of Ita 102 107 99
36006  Stour Langham 1986 mm 636 ‘149 487 23 26 REI
as a % of Ita 109 95 114
37001 Roding Redbridge 1986 mm 546 211 435 32 33 SEI
as a % of Ita 104 102 106
38003 Mimram Panshanger Park 1986 mm 705 108 597 15 19 Gl
as a % of Ita 108 85 114
39001 Thames Kingston 1986 mm (KKl 287 489 + 36 36 Naturalised
as a % of Ita 109 110 108
39007  Blackwater Swallowfield 1986 mm 772 310 462 40 38 E
as a % of Ita 108 113 104
40003  Medway Teston 1986 mm 783 286 497 36 36 SPG
as a % of lta 105 105 104
42004  Test Broadlands 1986 mm 874 310 564 a5 41 N
as a % of lta 108 92 120
44002 Piddle Baggs Milt 1986 mm mn 453 658 40 42 I
as a % of Ita 115 110 118
45001 Exe Thorverton 1986 mm 1455 1006 449 69 64 PGEI
as a % of lta 116 124 102
50001 Taw Urmnberleigh 1986 mm 1316 836 480 63 60 SPE
asa % of lta 116 123 106
52005 Tone Bishops Hull 1986 mm 1051t 497 554 47 48 S
asa % of lta 106 102 110
54005. Severn Montford 1986 mm 1265 834 431 65 56 SRP
as a % of lta 109 127 85
35008 Wye Cefo Brwyn 1986 mm 2834 2416 418 85 84 N
as 2 % of ha 115 116 111
57004 Cynon Abercynon 1986 mm 2151 1623 528 75 67 SE
as 2 % of a 121 135 91
62001  Teifi Glan Teifi 1986 mm 1547 1150 397 74 74 SP
as a % of Ita 116 117 115
67015 Dee Manley Hall 1986 mm 1555 1063 492 68 67 SRPI
asa % of la 111 113 107
68001  Weaver Ashbrook 1986 mm 751 290 461 38 39 P‘G E
as a % of ha 102 100 103
73005 Kemt Sedgwick 1986 mm 1924 1475 449 76 73 N
as a 96 of Ita 112 116 99
84005 Clyde Blairston 1986 mm 1377 981 396 n 66 N
as a % of Ita 120 129 102

lta=long term average

* For an explanation of the code letters see page 42
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flow records of fifty years or more. 1961 was selected
as the start year for the first standard runoff period
in the United Kingdom, not simply in recognition of
the rapid growth in the gauging station network at
that time but also to allow direct comparisons to be
made with rainfall when the Meteorological Office
introduces the next thirty-year standard rainfall
period (1961-90).

Figure 6 provides a guide to runoff in Great
Britain for 1986 expressed as a percentage of the
1961-1985 average. The map is least precise in
northern Scotland and in the Welsh mountains
where the monitoring network is sparse. Insuffici-
ent long term river flow records exist for Northern
Ireland (and for the Scottish islands) to allow the
drawing of isopleths with any confidence. A signi-
ficant degree of spatial variability, in terms of
percentage runoff, is evident throughout GB; 1986
runoff ranged from less than 80 per cent of the
average in parts of East Anglia to more than 150
per cent for some rivers draining southwards from
the Pennines and the Brecon Beacons. Away from
the north-eastern lowlands, runoff was particularly
abundant in Scotland, approximately half the coun-
try being enclosed by the 120 per cent isopleth.
Regional variations were rather more subdued in
England and Wales where the majority of catch-
ments registered between 110-120 percent of their
respective averages.

The runoff pattern over the UK reflected the
dominant maritime influence on rainfall; by far the
greater proportion of precipitation during the year
was associated with the passage of Atlantic depres-
sions; this led to an exaggeration in the normal
west to east runoff gradient. Those regions which
registered below average runoff generally coincide
with areas where surface water resources are most
vulnerable. However, the high runoff conditions
experienced in the west provided plentiful inflows
for many strategically important water supply
reservoirs. Overall, approximately ten per cent of
UK catchments established new maximum annual
runoff totals in 1986. Prominent in this category

were river basins in the west of Scotland and in
Wales where, for instance, the River Dyfi - gauged
at Dyfi Bridge — recorded a notable annual runoff
total exceeding 1770 mm, the highest yearly total
in a record extending back to 1962. Similarly, the
annual runoff total for the Eastern Cleddan, in
Dyfed was some 10 per cent greater than the
previous maximum.

The distribution of runoff throughout the year
is illustrated in Figure 7 (a-d). Daily and monthly
hydrographs are shown for individual gauging sta-
tions in England, Scotland, Wales and Northern
Ireland. The monthly mean flows are shown to-
gether with the corresponding maximum and mini-
mum flows for the preceding record. The 1986
trace is shown as a solid black line and the solid
blue line represents the 30-day running mean for
the pre-1986 record. As in 1985, the distribution of
river flows throughout 1986 was characterised by
several periods of unseasonally low and high flows.

The flow duration curves illustrated in Figure
7 allow the proportion of time that river flows fell
below a given threshold to be identified. Both low
flows (those flows which are exceeded for 95 per
cent of the time) and high flows (those flows
which are exceeded for 10 per cent of the time)
during 1986 were generally greater than average -
a situation similar to 1985 - and in the majority of
areas significantly so. In the wvery highest flow
range - corresponding, generally, to bankfull and
above - discharge rates in 1986 were also signifi-
cantly above normal except in the English lowlands
where the relative remoteness from maritime influ-
ences, and the ameliorating effect of aquifer sto-
rage on the flow regimes, resulted in a muted
overall flow range.

Exceptions to the general runoff pattern were the
north-east of Scotland where high and low flows
were little different to the long term average and in
the chalk downlands of south-east England where
low flows were substantially greater than normal —
reflecting the enhanced winter infiltration in recent
years. In Devon and north Cornwall, low flows were
even more atypical; the flow exceeded 95 per cent of
the time for some catchments being more than
double the corresponding figure for the preceding
record.

In a normal year, periods of significantly reduced
flow may be expected during the summer months
when evapotranspiration is at its highest. During
1986, although low flows did occur, intermittently,
over the summer months there were also other
significant periods of very modest runoff following
steep recessions in those rivers with limited baseflow
support. The River Tay (Figure 7a) exemplified
conditions throughout much of the UK. Minimum
flows - for the time of year — were closely
approached in February and in early October whilst,
by contrast, very high discharges were recorded at
the beginning of the year and in March, May, August

11
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and from late October until the year’s end. However,
in regions where runoff includes a high baseflow
component, the February and October recessions
were unremarkable and monthly runoff totals
throughout the year were, in general, reasonably
stable.

High seasonal runoff totals typified the spring
period {March-May) throughout the UK. In Scot-
land and the extreme north of England this was
principally a consequence of the high discharges
sustained during May; several rivers in the east of
Scotland, including the Tay, registered new maxi-
mum runoff totals for the month. As in the two
previous months, snowmelt was a significant contri-
butor to river flow in many catchments and snow-
pack storage served to disturb any simple relation
between precipitation - which can be difficult to
assess when a major proportion is in the form of
snow - and runoff. Despite the low discharges during
February, most of the UK registered runoff totals
over the 1985/86 winter half-year close to the
average. By April, groundwater and reservoir levels
were high and the water resources outlook was
reassuring.

Overall; runoff during the summer (June--
August) was slightly above average but the flow
regime on many rivers exhibited large variations
giving greater emphasis to the somewhat atypical
distribution of flows throughout the year. The
summer ended with most rivers in spate following
the passage of ‘Hurricane’ Charley. New August
maximum daily mean discharges were registered
over a wide area of Yorkshire and in Northumbria
many peak flows were the largest for the year;
several were unprecedented.

During the autumn (September-November),
runoff tended to be slightly below average in
Scotland and the north of England, but above
average in Wales and central and southern England.
The wetter than average November, throughout
most of the country, counterbalanced the fairly dry
conditions during the first two months of autumn.
This contrast was associated with substantial within-
month variability; this reached an extreme expres-
sion in some western regions. For example, on the
River Dyfi during the four weeks prior to the 17th of
October, flows were below the previous minimum
for that period. Three days later, however, dis-
charges had recovered from less than 2 cumecs to
well over 30 cumecs. By November flows in most
rivers were above the seasonal average and the wet
December over the UK maintained high runoff rates
until the end of the year.

Groundwater

Since the drought of 1976, when unprecedented low
groundwater levels were recorded throughout both
major and minor aquifers, water tables have gener-
ally stood near to average levels. In both 1984 and
1985, levels had generally fallen below the seasonal
means by the end of the summer, in the first case
following a spring and summer drought, and in the
second due to a late onset of infiltration - October
1985 being relatively dry.

The annual rainfall for 1986 was generally near
to, or a little above, average for those regions within
the United Kingdom most dependent upon
groundwater supplies (see page 163). The winter
half-year rainfall for 1985-1986 was also close to the
average, but it was unevenly distributed with heavy
precipitation in December and January, little rainfall
in February, and then wet throughout March. At the
end of 1986, rainfall was generally above the average
from Qctober to the end of December,

Table 1 lists the half-year rainfall totals for the
Water Authority and River Purification Board areas.
Although the replenishment of aquifers is heavily
dependent upon winter rainfall; when losses due to
evapotranspiration are limited, the actual pattern
of water table fluctuations throughout 1986 also
reflects rainfall variability within the seasons to a
significant degree.

In 1985, well hydrographs generaily showed a
continuation of the summer recession into Novem-
ber, or even December. Consistent with the pattern
of recent years, steep recoveries in groundwater
levels during December and January were wide-
spread. For instance in the Rockley borehole, which
penetrates the Chalk of the Marlborough Downs, a
rise of about ten metres was recorded - the water
level response was delayed slightly by the lag
between rainfall and the infiltrate reaching the water
table (see page 168). The dry conditions prevalent
almost everywhere in February led to a widespread
decline in water levels but, apart from a few sites, the
ensuing wet spring led to continued replenishment of
the aquifers in most areas into May, and possibly in
some districts into June.

When the water table is close to the ground
surface and where infiltration is rapid, replenishment
can take place in the summer months. High rainfall
in June 1986 resulted in a slowing of the recession in
the Ampney Crucis borehole, near Cirencester, and
in a sharp rise in the Redbank borehole (Dumfries).
There was a similar reaction to the high August
rainfall in Northern Ireland (see the Killyglen
hydrograph - page 168). Rainfall over each of the
last three months of 1986 was generally either near
to or above average, and in some districts well above
average. Upturns tended, therefore, to reflect the
onset of infiltration in October. In some wells, the
lag time delayed the upturn, at Washpit Farm
(Norfolk) into December, and at Therfield Rectory,
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near Royston, beyond the end of December. By and
large, groundwater levels at the end of 1986 were
close to the average.

In the ‘Hydrometric Register and Statistics
1981-5" (see page 195), a method was proposed
which permitted comparisons between groundwater
levels in different observation wells and related
water table fluctuations in response to aquifer
replenishment. Using the same methods, the appar-
ent replenishment for the winter of 1985-86 has
been estimated and is shown in the Register of
Selected Groundwater Observation Wells (see page
174) as the percentage mean annual recharge; for the
main outcrop of the Chalk and Upper Greensand
aquifer, the percentage mean annual recharge is also
shown areally on Figure 8. Peak groundwater levels
in the spring of 1986 fell a little short of those
recorded in recent years for the Chalk and Upper
Greensand aquifer in many parts of East Anglia,
This reflects the late onset of percolation following
the dry autumn of 1985 and is considered to be the
principal cause of the low percentage replenish-
ments, for the South-East, illustrated in Figure 8.
Using the observed groundwater level fuctuations
and the unit mean annual replenishment figures from
Monkhouse and Richards (1982), the actual volume
of recharge for the four major aquifers in England
and Wales, has been estimated and is shown in Table
4,

The majority of observation boreholes in the
national network monitor the natural variation in
groundwater levels. In parts of the United Kingdom,
water levels have been influenced, sometimes over
long periods, by varying abstraction rates from the
aquifer concerned. As a consequence the regional
water table may become substantially depressed
below the levels obtaining before the widespread
exploitation of the resource began. Equally, where
such depressions have become established ground-
water levels may be expected to rise in response to a
decrease in the volume of water extracted. Such is
the case with the standing water levels in the
confined Chalk and Upper Greensand aquifer below
London. Figure 9 confirms that the recovery, first
evident about twenty years ago, is continuing. A
steady increase of about one metre per year has
returned the water table to a level comparable with
that following the First World War. When the first
deep wells penetrated the Chalk of the London Basin
in the late eighteenth century, the artesian conditions
ensured that standing water levels were relatively
close to the surface but the decline in groundwater
levels below Trafalgar Square exceeded 60 metres by
1940. Subsequently, as abstractions switched to
piped supplies drawn predominantly from reservoirs
in the Thames and Lee basins, groundwater levels
gradually stabilised and, from about 1965, began a
discernible recovery. The implications of rising
groundwater levels range from the more immediate
water resources effect on potential groundwater

HYDROLOGICAL DATA: 1986

supplies -~ in terms of both water quantity and
quality - to geotechnical problems relating to
foundation and tunnel flooding and the design of
deep underground structures.

TABLE 4 ANNUAL REPLENISHMENT TO THE MORE
IMPORTANT AQUIFERS IN ENGLAND AND
WALES FOR THE YEAR 1985-86.

(Units are in m’ 10%. Figures in parentheses are
percentages of the annual mean)

Water Replenishment Replenishment
Authority mean annual 1985-86
Chalk and Upper Greensand aguifer ]
Anglian 953 693 ( 73)
Southern 1231 1097 ( 89)
South West 202 119 ( 59
Thames 975 837 ( 86)
Wessex 947 980 (103)
Yorkshire 322 327 (102)
TOTAL 4630 4053 ( 88)
Lincolnshire Limestone aquifer

Anglian 86 72 ( 86)
Permo-Triassic sandstones aquifer

Northumbrian 123 89 ( 72)
Notth West 331 "332 (100)
Severn-Trent 528 484 ( 92)
South West 205 175 ( 85)
Welsh 27 20 ( 74)
Wessex 39 37 ( 95)
Yorkshire 301 354 (118)
TOTAL 1554 1491 ( 96)
Magnesian Limestone aquifer

Northumbrian 80 91 (114)
Severn-Trent 40 45 (113)
Yorkshire 127 115 ( 91)
TOTAL 247 251 (102)




HYDROLOGICAL REVIEW

1985-86

Figure 8. Géne?d;’i&ed percentage of the mean annual

] ear mean (85-118) replenishment to the Chalk and Upper Green-

sand aquifer 1985-6.
Below mean (=50-85) .

Wall below mean (<50)

Site name: National Gallery, Trafalgar Square

National grid reference: TQ 2296 8051 Well number: TQ 28/119B
Aquifer: Chalk and Upper Greensand Measuring level: 12:60 m OD

o R e S ot ) o B T sl 0 s (0 e o, o Mo
(i

J ol : o

'
~p

o
1

 MEAN WATER LEVEL

(metres reiative to Ordnance Datum)
@
o

1955 1960 1965 1970 1978 1980 1985

Figure 9. Groundwater level fluctuations in the National Gallery (Trafalgar Sq.) borehole 1953-86.



20

HYDROLOGICAL DATA: 1986
Hydrological Diary

January

Ist-2nd: A depression moved across southern areas of Great Britain bringing widespread rainfall; several
localities recorded over 50 mm. Many rivers in the South-East which had registered their peak flow for 1985
late in December remained in spate until early January; a number registered their highest daily mean flow for
1986 on the second day of the year.

7th-8th: The south-west of England was affected by torrential rain; the A382 near Exeter was flooded and
hundreds of acres of farmland in Devon and Somerset were under water. The river Culm, which joins the Exe
just upstream of Exeter, recorded its highest daily mean flow for the year on the 7th.

10cth-12th: A mild westerly airstream brought rainfall to all areas and resulted in the rapid melting of snow
accumnulations. In response river levels increased and limited flooding occurred over wide areas of Scotland
and northern England. Maximum daily mean flows for the year were recorded on the rivers Deveron, Eden,
Dean Water and Dighty Water. The Luss Water, a western tributary of Loch Lomond, recorded a peak flow
which exceeded the previous maximum by more than 20 cumecs. In Glasgow a child was swept away and
drowned when a small burn became a torrent.

Snowmelt was not a significant factor in central and southern England but heavy rainfall increased runoff
rates in several regions. Significant flooding occurred in the Severn Valley, particularly around Tewkesbury,
when the river equalled its highest recorded January flow. The peak flow on the River Arrow (Herefordshire)
was unprecedented and in Somerset, a young child drowned in the swollen river Yeo at Stoford.

28th-29th: Rainfall associated with further frontal activity caused an abrupt discharge increase in many
rivers in the basin of the Bristol Avon. The River Frome at Frenchay, in Bristol, recorded a peak flow of 35
cumecs on the 28th - the largest instantaneous flow recorded in January since records began in 1961. Localised
flooding disrupted road and rail communications.

February

High pressure systems dominated the British Isles during the month and the UK, as a whole, expenenced its
second driest February this century. Tcmperatures throughout the month were also remarkable, in England
and Wales it was the coldest February since 1947. A marked decline in flow was evident on the majority of
rivers throughout much of the UK during the month; a significant number of rivers registered new February
daily mean minima and the Blackwater, in Northern Ireland, recorded its lowest winter discharge in a fifteen
year record. The combined effect of frozen supply reservoirs and wastage arising from damaged plumbing
systems fuelled concern regarding the adequacy of water resources to meet demands later in the year.

March

3rd-4th: The cold spell which dominated the British Isles during February was broken when Atlantic air
penetrated the country. The mild conditions brought a steady thaw and the subsequent runoff was enhanced by
significant rainfall in some areas. Many rivers which had experienced steep recessions throughout February
peaked early in March. On the River Wye for instance, at the Ddol Farm gauging station, new minimum daily
mean flows for March were recorded at the beginning of the month — less than one cumec was registered on the
3rd - on the 4th, the flow increased to greater than fifty cumecs. In Scotland, the Teviot — a tributary of the
River Tweed - also recorded a new daily mean minimum discharge for March (7 cumecs) on the 3rd, the
following day witnessed a twenty-fold increase at the Ormiston Mill gauging station.

20th-22nd: A deep depression centred over north-western Scotland brought gales to a number of regions.
The associated rain, hail and snow resulted in a general upturn in runoff rates. In the Clyde R.P.B. area, peak
daily mean Sow values for the year were reported for the rivers Eachaig, Gryfe and Endrick on the 22nd.

April

14th-15th:  Rivers throughout Northern Ireland were in spate following rainfall associated with a vigorous
depression centred over Great Britain; more than 50mm of rain was recorded over a large area. The River
Camowen registered a daily mean flow of nearly 60 cumecs (on the 15th) — over twice the maximum daily
mean flow previously recorded for April.

17th-20th: A complex Atlantic low pressure system brought rain to all areas. In North Wales runoff
increased sharply and record April daily mean flows were established on the rivers Alyn, Aled and Elwy.
The succession of fronts during the month gave rise to several particularly wet spells and by the end of April
discharge rates were well above average in most regions throughout England, Wales and Northern Ireland.
Some monthty runoff totals were also notable, for instance the Blackwater, in Northern Ireland, registered a
runoff total which equalled the previous highest April runoff.
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May

During the first week of May the Government advised the public to avoid drinking rainwater and streamwater
in Scotland and northern England; runoff in these areas was at risk as a result of the north-westward drift of
radioactive material following the major accident at the Chernobyl nuclear power plant, in the USSR, on April
26th.

I9th-215t: Thunderstorms - particularly in the Midlands - produced some exceptionally intense rainfalls.
Several noteworthy three and four-hour precipitation totals were reported including a 60 mm fall in the
vicinity of Spalding (Lincolnshire). A return period of 1 in 120 years was ascribed to this event; a few
raingauges in south Derbyshire also registered three-hourly totals of a similar rarity. Notwithstanding the very
localised nature of the most vigorous storm cells, and the mitigating influence of significant soil moisture
deficits, the river flow response was rapid in some catchments. Over 120 properties were inundated in Spalding
- the inability of culverts and sewerage networks to cope with the rapid runoff was a primary factor in the
flooding. The Rivers Bain and Partney Lymn, in Lincolnshire, recorded their highest daily mean flows for May
on the 20th. In Derbyshire, the River Amber recorded a new maximum daily mean flow for May and, below the
confluence with the Derwent, local flooding and transport disruption resulted. Peak river flows for the year
were not confined to the Midlands. The headwaters of the River Lee — which are mainly fed by baseflow from
the Chalk - showed an unusually rapid response to rainfall and the daily mean flow of 1.63 cumecs recorded on
the 20th for the heavily urbanised Stevenage Brook catchment has been exceeded on only three occasions.

June

Sth-10th: Substantial rainfall totals were recorded as a frontal system crossed the British Isles on a north-
easterly track. Among the heaviest falls recorded were 69 mm at Princetown in Devon on the 9th, 55 mm at
Rothes, in the Grampian Region, and 66 mm at Penzance, in Cornwall, on the 10th. Runoff rates increased
substantially throughout much of Great Britain. Rivers draining Dartmoor and the Brecon Beacons exhibited
an abrupt increase in flow interrupting the recessions which, in many areas, had continued since mid-May. On
the 10th, the river Taff, at Fiddlers Elbow, recorded its highest June daily mean flow in 13 years and in the
Grampians, the Isla, gauged at Grange, registered its maximum daily mean flow for the year.

21st:  Frontal activity associated with a complex low-pressure system in the south of England resulted in
heavy downpours. The river Gannel, gauged at Gwills, in Cornwall registered the highest summer daily mean
flow in a 17-year record.

July

Anticyclonic conditions dominated most of the British Isles until the middle of the month by which time
flow recessions in some regions had been established for six weeks. Several rivers - for example the Spey
and the Greta (Northumbria) ~ approached their July minimum flows before recovering strongly at the
month-end.

August

flth: In the early hours a short-lived, and very intense, thunderstorm occurred above the Knowstone
district of North Devon. No recording raingauges are sited in the area affected, but by using daily gauges
and the evidence of local inhabitants, the peak rainfall intensity was estimated at 100 mm per hour for a
restricted locality near the headwaters of the Crooked Qak and Lower Silver streams. Streamflow, assessed
using wrack marks beside the Crooked Oak stream, was estimated at 80 cumecs - equivalent to a runoff rate
of about 17 mm/hr. An event of this magnitude has an extremely long return period - up to 1000 years —
but the sudden collapse of a debris dam upstream causing a very transient (but, nonetheless, real) peak may
be a source of overestimation. Flooding was very localised and the impact on the rural community limited
but local roads and tracks were heavily eroded and some became impassable. Several small bridges and
vehicles were destroyed.

22nd-23rd: Instability, associated with a complex area of low pressure crossing southern Britain, was
sufficient to generate several vigorous thunderstorms. Daily rainfalls exceeding 60 mm were recorded at
Bushey (Herts) and Oakley (Bucks) - such amounts represent about ten per cent of the 1986 total; return
pertods of about 100 years were ascribed to these events (recording raingauge evidence suggested that virtually
all the precipitation fell in a six-hour period).

25th-26th: A deepening intense depression - the remnant of Hurricane Charley - crossed the UK bringing
widespread and heavy rainfalls — see “The Wettest Day on record in England and Wales’ (page 23).

September

Dry conditions were re-established during September when the UK was influenced by a sequence of
anticyclones. The last two weeks were particularly dry with parts of south-east England having no rain for 28
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days following the 16th; only 1959 and 1976, in recent years, have experienced longer dry spells. The
consequent flow recessions were widespread, although interrupted in some areas by several wet interludes, and
the re-commencement of infiltration to the major aquifers was delayed.

October

October was a month of contrasts. High pressure dominated the weather pattern until the 19th. The dry spell
then ended as a series of vigorous frontal systems crossed the UK bringing sustained rainfall, with some
thunderstorms, to many places. Precipitation totals were not particularly remarkable but the decline in soil
moisture deficits increased the effectiveness of the rainfall and caused flow rates to rise from close to the
seasonal minimum to well above average in most regions. Flow in the rivers Dee, Don and Muick rose in
response to rainfall associated with a deep depression, which crossed northern areas of Great Britain on the
24th - several days prior to this they had recorded their lowest daily mean flow for the year.

November

9th: A sequence of Atlantic depressions crossed the UK during the month bringing widespread and heavy
rainfall. The Waen Sychlwch raingauge, in the Brecon Beacons, registered a ‘very rare’ rainfall total - 147mm
{corresponding to a return period of greater than 200 years) — and recorded 433 mm over the twelve-day
period commencing on the 7th November; a precipitation total of this order is comparable to the 1986 rainfall
total in some parts of Essex.

18th-21st: Severe storms caused disruption in southern arcas; homes were flooded, overhead power cables
brought down and cross-channel ferry sailings postponed. Heavy rain affected Wales and south-west England.
On the 18th, 79 mm was recorded at Princetown, Devon, and 73 mm at Moel Cynedd, Powys. Houses at
Cwmaman, Mid Glamorgan, were cut off for several hours due to floodwater and three properties were
overwhelmed when heavy rain triggered a landslide in Graig-y-Merchyd. At Ystalyfera, West Glamorgan,
another landslide damaged two houses. In Port Talbot and Neath, roads and some properties were affected by
floods. In the Whitland district of Dyfed there was serious flooding and transport disruption; emergency
services were fully stretched. Rivers were in spate throughout the area affected and a Red Alert was declared
when the rivers Ogmore, Neath, Tawe, Loughor and Gwendraeth reached critical levels for a four-hour period
during the night of the 20th. The River Senni recorded a new maximum daily mean flow, for November, in a
twenty-year record and the peak flow on the Eastern Cleddau was, with the exception of that on the 25th of
August, the highest since 1964,

December

Ist-2nd: A depression centred to the north of Scotland resulted in a number of localised storms producing
three ‘very rare’ rainfall events. Two occurred on the 1st - on the Island of Great Cumbrae, in the Firth of
Clyde where a daily rainfall of 95 mm was measured and at Glengyle - near Loch Katrine - 203 mm was
recorded; the latter total having an estimated return period of over 2600 years. On the 2nd, 162 mm fell at
Bhlaraidh Headpond, west of Loch Ness. Subsequently, downstream of the Loch, the river Ness registered its
highest daily mean flow of the year.

3rd-5th: A deep mid-Atlantic depression moved north-eastwards whilst its associated frontal system skirted
western regions of Great Britain. On the 3rd and 4th, parts of Lancashire received 50-60 mm of rain causing
the Garstang Flood Basin to be used for the first time in order to prevent flooding of the St Michaels area. A
separate storm, with similar rainfall totals, in North Cumbria on the 4th and 5th caused the River Greta to rise
to its highest level of the year posing a serious risk of flooding in Keswick,

28th-30th: A deep Atlantic depression caused torrential rain to sweep across northern and central Wales and
northern England resulting in floods which cut off villages, blocked roads and inundated hundreds of acres of
low-lying land. In the River Dyfi catchment, a number of ‘very rare’ daily rainfall totals were recorded
including an estirmated 170 mm at Glaspwll — the maximum daily rainfall recorded for 1986 in England and
Wales. Large areas received over 50 mm and Dolgellau suffered its heaviest rainfall in twenty six years; the
nearby village of Pennal was evacuated. The peak discharge on the River Glaslyn was a record for December
and the River Conwy, in Gwynedd, overtopped its banks resulting in substantial flooding downstream of
Llanrwst. The maximum instantaneous flows on the Rivers Ystwyth and Rheidol had return periods estimated
at around ten years; the associated inundation caused considerable concern, as elsewhere in Wales, given the
imminence of the lambing season. Rainfall in north-west England was less extreme but several noteworthy
flows resulted. The peak discharge monitored at the Rudheath gauging station on the River Dane exceeded the
maximum on record by more than 50 m*s~, In addition, the two Mersey Flood Basins were used together for
the first time to reduce peak river levels and alleviate flooding,
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The Wettest Day on record for
England and Wales

The most significant meteorological event of the
year occurred towards the end of August when a
deepening, intense depression - the remnant of
Hurricane Charley - followed a north-easterly track
from South Wales across the United Kingdom. The
slow passage of the depression brought heavy
rainfalls accompanied by gale force winds to many
areas.

It became clear that the ex-tropical depression
would cross the UK over the Bank Holiday as
surface pressure fell on the 25th to 990 millibars
south west of Ireland. By the following morning the
low pressure cell had intensified, 981 millibars being
recorded to the north west of London. The associ-
ated widespread and sustained frontal rainfall re-
sulted in the highest single day (0900-0900) rainfall
total for England and Wales in a record extending
back to 1766 (see page 2). Figure 10 illustrates the
daily rainfall totals for August the 25th. Almost the
whole of England and Wales recorded more than 25
mm of rainfall and the areal average was marginally
greater than 40mm; a mean of 61 mm was registered
for Wales alone. A feature of the rainfall distribution
was the relatively subdued influence exerted by relief

Figure 10. Rainfall for the 25th August (09.00-09.00)
1986,

on the spatial variation. Daily rainfall totals for
seventeen well distributed sites in Great Britain
qualified as ‘very rare’ (see page 7); eight of the
rainfall totals exceeded 100 mm and 24-hour rainfall
totals greater than 50mm were experienced over
wide areas. By contrast in Scotland north of a line
from Glasgow to Edinburgh, precipitation amounts
were negligible; few districts recorded more than 2
mm over the same period. Some care is necessary in
interpreting Figure 10; the somewhat arbitrary
nature of the rainfall-day detracts from the signifi-
cance of the rainfall episode in some regions. For
instance, in Northumbria a considerable proportion
of the rainfall associated with the frontal system
occurred after 0900 hours on the 26th August.

North-east England and Wales were the most
severely affected regions both meteorologically and
hydrologically. The highest daily rainfall total during
this event - 135 mm - was recorded at Aber in
Gwynedd. Using evidence from an hourly recording
raingauge on Anglesey, it was estimated that the
rainfall accumulated over a period of just 18 hours;
on this basis the associated return period would
approach 600 years. Return periods exceeding 100
years were ascribed to rainfall totals throughout large
areas in south Dyfed where precipitation was espe-
cially noteworthy in coastal districts. In Northum-
bria and much of Yorkshire, more than 90 mm of
rain was recorded over the 24-hour period beginning
late on the 25th in the majority of river catchments;
only a few areas received less than 50 mm. The
maximum fall in this region - 105 mm - was
recorded at Bar Gap Farm near Bowes during the
25th-26th. Rainfall throughout Northern Ireland
was only a little less noteworthy with 90 mm
reported in Lowtown, County Antrim, on the 25th.
Some very intense rainfall episodes were also
reported. A peak hourly rainfall amount of 38.2 mm
was recorded at Preston, Lancashire, on the 26th and
a fall of 27mm in three-quarters of an hour near
Burton in the Midlands caused localised flooding in
Staffordshire and south Derbyshire.

Substantial soil moisture deficits have normally
become established by late summer throughout most
of the UK. In August 1986, despite the dryness of
the first three weeks, SMDs were lower than
expected over much of upland Britain. However the
deficits — particularly in the north-east of England,
where they were somewhat above expected values -
were of sufficient magnitude to ameliorate the
impact of the heavy rainfall and to reduce the extent
and magnitude of flooding. Following the rainfall
over the Bank Holiday weekend, deficits over much
of England were reduced by 30 or 40 millimetres and
in North Wales deficits exceeding 80 mm - on the
24th - had been eliminated a week later; soils also
returned to field capacity in other upland, and a few
coastal, areas.

Generally, river flows were close to the average
in the majority of rivers in England and Wales during
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Plate 1.

River Tyne at Prudhoe—(a) under dry weather
flow conditions and (b) at the peak of the 26/8/88
flood.

Photos: Malcolm Nezwsom.

mid-August with Scotland and Northern Ireland
registering slightly above average discharges. By the
evening of the 25th, however, flood warnings had
been issued on most rivers in South Wales. The Taff
together with three tributaries overtopped their
banks and the Gronw Stream, reaching a depth of
one and half metres, was responsible for severe
flooding in the town of Whitland (Dyfed). New
absolute peak discharges were recorded at gauging
stations on the rivers Taf, Ewenny and East
Cleddau, each with flow records exceeding 25 years
and, in Clwyd, a young boy was swept away as the
river Alyn burst its banks. The impact of the gales
and floods was most severe in coastal districts where
camping and caravan sites, especially, suffered
considerable devastation.

In Northumbria and parts of Yorkshire, river
levels rose sharply on the 25th and record flows were
established on the Rivers Tees, Greta, and South
Tyne. Plate 1 illustrates the contrast between the
discharge rate sustained during this event and typical
low flow conditions on the Tyne. A return period of
50 years was estimated for to the flood discharge
at Haydon Bridge (South Tyne) and a similar
magnitude was ascribed to the maximum instantane-
ous flow recorded at Broken Scar, on the Tees, where
the previous peak flow was surpassed by 120 cumecs.

HYDROLOGICAL DATA: 1986

At Bywell, the principal gauging station on the Tyne,
a highest instantaneous flow greater than 1500 m3 ™!
was registered. Such a flow rate exceeds the maxi-
mum discharges, stored on the Surface Water
Archive, for all other rivers in England and Wales.
Even allowing for the margin of uncertainty associ-
ated with flow assessments in the higher flood
ranges, it is a measure of the remarkable nature of
the runoff following the August 25/26th rainfall. On
the Greta at Rutherford Bridge — where water levels
exceeded the previous maximum by a metre -
the return period was assessed at greater than 100
years. The River Snaizeholme which drains from the
Pennines, peaked at 15 cumecs, the highest discharge
measured in its 14-year record and most rivers in
North Yorkshire were in spate. Reservoir replenish-
ment was also extremely rapid — 4 m and 5 m water
level increases being recorded at Burnhope Reservoir
and Tunstall Reservoir respectively; a few small
impoundments filled to overflowing. The artificial
storage in the headwaters of several of the most
critically affected rivers served to reduce peak levels
downstream and ameliorate the extent of flooding -
on the river Tees it was estimated that levels would
have been almost half a metre higher downstream of
Darlington but for the effect of the Pennine
reservoirs. This, together with the recently con-
structed floodbanks on the Coquet and Tees, re-
sulted in few properties being affected although road
and rail communications were disrupted over a wide
region and considerable areas of farmland were
inundated. Small bridges and dry stone walls in the
Yorkshire Dales were swept away and rock/debris
obstructions in the rivers caused widespread ponding
in the shallower valleys. Flooding in the Bowmont
Valley, on the border with Scotland, caused the death
of a man whose Land Rover was swept into the
swollen Bowmont Water,

The damage and disruption caused by the
passage of ‘Hurricane’ Charley was very consider-
able. However, the costs attributable to fluvial
flooding were moderate given the magnitude of the
rainfall. In part, this reflects the natural ability of
catchments, especially in the summer, to store water
and attenuate the runoff response, but in many areas
it testifies also to the effectiveness of flood warning
and flood alleviation schemes designed to mitigate
the threat posed by rare precipitation events.
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THE ACQUISITION AND ARCHIVING OF
RIVER FLOW DATA -

PAST AND PRESENT

T. J. MARSH
Institute of Hydrology

Background

The rational exploitation and management of water
resources depends to a considerable degree on the
ready availability of hydrological data. For scientifi-
cally based management strategies and optimal
engineering design procedures to be developed, large
volumes of river flow data need to be collated,
organised and analysed. Whether designing a dam or
assessing the volume of contaminants which -
without detriment to the aquatic environment - may
be discharged into a particular river or stream, a
detailed knowledge of the expected range of flows is
required. The uncertainty associated with the data is
also an important factor in determining the limits to
which a river system may be managed or the margin
of safety which needs to be incorporated into the
design of river works. Precision can only be obtained
at a cost, of course, and designers of hydrological
archives must demonstrate that the resources de-
voted to data acquisition are justified by the benefits
accruing in terms of improved management per-
formance or the prospect thereof based upon the
research potential of large hydrological databases.

The processing of river flow data embraces many
tasks between the sensing — normally of river levels -
on the one hand and the dissemination of informa-
tion on the other (Figure 11)'. The information
requirements of managers, planners, researchers and
others together with the available instrumentation
technology "and data handling expertise all have
important implications for the optimal system de-
sign. The success of any system may normally be
judged by its ability to allow for the differing
demands of a wide spectrum of data users and, in
particular, to ensure that suitably filtered informa-
tion is available at the right time and at an accuracy
level appropriate to the application in hand.

The Character of Rivers in the United
Kingdom

The data acquisition practices and procedures fol-
lowed throughout the United Kingdom reflect the
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Figure 11. River flow information system flow chart.

characteristics of both the rivers themselves and the
catchments they drain. By international standards
the UK maintains a relatively dense network of flow
measurement stations’ — approximately one per 150
km?, This is a necessary response to the diversity of
the United Kingdom in terms of its climate, geology,
land use and pattern of water utilisation.

UK rivers - mere streams in a global context -
are typically short, shallow and subject to substantial
artificial disturbance. The total annual discharge of
all the rivers in England and Wales barely equates to
the average weekly runoff for the Amazon and -
nearer to home - the River Rhine contributes a
greater input of freshwater into the North Sea than
the combined total for all the rivers atong our eastern
seaboard. With many small basins draining to a
convoluted coastline, water resource assessment and
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Figure 12.  The distribution of 95 per cent exceedence flows
for gauging stations in the United Kingdom.

management in the UK inevitably involves consider-
able monitoring effort - the ten largest rivers in the
UK account for only 30 per cent of the overall
runoff.

The depth of major international rivers may be
measured in a few tens of metres; decimetres are
more typical of most UK rivers. This limited water
depth places a high premium on reliable instrumen-
tation and rigorous gauging station maintenance
procedures to ensure that accurate and representa-
tive records of water level - from which river flows
are derived - are available. The 95 per cent
exceedence flow for more than three-quarters of UK
gauging stations is less than one cubic metre per
second (see Figure 12). The equivalent water depth
for a significant proportion of these stations is below
80 mm - often substantially so — thus any errors
resulting from, say, the imprecise setting of the zero
of a water level recorder or limitations in the
inherent accuracy of the sensing and recording
devices may have serious implications (see below).

In order to reduce the uncertainty associated
with computed flow values, especially in the low
flow range, gauging stations are commonly sited
where any significant change in discharge is accom-
panied by a substantial change in water level; thus,
by natural or artificial means, attempts are made to
maximise what is termed the ‘semsitivity’ of the
measuring station. Despite some careful documenta-
tion of the importance of sensitivity’ and an enter-
prising approach to gauging station design, the
margin of uncertainty associated with discharge
values can remain substantial. Figure 13 illustrates
how a modest error in the determination of water
depth can result in a substantial error in the
computed discharge rate. Notwithstanding the skill
with which gauging reaches are selected or measuring
weirs designed, the penalties associated with impre-
cise stage monitoring can remain obdurately severe.
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Table 5 lists the percentage errors in discharge
arising out of a ten millimetre systematic error in the
measurement of water level at a stage corresponding
to the 95 per cent exceedence flow (see page 41).
Taken together, the featured stations are typical of
UK flow measuring conditions but individual gaug-
ing stations may not be representative of any
particular river or region. Not surprisingly the larger
errors tend to correspond with the smaller catch-
ments which, generally, are among the most hydrolo-
gically valuable; the flow regimes tending to be little
disturbed by artificial influences. It is evident also
from Table 5 that hydrometric standards need to be
maintained at a high level if confidence is to be
placed in flow values particularly those likely to be
experienced during periods of drought.

River Flow Measurement

In antiquity, despite the crucial importance of water
to all civilisations, river flows were invariably
determined on the basis of depth alone; water
velocity was ignored even by the Romans whose
artefacts testify to a considerable water engineering
expertise. Hero of Alexandria is credited with the
initial suggestion (circa 100 A.D.) that discharge
was, indeed, the product of cross-sectional area and
speed of flow; he used a volumetric method to
determine the outflow from a spring and te demon-
strate the importance of velocity*. This fundamental
principle was forgotten and practical application
awaited its independent discovery by Castelli in
1628%. Perhaps inevitably, it fell to Leonardo Da
Vinci to demonstrate a measurement technique -
employing simple floats - to investigate changes in
river velocity®’. With a pioneering understanding of
velocity distribution Leonardo was able to appreciate
that surface floats suffer from a number of disadvan-
tages — principal among these being the inability to
assess the mean velocity in the vertical profile. A
more sophisticated approach was heralded by Sarto-
rio’s initial design for a flow measuring device® and,
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Stage - discharge relation: Q=30h
where q is the flow in m?s*!
and h is the stage in metres
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Figure 13.  The effect of systematic errors in stage measure-

ment on computed flows.
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TABLE 5 THE SENSITIVITY OF UK GAUGING STATIONS

Note: The ‘sensitivity error’ referred to in this table relates to the percentage change in flow associated with a 10 mm change of water level at a
stage corresponding to the 95 per cent exceedence flow. For an explanation of the Station Type codes see page 96.

Station River Station Catchmenm Mean 95%ile Sensitivity
Number Type Arca Flow Flow Error
km? mls~! ms~! %
004001 Conon VA 961.8 45.62 B.59 55
007001 Findhorn VA 413.6 13.22 2.05 139
008006 Spey VA 2861.2 64.61 19.18 4.9
008008 Tromie VA 130.3 2.40 118 7.3
012001 Dee VA 1370.0 36.40 B.40 5.2
015006 Tay VA 4587.1 158.10 42.84 1.9
021009 Tweed VA 4390.0 76.71 14.02 4.5
023001 Tyne VA 2175.6 43.87 5.44 6.5
024005 Browney CB 178.5 173 0.34 13.7
024009 Wear FV 1008.3 14.78 3.29 7.8
025019 Leven FV 14.8 0.20 0.06 25.0
027029 Calder C VA 341.7 8.74 2.30 5.0
027035 Aire VA 2823 6.04 0.52 15.9
027041 Derwent C 1586.0 17.53 4,92 55
027051 Crimple FV 8.1 0.11 0.01 54.0
027055 Rye C 131.7 2.36 0.55 221
028003 Tame VA 408.0 5.84 2.70 33
028012 Trent VA 1129.0 12.52 5.04 3.6
028025 Sence C 169.4 1.51 0.25 224
028026 Anker C VA 368.0 2.82 0.61 13.6
028044 Poulter C 65.0 0.33 0.17 21.2
031006 Gwash C 150.0 0.86 0.29 23.3
033012 Kym CB £37.5 0.63 0.02 65.0
036006 Stour FL 578.0 2.83 0.50 7.9
037008 Chelmer EW 190.3 1.02 0.27 15.6
038007 Canons Brk FL 21.4 0.20 0.05 320
039016 Kennet C 1033.4 9.65 398 6.4
039019 Lambourn C 234.1 1.72 0.79 13.3
039020 Coln C 106.7 1.34 0.38 2L.3
043005 Avon C 3237 343 1.15 8.9
043006 Nadder C 220.6 2.88 0.94 18.8
048005 Kenwyn CC 19.1 0.38 0.05 15.6
049004 Gannel C 41.0 0.69 0.10 38.2
052004 Isle C VA 90.1 1.31 0.26 22.7
052010 Brue C VA 135.2 1.89 0.26 21.5
053017 Boyd FV 48.0 0.57 0.05 27.5
054004 Sowe C 262.0 2.94 1.03 8.6
054012 Tern FV 852.0 7.09 241 4.2
054019 Avon C 347.0 2.50 0.48 15.0
056001 Usk VA 9211.7 27.67 4,34 5.1
065005 Erch C 18.1 0.60 0.09 45.0
075001 St John’s Beck MIS 40.9 0.88 0.16 12.5
090003 Nevis VA 76.8 6.28 0.57 8.8

subsequently, the important development work un-
dertaken by Estevao Cabral; the two-hundredth
anniversary of his first rotating-vane current meter
(see Figure 14) was celebrated in 1986°. Consider-
able further research and refinement has resulted in
the modern family of current meters which provide a
robust and reliable means of measuring flow except
at the very extremes of the velocity range.

Current meters generally provide a measure of
flow rate at an instant of time only. For continuous
discharge monitoring a relation is required between
water level and discharge to permit a continuous, or
intermittent, record of river stage to be converted
into discharge. A primary objective in selecting

gauging stations is thus to.locate a reach character-
ised by its ability to maintain a sensibly unique
relation between water level and discharge - where
water levels are then determined by a permanent
‘control’ (see below). World-wide, some 90 per cent
of all gauging stations are of the open river section,
or velocity-area, type. Consistent with the somewhat
singular hydrometric cenditions experienced in the
UK, simple velocity-area stations make up well
below half of the national network. The small size
and mimmal navigational use of most UK rivers,
together with the attraction of grant-aid (until the
mid - 1970s), served to stimulate the design and
installation of a versatile group of gauging weirs®,
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Figure 14. Eighteenth century design sketch for Estavao
Cabral’s rotating-vane current meter.

Although the requirements of migratory fish and
the need to avoid substantial afflux (the increase in
upstream water levels resulting from the installation
of a weir) were, often, important design constraints,
a large proportion of the gauging stations con-
structed over the last 40 years are weirs with known
hydraulic characteristics. Such structures allow a
laboratory derived, or theoretical, calibration to be
used for the conversion of upstream water level to
flow. A wide variety of weirs and flumes, reflecting
significant regional preferences, were constructed
after the Second World War but a greater measure of
uniformity followed the development — in the 1950s
- of a triangular profile weir designed by E.S. Crump
(see cover)'’, This robust and easily constructed weir
is capable of monitoring flows with considerable
precision and is, potentially, able to measure dis-
charges in the non-modular range (when down-
stream water levels disturb the simple relationship
between upstream head and the flow across the
structure — see page 35). The desire to increase
sensitivity in the low flow range led to two important
design innovations'?. The first involved compound-
ing - providing several crests set at different levels
normally separated by divide piers. The second,
more aesthetically pleasing, adopted a shallow ‘V’
profile to achieve a greater depth for a given
discharge. Table 6, which provides a breakdown of
the different types of flow measurement stations in
the United Kingdom, testifies to the success of the
Crump profile weir. Whilst measuring structures
predominate - this is especially true of England and
Wales — it should be noted that the distinction
between station categories can, in reality, be rather
artificial. Many Flat V weirs, for instance, are
effectively river sections (calibrated by current
meter) above the lowest flow range; in any case, all
types rely on the velocity-area principle. Work on
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refining the calibration of standard weirs continued
in the 1960s and 1970s, mostly government funded
and much of it undertaken at the then Hydraulics
Research Station; many of the results were subse-
quently consolidated into a fund of practical guide-
lines which form the basis of a number of British and
International Standards.

By the late 1960s runoff from approximately
two-thirds of Britain was gauged, directly, at least
once. However, the arrangements for flow measure-
ment remained unsatisfactory in a number of areas; a
stable stage-discharge relation cannot be expected
where, for example, confluences with other streams,
tidal influences, sluice gates and other features such
as weedgrowth, limit the range of effectiveness of the
station control. The effect of these disturbances
tends to be especially severe on rivers with a very
shallow bed gradient. A number of novel attempts
were made to utilise water surface slope to help
determine discharge (see Plate 2) but most encoun-
tered formidable practical difficulties — most criti-
cally the inability to detect (at that time) very small
differences in water level over the measuring reach',
Such problems served to stimulate research interest
in new flow measurement techniques. Ultrasound
appeared to offer considerable promise; by timing
acoustic pulses traversing a river section along an
oblique path, in both directions, a measure of the
mean velocity can be obtained from the differences
in the timings of the pulses — flow may then be
computed from a knowledge of the cross-sectional
area corresponding to a given depth'‘, Much impor-
tant development work was completed in Britain and
a prototype ultrasonic station was installed on the
Thames, at Sutton Courtenay, in 1973". Further

TABLE 6 TYPES OF GAUGING STATION IN THE UK

Station Type Number
Velocity-area 416
Flume 77
Flume/Velocity area 4
Broad-crested weir 24
Compound Broad-crested weir 36
Broad-crested weir/Velocity-area 16
Crump Weir 149
Compound Crump Weir 97
Flat Vee weir 112
Flat Vee weir/Velocity-area 45
Essex Weir 23
Thin-plate weir 56
Thin-plate weir/Velocity-area 5
Ultrasonic 16*
Electromagnetic 5*
Miscellaneous 110
Total 1191

* A significantly larger number of ultrasonic and electromagnetic
gauging stations have been, or are being, installed and await final
calibration and commissioning.
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Plate 2.

Gradometric Recorder—designed by Thames
Conservancy to record flow rate based upon the
water surface slope as measured between two
stilling wells in the same reach.

research, building on fleld experience, led to the
introduction of more sophisticated, and reliable,
multi-path systems backed up by considerable on-
site computing capabilities. Following the successful
deployment of an early ultrasonic system relying on
a single pair of transducers'®, a milestone was passed
in 1985 when a multi-path system was commissioned
at Kingston on Thames to continue the 100 year flow
record derived, until 1975, from the complex barrage
of weirs and sluices just downstream at Tedding-
ton'”.

The limited range of levels in regulated rivers
like the Thames is well suited to the ultrasonic
technique but by the late 1970s versatile systems
were being deployed on rivers with substantially
greater water level variation. Plate 3 illustrates a
modern ultrasonic gauging station which incorpor-
ates 16 pairs of transducers with an on-site micro-
computer to determine mean velocity; a complicat-
ing factor at this site is the skewed flow pattern
which necessitated the installation of two sets of
transducers on each bank in order to make allowance
for the non-uniform flow.

A feature of many modern installations is the
attention paid, at the design stage, to ensuring — as
far as is practicable — a sensibly continuous flow
record; access and site facilities are normally excel-
lent with the tranducers and instrumentation amply
protected against accidental or deliberate damage;
some duplication is also common to provide a
measure of security against instrument malfunction.
Several modern stations, provide for pairs of trans-
ducers to measure velocities beyond bankfull; the
magnitude of floodplain discharge rates is often the
least convincingly assessed component in the overall
flow.

More than 30 ultrasonic stations are currently in
operation; the technique has proved particularly
successful in rivers subject to intermittent reverse
flow (for instance in tidal reaches). However it is not
a suitable method for channels affected by heavy
weedgrowth or significant bed instability; steep
temperature gradients or high concentrations of
suspended solids can also degrade performance by
refracting, or attenuating, the ultrasound beam albeit
for a limited period. Under such circumstances ~ and
where the need for flow data can justify the expense
- an electromagnetic gauging station is often a viable
alternative. The electromagnetic technique is only an
innovation in relation to river applications. The
method was first suggested by Michael Faraday' and
early estimates of the flow through the Straits of
Dover relied on the same basic principle - that an
emf will be induced in flowing water as it cuts a
magnetic fleld. For hydrometric applications a verti-
cal magnetic field is created by a coil buried in the
bed of the river or installed above the measuring
section (Plate 4). Considerable refinement - mostly
relating to the need to distinguish the very small
induced voltage from a background emf - was
necessary before a practical river flow measurement
technique evolved. A small experimental installa-
tion' at Princes Marsh on the Rother provided much
valuable design information and, over the last
decade, a number of primary electromagnetic sta-
tions have been installed. Early field experience was
a little mixed with a few sites operating unsatisfacto-
rily under very low discharge conditions (when only

Plate 3. Ultrasonic gauging station on the River Trent at
Darleston (Severn—Trent Water). The trans-
ducers mounted on the steps are used to access
velocity in the channel; those mounted on the
gantry help provide a measure of overbank
wvelocity (the ultrasound flightpath extends to a
corresponding set of transduces on the bridge
abutment).

Note: Following a major flood in 1987 this station
is being recommissioned with a different configu-
ration of transduces. Out-of-bank wvelocities will
be measured using a single-path ultrasonic sys-
tem—the flightpath extending across the full
width between the bridge abutments.
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Plate 4. Electromagnetic gauging station on the Swill

Brook (Thames Water) showing the overhead
coil and bed insulation.

minute voltages are generated). The cost and power
consumption have tended, also, to limit the method’s
application to rivers where other techniques are
inappropriate. Nonetheless, the aesthetic advantages
of a system which, like the ultrasonic method, can be
designed to have very little visual impact (see Plate
5) may well stimulate its wider use especially where
the need for bed insulation becomes unnecessary as
ever more discriminating means of signal detection
are developed.

Stage Sensing

Stage is the elevation of the water surface with
respect to the established datum - typically the level
of zero flow or the crest of a measuring structure. It
is the most fundamental measurement in hydrometry
and, in the UK, the uncertainty in the stage
measurement largely determines the accuracy of the
derived discharge data.

Until the nineteenth century, water level mea-
surement normally involved the direct reading of
levels marked on a graduated scale in, or beside, the
river. Such measuring devices are considered the
oldest hydrometric instruments — records of flood
levels on the Nile date back about 5000 years®. The
sensing mechanism is, of course, the human eye and
the use of graduated scales in the form of gauge-
boards continues to play a dominant role in hydro-
metry in many parts of the world. At all but
secondary gauging stations in the UK, however, the
sensing of stage had, by the 1950s, become entrusted
to float-based systems. Normally the float is housed

" in a stilling well (or tube), to allow the water level to

be sensed and recorded by ome of a variety of
methods undisturbed by surface oscillations or wind
effects. Float-activated water level sensing is a
simple and reliable technique which has found wide
application where stilling well construction is prac-
ticable and its cost justifiable; it remains by far the
most widely used sensing method in the UK. At a
very small number of primary gauging stations -
more commonly where only short-term surveillance

o e

Plate 5. Electromagnetic gauging station on the West

Beck (Yorkshire Water) installed with the coil
in the bed of the channel; the insulating
material is held in place by a concrete-lattice
revetment through which vegetation will re-
colonise the river banks.

is involved - water level sensing exploits the relation
between water depth and hydrostatic pressure.
Pneumatic sensing devices (or ‘bubble’ gauges) in
which a continuous stream of bubbles are emitted
through an orifice are normally installed in the river
itself; the gas pressure in the tube leading to the
orifice is dependent on the water depth. Rather more
popular are pressure transducers which allow water
levels to be monitored by a semiconductor sensing
element which measures the hydrostatic pressure of
the water column over a diaphragm transducer and
transforms it into an electrical signal. Before the
introduction of the ultrasonic gauging method,
acoustic level gauges were rarely used for routine
hydrometric monitoring. However, at a number of
modern installations ultrasound transducers are de-
ployed both to measure water velocity and to
determine water depth - the pulse of ultrasound
normally being reflected from the water surface
allowing the water depth to be determined from the
travel time to and from the transducer?,

Recording

Water level recording technology evolved at a
relatively gentle pace until a decade or so ago.
Principally this reflects the reliable performance of
the instruments which gradually superseded the
original manual recording of water levels. The float-
driven chart (or analogue) recorder was introduced
in the middle of the nineteenth century and, with a
number of important refinements, continues to
dominate stage recording on a world-wide basis.
Over 1200 — of various designs — are still used within
the UK. The instrument is essentially simple in
principle and in construction; a pen being driven by
the angular movement of a pulley which responds to
the rise and fall of the float in the stilling well below.
Some early recorders were designed with a built-in
calibration to allow flows to be registered directly.
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By providing a visual record, in trace form, of water
levels over a chosen period, typically a week or a
month, important information concerning the flow
pattern may readily be identified”?. However, the
analogue trace requires the extraction of individual
stage values to facilitate the derivation of flows. This
digitising phase provides the opportunity to filter out
erroneous or unrepresentative levels but it is a labour
intensive exercise and can be the source of signifi-
cant errer when untrained personnel are employed.

The introduction of more sophisticated digitising
systems — often incorporating a graphical presenta-
tion of the abstracted level values - now provide a
versatile means of extracting hydrometric data but
the perceived need both for greater inherent accu-
racy and a greater measure of computer capability
led to the introduction of the punched tape recorder
{PTR}; a major technological innovatien at the time,
The Surface Water Survey and, later, the Water
Resources Board encouraged the deployment of the
16-channel punched tape recorder pioneered by the
United States Geological Survey. For a time 3 five
channel instrument alse found favour in some parts
of the UK. Properly installed such recorders are
capable of registering water levels to an accuracy of
better than + 5 mm®. By 1975 over 800 punched
tape recorders had been installed. Such devices are
robust, well understood and trusted. As a conse-
quence most measuring authorities, eventually,
adopted PTRs as the primary measuring instrument
with a suitable analogue device to provide a back-up
in case of punched tape recorder malfunction.
Although water levels were recorded in digital form,
conventionally at 15 minute intervals, the punched
paper tape is only nominally computer compatible;
custom made l6-channel readers are required to
facilitate computer processing.

After a relatively quiescent period a number of
factors combined to place the existing data recording
facilities under considerable stress. The requirement
for accuracy and reliability levels beyond what was
achievable wsing mechanical devices allied to an
increasing need, by water management, for near real-
time data served to stimulate the search for alterna-
tive recording methods. A further factor was the
increasing-age of the PTRs and the vulnerability of
acquisition systems relying on a technology which
had declined to a single manufacturer status.

Ten years ago solid state logging equipment
began to be deployed for the recording of river level
data in the field*. A number of design problems were
encountered, particularly in relation to logger capa-
city and battery performance. In addition, attempts
to harness electronic loggers to existing PTRs
proved an unhappy marriage of somewhat incompa-
tible technologies?. Float-driven potentiometer sys-
tems (changing water levels producing a varying
electrical resistance) offered a greater compatibility
but rather limited precision. A far more effective
solution involved the use of optical shaft encoders -

N
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the incremental version relies on float movement to
rotate a disc on which is engraved a pattern that
alternatively transmits and obscures a beam from a
light source; by accumulatng the pulses a record of
water level changes may be made.

In the absence of any national co-ordination,
considerable experimentation took place over the
period 1978-83 and a number of technical back-
waters were explored before suitable recording
options were identified. However, innovative enter-
prise and the pressure of user requirements resulted
in logger technology rapidly passing through several
generations. From costly, unreliable and relatively
clumsy devices with limited storage capabilities
evolved ‘smart’ or ‘intelligent’ field recording units
capable of storing a range of variables, undertaking
field processing and data validation and controlling,
where appropriate, the transmission of data to
processing centres. The associated need for suitable
software to receive, archive and utilise the data,
however, did not always evolve at the same pace so
that, initially, the full potential of the new logging
systems remained unrealised.

Transmission

Since hydrometric data were first collected, it has
almost invariably been the case that the location, or
locations, where the flow information was required
was removed - often distantly — from the point at
which water levels were sensed. The necessary data
transmission involving muscle power or, later, the
internal combustion engine, has always been an im-
portant feature, and often the weakest link, of any
data acquisition system. Notwithstanding its inherent
unreliability, the ‘manual’ form of data transmission
served the water industry effectively until the grow-
ing operational need for data focused attention on the
limitations of traditional data gathering procedures.
The collection of water level charts or punched tapes
in the 1970s was normally scheduled on a routine
basis, typically weekly or monthly. It had the impor-
tant incidental benefit of allowing for regular site
inspections and, where necessary, the carrying out of
station maintenance and instrument checks. For par-
ticular applications, especially those concerned with
flood warning or alleviation, however, data accessibil-
ity needed to be (sensibly) immediate. This real-time
requirement led directly to the introduction of a
variety of telemetry arrangements.

Any telemetry system may be regarded as
consisting of essentially four elements: the sensor, an
encoding device to convert the sensor output to a
format suitable for transmission, a transmission
system linking the sensor to a receiving station and a
data reception and distribution facility?*. In the
United Kingdem, private or public telephone lines
and radio links are used for transmission purposes.
The dense, and generally reliable, telephone network
encouraged the introduction of interrogable, or dial-
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out, flood warning facilities at many gauging stations
in the 1960s and 1970s. Radio-based systems were
also deployed to give wide-area coverage. These
developments often resulted in the creation of dual
monitoring systems, one for operational purposes
(where, commonly, no elaborate provision for the
systematic storage of the data was considered
appropriate), the other to service archiving needs.
Whilst potential advantages of combining the two
systems could be readily identified, the complete
unification of different acquisition systems (with
differing objectives and, often, separately staffed)
raised a number of practical problems; in particular
reconciling the archiving need for continuous good
quality data with the less stringent but urgent
operational demands proved difficult until recently.

The last five years has, however, seen new
technology exploited successfully to allow single
data acquisition systems to meet the full range of
user needs. In some areas the current data acquisi-
tion instrumentation may be regarded as transitional
as strategies for the deployment of unified systems
are examined and refined.

Typically the modern system consists of a float-
driven shaft encoder interfaced to a logging device
linked by the PSTN (Public Switched Telephone
Network) to a processing centre — see Plate 6.
Provision may be made for immediate alarm condi-
tions to be transmitted from the field but, under
normal circumstances, 15 minute water levels are
stored on site for cheap overnight transmission to
microcomputers where the data await initial valida-
tion and conversion to flow. The first such systems
were introduced in the early 1980s% and proved
themselves both flexible and reliable. Following
initial promise, further deployment was rapid. Be-
tween 1983 and 1984, for instance, Severn-Trent
Water installed a large number of outstations
replacing - among other instruments - all the
existing PTRs and, now, well over 200 telemetered
outstations comprise the principal method for the
routine collection of hydrometric data®. A major
stimulus towards the wider use of telemetry has been
the potential for savings resulting from the reduced
need to visit sites on a routine basis to collect chart,
tapes or removable loggers. Conceptually, sophisti-
cated loggers are able to help determine maintenance
schedules by providing warnings relating to, say,
battery performance, or unusual patterns of river
levels which require investigation.

Not all gauging authorities are responsible for the
same range of operational activities and, as a result,
the incentive to introduce telemetry schemes may
vary as between, for instance, Water Authorities and
River Purification Boards. Even where the responsi-
bilities of measuring authorities are identical, very
clear contrasts in the rate of deployment of new data
acquisition technology have been identified”’. None-
theless, over half the flow data submitted to the
Surface Water Archive is now been derived from
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Plate 6. Hydrometric data acquisition facilities at the Spil-

mersford gauging station on the River Tyne (Forth
R.P.B.). The shaft encoder is partially hidden
behind an intelligent logger which provides fore-
casts as part of the Haddington Flood Alleviation
Scheme. For the derivation of datly mean flows, 15
minute water levels are transmitted - in batches -
to a processing centre in Edinburgh. The analogue
recorder (right foreground) provides a back-up to
the primary instrumentation.

telemetered water levels (compared with about five
per cent, seven years ago) and the PSTN systems in
particular are being rapidly extended to embrace
most primary monitoring sites. The cost benefits
have been clearly demonstrated and evaluated in a
number of regions. Generally, PSTN systems have
proved more suitable than terrestrial radio links
which can be more vulnerable to meteorological
conditions and may require unsightly masts to allow
line-of-site communication. However, system de-
signers need to keep under review the relative merits
of each transmission option. The damage associated
with the storms of October 1987 provided a timely
reminder of the vulnerability of telephone-based
systems. In parts of Kent telecommunication lines
were interrupted for up to a week following the near-
hurricane force winds on the night of the 15/16th -
but river level data were still successfully tele-
metered from stations provided with a satellite
transmission link. Two days later in South Wales,
flood warning and flood alleviation procedures were
severely hampered when floodwaters from the River
Tywi incapacitated the Carmarthen telephone ex-
change for a critical period.

Data Processing

Most river flow measurement, and the bulk of the
data processing, in the United Kingdom is carried
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out by regional gauging authorities. Currently these
comprise the ten Water Authorities in England and
Wales, the seven River Purification Boards in
Scotland (see page 192} and the Departments of the
Environment and Agriculture which undertake a
joint operation in Northern Ireland.

The principal data processing task is to reduce a
mass of water level data - over three million data
items per month - into discharge values, and to
provide storage facilities for all the basic data. An
important subsidiary activity invelves the assembly,
or computation, of other gauging station or catch-
ment information which serve to increase the utility
of the flow data. For instance, a catchment boundary
needs to be delineated and the basin area established
before values of runoff can be assessed. The
efficiency with which a processing system handles
both time series information (e.g. daily flows) and
tme invariate or feature information (gauging sta-
tion type, drainage density, proportion of lake in the
catchment etc) is a crucial influence on how
successfully the archive can be cxploited.

When computer-based hydrometric data process-
ing was first intreduced in the UK much of the
routine conversion of water level to flow was
undertaken at a national centre, the Water Resources
Board. This made sense at a time when there was
limited hydrological and computing expertise avail-
able in the measuring authorities (then the River
Authorities in England and Wales). The ensuing two
decades have witnessed a migration of processing
capability to the regions and, in some areas, thence to
local offices and eventually into the field itself*.
This has brocken down, or circumvented, some of
the traditional divisions in the acquisition of river
flow data (see Figure 11).

From about 1975 considerable effort was devoted
to developing flexible user-friendly processing sys-
tems but most were linked to mainframe computers
and substantial user frustration resulted from the lack
of priority afforded to the development and refine-
ment of software required for hydrometric data pro-
cessing. A positive development, however, was the
rapid spread of microcomputer systems designed to
undertake the initial processing and quality control of
the river level data, allowing archiving and retrieval to
remain a mainframe function. Conceptually this ap-
proach has a number of advantages; in particular the
expertise of local staff with a sound knowledge of
river behaviour can be capitalised on to ensure eifec-
tive validation of the data at source whereas the data
handling and analytical capability of the mainframe
has until recently made it the preferred choice for data
retrieval and analysis. The advent of cheap, powerful
microcomputers encouraged many regional and local
mitiatives. In a negative sense such initiatives were
also born out of the lack of any effective co-ordination
and standardisation of processing methods and proce-
dures; in any case off-the-shelf systems were unavail-
able until recently.

A particular complication for the system de-
signer is the number of different data streams with
which any comprehensive system has to contend.
The revolution in instrumentation and data
transmission facilities has not been an overnight
phenomenon; the old technology is yielding in a
more or less graceful manner, to the new, Conse-
quently, for extended periods, both traditional and
innovative acquisition systems are likely to co-exist
and provision has to be made 10 cater for a diverse
set of inputs. In 1987, for instance, the Thames
Water system was required to handle data from
analogue charts, 16-channel punched tape recor-
ders, PSTN and radio telemctered data (every 15
minutes) and from two different solid state logging
systems. At many of the gauging stations the
downstream water level and/or crest level 1s moni-
tored as well as the upstream level to facilitate the
conversion to discharge. Additionally, input facili-
ties were required for ultrasonic and electromag-
netic stations where flows are directly computed
on site. Clearly a flexible data processing system
was needed and Thames Water adopted a modular
approach to system design. Each individual data
strcam is treated separately and the data trans-
ferred into temporary data files which have a
common format. From this stage all data are
treated in a common fashion. Consecquently if a
new type of data input (perhaps to capitalise on
satellite telemetry) is required, all that is needed is
a new input module®.

Depending on the scope of the archiving
system, a range of additional environmental data
may be stored alongside the basic flow data. Pro-
vision may be made to store both level and flow
data together with short time-interval and caich-
ment average rainfall totals. Of particular impor-
tance in relation to some strategically important
rivers is the need to allow for the impact of man’s
activities on the natural flow regime. The heavy,
and widespread utilisation of water in the UK,
combined with the modest flows typical of most
rivers, results in artificial influences having a major
impact on the flow regime. In 1986, for instance,
water abstracted to meet London’s water supply
needs reduced the flows measured at the Kingston
gauging station by over 20 cumecs on average
{equivalent to the mean August discharge); this
represents a ten-fold increase over the net abstrac-
tion at the beginning of the flow record in 1883.
Planning and policy development relating to the
exploitation of water may be distorted if account is
not taken of the quantifiable variations in flow
patterns due to artificial disturbance of the flow
regime. Equaily, unless determined attempts are
made to appraise and categorise the hydrometric
characteristics of each gauging station - especially
their performance in the low flow and flood ranges
- inappropriate or misleading deductions may be
drawn from the raw flow data.-
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Data Quality Control

The UK gauging station network represents a public
investment approaching 100 million pounds and
considerable resources are devoted to the collection
and archiving of hydrological and hydrometric data.
A proportion of these resources should be used to
ensure that the data are of a quality commensurate
with the needs of water management and other data
users. The presence of large volumes of erroneous
data can easily undermine the confidence of both
data suppliers and users in any archiving enterprisc.

A hydrometric data archive, as with most data-
bases, depends for its success on the ready availabil-
ity of sensibly continuous data sets of known accu-
racy. Network design, instrument performance, staff
education, training and motivation all play a part in
determining the quality of the archived data. A fur-
ther significant factor is the priority afforded by
management to hydrometric activities. The statutory
framework within which flow measurement in the
UK is organised is of an enabling nature; no direct
obligation to gauge rivers exists beyond that necessa-
rily arising out of the operational responsibilities of
the water undertakings*. During periods of ecco-
nomic stringency there are inevitably pressures on
measuring authorities to reduce monitoring effort
and to critically review the functioning of their gaug-
ing station networks®. Recently such reviews have
led to the closure of stations which - in a national
perspective - contributed valuable data to the UK
bydrological database. A relaxation in standards is
evident at other sites. This may, for instance, take
the form of a sharp decline in flood gauging at sta-
tions perceived, locally, to exist principally to pro-
vide flow information relating only to resource man-
agement or pollution control.

The non-hydrological aspects of data quality
contro! are of particular importance during a period
when hydrometric data acquisition is in a state of
flux with major developments in the instrumentation
and data communication fields having a substantial
impact on the way river flow data are handled and
processed. As with much technological progress,
dangers can attend the rapid introduction of new
systems into a discipline used to a rather pedestrian
pace of change. The ability to sense, record, transmit
and process flow data untouched by human hand
and, more crucially, unseen by human eye may not
represent an unmitigated blessing. The contribution
to data quality control made by experienced person-
nel engaged upon laborious manual data examination
and processing has not been easy to fully codify and
cffectively mimic in computer sofiware form.

It will be clear from the above that the quality
control of hydrometric data involves a wide range of

* The obligations to be placed upon the National Rivers Authority
(see page 192) in relation to hydrometric data collection are
currently under consideration.
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activitics. If hydrometric data acquisition is con-
sidered as a production line, it is useful to re-
cognise four reasonably distinct areas where quality
control procedures may be applied to good
effect™.

r.  Hydrometric field practice and the
recording of water level

Virtually every part of a river flow archiving
system depends for its input, either directly or
indirectly, on the ornginal measurement process.
Errors in depth assessments may be a consequence
of poorly set-up, or poorly maintained, instruments
or the use of sensing and recording devices inap-
propriate for the precise measurement of water
level. In addition, inadequate site maintenance may
result in water levels, however accurately recorded,
being unsuitable for direct conversion into river
flow. For instance, a weir may have algal or plant
growth along the crest which raises upstream water
levels - stage increases exceeding a centimetre are
not uncemmon - whilst the water level recorder
faithfully monitors the river level relative to the
crest itself.

A conunuing commitment to good practice in
the field is the only way to ensure that precise and
representative river level data are recorded.

tt. The checking of river stage data

Many hydrometric data processing systems in the
United Kingdom now incorporate a facility for the
automatic checking of water level data. Early
systems provided for the examination of water
level sequences to ensure that none fell outside a
prescribed range. A refinement of this approach
involved checking that the difference between con-
secutive readings remained below a selected
threshold. By choosing a threshold value appropri-
ate to the individual gauging stations, this simple
method was able to identify most erroncous data
sequences other than those which are essentially
systematic in nature. Graphical plots of river level
hydrographs are now favoured - often being pre-
sented for visual scrutiny immediately prior to the
conversion of depth to flow; the need to do this
explains the continued popularity of chart recor-
ders in some areas. Powerful editing facilities,
including the ability to add, subtract or apply a
gradually changing adjustment (for instance, to
counter the effect of seasonal weedgrowth) are
necessary to allow rectification of the many pos-
sible sources of anomalous stage values. More
sophisticated techniques are available; most capital-
ise on the high serial correlation normally found in
time series of river stage values but their use has
generally been restricted 10 research applications.
The existence of impressive computer software,
alone, does little to guarantee the quality of stage
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data. Error recognition is a computer assisted — not
computer controlled - procedure and the integrity of
the final data will reflect the expertise, enthusiasm
and commitment of the operator together with
priority afforded by management to data validation
activities.

ui.  The stage-discharge relation

After the measurement of stage, the precision of the
stage-discharge relation is the most important influ-
ence in determining the quality of river flow data.
Both the procedures used to derive a calibration and
the form in which it is expressed may limit the
accuracy of the computed discharges. A knowledge
of the physical characteristics and behaviour of the
river concerned together with an appreciation of the
hydraulic and statistical principles underlying the
calibration exercise is necessary to achieve the most
productive interaction with computer based rating
programs, A failure to detect significant shifts in the
stage-discharge relation may seriously threaten the
accuracy of a river flow time series. Such a failure is
most likely to result from a decline in local current
metering programmes and, inevitably reduces the
confidence that can be placed in computed flows. To
facilitate reprocessing of stage data when rating
changes have been detected, and to permit data users
to appreciate how historical flow computations have
been effected, it is essential that a register of
calibrations be maintained preferably within the
computer system.

Artificial controls are not subject to the same
degree of scour and fill under high flow conditions
which commeonly alter stage-discharge relations at
velocity-area stations. However, the cross-section of
the approach channel may be altered by accretion.
Sediment build up in this area will result in increased
approach velocities to the structure (the opposite is
true in the case of scour). Unless allowed for in the
calibration, a systematic error in flow computation
will result, An examination of Figure 15 reveals that
errors in the computed discharges can be large;
however, effective monitoring of the accretion and
its removal when a suitable threshold is exceeded can
ensure that the weir performance is not seriously
degraded.

A less tractable problem concerns the computa-
tion of flows in the non-modular range. Drowning
may result from a number of causes including
weedgrowth or poor channel maintenance down-
stream. In theory, data from an additional recorder -
monitoring the head above the crest or downstream
of the structure ~ should enable a suitable flow
reduction factor to be chosen. In practice, it has
proved difficult to determine the reduction factor
with any certainty and flows are consistently over-
estimated using the modular flow calibration. This
problem is known to affect over 150 gauging stations
in the UK and may be considered typical of those

which can introduce bias into computed flows.
Random uncertainties in stage measurements tend to
be of much less significance - with 96 readings
normally contributing to the daily mean flow, the
residual random error will, in general, be very
modest.
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Figure 15.  The impact of weir accretion on the accuracy of
computed discharges.

tv. The validation and flagging of
archived flow data

Hydrological data, along with most categories of
environmental data, may be most effectively vali-
dated in one, or a combination, of three modes:

a. Temporally: fluctuations in a time series may
be examined to ascertain whether they could
reasonably be expected in a natural situation
given the characteristic behaviour evident
from the entire period of record.

b. Spatially: data from adjacent, or analogous,
catchments may be examined to check
whether they behave sympathetically, within
an appropriate tolerance range.

c. By comparison with other related variables.
In the case of river flow this is normally
rainfall.

Any comprehensive quality control system
should attempt to provide for the routine screening
of all submitted data to identify obviously erroneous
figures. It has been widely recognised that a measure
of hydrological validation, involving inter-station
comparisons, should form an essential component of
any such system®. However, a number of data
validation systems have met with limited success in
the past primarily because they have been too
ambitious. A common failing has been the continuing
detection of trivial errors which then occupy pre-
cious staff time during the error rectification phase.
No system will ever identify all possible errors; what
is required is a practical, efficient set of procedures
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designed to minimise the volume of significant errors
on the river flow archive. In the more sophisticated
systems, data flagging options may complement the
validation procedures in order to better assess the
suitability of particular data sets for given applica-
tions.

The Surface Water Archive Validation
System

River flow data will often have been subjected to
differing degrees of initial validation in local and
regional offices before they are transferred to a
regional or national centre. Additionally the valida-
tion applied 1s likely to vary significantly between
contemporary and historical data sets. Such is the
case with data submitted to the Surface Water
Archive. To handle all categories of data a suite of
validation programs and procedures has been devel-
oped. The Institute of Hydrology's validation proce-
dures aim to complement those employed in the
regions and to provide a systematic check prior to
cotry onto the national archive. Upon receipt, data
are compared with any already held for the same
peried - it is normal practice for some authorities to
forward magnetic tapes containing their entire ar-
chive at suitable intervals. Where this comparison
reveals differences exceeding a threshold percentage,
the new data are automatically queried and the
source of the difference investigated prior to archiv-
ing. This serves to prevent the overwriting of valid
data by corrupted, or inappropriate, data sequences.
Although not strictly a component in a validation
system, painstaking quality control arrangements
may be wasted if attention is not paid to the data
security aspects of archive management - it is too
easily forgotten that a hydrological database is an
irreplaceable resource with a value far outweighing
that of the computer system that houses it.

Following sccurity and reference information
checks to determine the status of the submitted data
the initial quality control phase involves a compari-
son between the incoming data and a sclection of
statistical parameters derived from the the historical
record for individual gauging stations. Each flow
value which falls outside one, or more, of the
reference ranges is automatically flagged for subse-
quent investigation®. To avoid querying an unreaso-
nably high proportion of valid daily flows - for
instance when flooding occurs extensively - several
filters are used to allow the reference limits to be
overridden when, say, similar flow patterns are
registered by more than 25 per cent of the gauging
stations in a given area.

Many of the queries can be rapidly resolved by
calling upon the expertise of regional representatives
familiar with river behaviour supported by hydrome-
tric and hydrological information collated in a series
of complementary computer and manual files.
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Where further investigation is merited, several
hydrographs - normally for the same river system -
may be displayed simultaneously in order to better
determine the cause of unusual data sequences.
Visual checking of flow hydrographs is, perhaps, the
most effective method of isolating sequences of
dubious Bows and 1s a valuable aid to correcting the
quericd data.

The considerable effort devoted to data valida-
tion by Surface Water Archive staff of the Institute
of Hydrology at Wallingford is underpinned by the
hydrometric and hydrological expertise - much of it
acquired through field visits and regional office
discussions - of the team of regional representatives
which is responsible for liaison with the gauging
authorities. Error rectification normally involves an
initial inspection by the appropriate representative
prior to the despatch of query forms to the measuring
authorities for their comment and, where necessary,
the provision of revised flow figures.

Data Dissemination

River flow data archiving is not an end in itsclf. The
value of any archive is, perhaps, best reflected in the
volume of usage and the breadth of its application.
Data dissemination - to provide for the information
needs of a wide spectrum of data users - may be
achieved in varicus ways. In relation to the Surface
Water Archive, data are made available through a
comprehensive suite of retrieval options (see page
137) and through the Hydrological data UK series of
publications.

Effective dissemination facilities allow the data
user to concentrate on analysis and interpretation;
this requires not simply a sophisticated retrieval
system but, also, ready access to specialised advice
and guidance regarding the availability, and
suitability, of particular data scts for given applica-
tions. Without such guidance, the potential of the
basic data may go unrealised or, even worse, result in
misleading deductions being drawn. Assessments of
drought severity, for instance, may be severely
jeopardised if the uncertainties associated with low
flow measurement at individual gauging stations are
not considered and if allowance is not made for the
net effect of upstream abstractions and discharges,

A continuing dialogue with the user community
is essential to ensure that means of access, and forms
of presentation, remain relevant and appropriate to
user requirements which may change substanually
with time; there is, for instance, a far greater need to
address the problem of water quantity and quality
interactions than was recognised a decade ago.
Equally, continuing development of the national
hydrological database is the necessary cornerstone of
any attempt to measure the impact of climatic
change on water resources and, thence, to assess the
implications for water management.
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Conclusion

The two decades since the initial computerisation of
the national river flow archive have witnessed,
perhaps, as much change in methods of hydrometric
data acquisition and handling as in the previous two
thousand years. The coming twenty years is likely to
witness a revolution in the way hydrological data are
handled, presented and analysed with particular
emphasis placed on the co-ordinated exploitation of
a broad range of environmental data. Digital carto-
graphy and geographical information systems offer
exceptional potential and the growth of microcom-
puter based analytical packages will greatly increase
the power of water managers, and others, to marshall
and utilisc a formidable amount of environmental
data. Faced with such a beguiling prospect it is
necessary to remind ourselves that, ultimately, the
benefits will only be fully realised if attention is not
diverted from the humbler virtues upon which
hydrometric monitoring is grounded: accurate ficld
measurcments, station maintenance and instrument
performance, careful derivation and monitoring of
stage discharge relations, and due emphasis on data
quality control. Equally it is only by recognising that
river flow data have a great intrinsic, and enduring,
value with a potential for application extending far
beyend the operational requirements of individual
collecting agencies* that the costs, and the benefits,
of data acquisition and archiving can be considered
in an appropriate perspective.
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Computation and Accuracy of Gauged
Flows

Gauged flows are generally calculated by the conver-
sion of the record of stage, or water level, using a
stage-discharge relation, often referred to as the
rating or calibration. Stage is measured and recorded
against time by instruments usually actuated by a
float in a stilling well. The instrument records the
level cither continuously by pen and chart, or
digitally on punched-tape or solid-state logger,
generally at regular (normally 15 minute) intervals.
These stage data are normally collected routinely,
typically at weekly or monthly intervals, and taken to
a regional centre for processing. At an increasing
number of gauging stations provision is made for the
routine transmussion of river levels directly to the
processing centre, by telephone line or, less com-
monly, by radio; on occasions, satellites have been
used to receive and re~-transmit the radio signal. The
rapid growth in the use of the public telephone
network for the transmission of river level -~ and,
occasionally, river flow - data is enabling hydrome-
tric data acquisition to proceed on a near real-time
basis in many areas. Typically, the data are stored on
site, using a solid state-logger, and transmitted
overnight for initial processing the following day.
Often, both digital and analogue recording devices
are deployed at gauging stations to provide a
measure of security against loss of record caused by
instrument malfunction.

The stage-discharge relation is obtained either by
installing a gauging structure, usually a weir or flume
with known hydraulic characteristics, or by measur-
ing the stream velocity and cross-sectional area at
points throughout the range of flow at a site
characterised by its ability to maintain the relation-
ship.

The accuracy of the processed gauged flows
therefore depends upon several factors:

i. accuracy and reliability in measuring and re-
cording water levels,

ii. accuracy and rehability of the derived stage-
discharge relation, and

ui. concurrency of revised ratings and the stage
record with respect to changes in the station
control,

Flow data from ultrasonic gauging stations are
computed on-site where the times are measured for
acoustic pulses to traverse a river section along an
oblique path in both directions. The mean river
velocity is reclated to the difference in the two
timings and the flow is then assessed using the river's
cross-sectional area. Accurate computed flows can
be expected for stable river sections and within a
range in stage that permits good estimates of mean
channel velocity to be derived from a velocity

traverse set at a single depth, or at a series of fixed
depths.

Flow data from electromagnetic gauging stations
may also be computed on-site. The technique
requires the measurement of the voltage (electromo-
tive force - emf) induced in flowing water as it cuts a
vertical magnetic field generated by means of a large
coil buricd beneath the river bed, or constructed
above it. This emf is sensed by electrodes at each
side of the river and is directly proportional to the
average velocity in the cross-section.

British and International Standards are followed
as far as possible in the design, installation and
operation of gauging stations. Most of these Stan-
dards include a section devoted to accuracy, which
results in recommendations for reducing uncertain-
ties 1n discharge measurements and for estimating
the extent of the uncertainties which do arise.

The Surface Water Archive exists to provide not
only a central database and retrieval service but also
an extra level of hydrological validation. To further
this aim, project staff at the Institute of Hydrology
liaise with their counterparts in the water industry on
a regional basis and, by visiting gauging stations and
data processing centres, endeavour to maintain the
necessary knowledge of local conditions and prob-
lems.

A more detailed review of current data acquisi-
tion pracuices in the UK is given in the article on
pages 25 1o 38,

Scope of the Flow Data Tabulations

River flow data are presented in two parts. In the
first, daily mean gauged flows are tabulated for 49
gauging siations; daily naturalised flows (sce page
40) are also tabulated for the River Thames at
Kingston. Monthly flow data for a further 160
gauging stations are given in the second part. The
featured gauging stations have been selected to give a
broad geographical coverage and to typify a wide
range of catchment types found throughout the
United Kingdom. A map (Figure 16) is provided on
page 44 to assist in locating the gauging stations
featured in this section.

For each gauging station, basic reference infor-
mation is given together with comparative average
and extreme river flow and rainfall figures based
upon the archived record.

Explanatory notes precede the two sets of tables
and will assist in the interpretation of particular
items. The notes retatung to the daily flow tables are
given below; those relating to the monthly data are
given on page 96.
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Part (i) - the daily mean flow
tabulations

Station Number

The gauging station number is a unique six-digit
reference number which serves as the primary
identifier of the station record on the Surface Water
Archive. The first digit is a regional identifier being 0
for mainland Britain, | for the islands around Britain
and 2 for Northern Ireland. This is followed by the
hydrometric area number given in the second and
third digits. Hydrometric areas are either integral
river catchments having one or more outlets to the
sea or tidal estuary or, for convenience, they may
include several contiguous river catchments having
topographical similarity with separate tidal outlets.
In Britain they are numbered from 1 to 97 in
clockwise order around the coastling commencing in
north-east Scotland: Ireland has a unified numbering
system from 1 to 40, commencing with the River
Foyle catchment and circulating clockwise; not all
Irish hydrometric areas, however, have an outlet
dircctly on the coast.

The numbers and boundaries of the United
Kingdom hydrometric areas are shown in the frontis-
piece.

The fourth, fifth and sixth digits comprise the
number, usually allocated chronologically, of the
gauging station within the hydrometric area.

Where the leading digit, or digits, are zero they
may be omitted giving rise to apparent four or five-
digit reference numbers.

Measuring Authority

An abbreviation referencing the organisation respon-
sible for the operation of the gauging station. A list of
measuring authority codes together with the corre-
sponding names and addresses for all organisations
currently contributing data to the Surface Water
Archive appears on pages 192 and 193.

Grid Reference

The initial two-letter and two-figure codes each
designate the relevant 100 kilometre National Grid
square or Irnish Gnd square (distinguished by the
nalicised two-figure code); the standard six-figure
map reference follows.

Note: The Irish Grid has only one prefix letter but
it is common practice to precede it with the letter I to
make the identification clear,

Catchment Area

The surface catchment area, in the horizontal plane,
draining to the gauging station in square kilometres.
There are a few gauging stations where, because of
geological considerations, the groundwater catch-
ment area differs appreciably from the surface water
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catchment areca and, in consequence, the baseflow,
whether augmented or diminished, may cause the
runoff values to appear anomalous.

First Year

The year in which the station started producing daily
mean flow data, usually the first year for which data
are held on the Surface Water Archive. Earlier data,
often of a sporadic nature or of poorer quality, may
occasionally be available from the measuring author-
ittes or other sources.

Level of Station

The level of the station is, generally, the level of the
gauge zero in metres above Ordnance Datum, or
above Malin Head Datum for stations in Northern
Ireland. Although gauge zero is usually closely
related to zero discharge, it 15 the practice in some
arcas for an arbitrary height, typically one metre, to
be added to the level of the lowest crest of a
measuring structure to avoid the possibility of false
recording of negative values by some digital recor-
ders.

Maximum Altitude

The level to the nearest metre of the highest point in
the catchment area.

Table of daily mean gauged (or naturalised)
discharges

The mean flow in cubic metres per second (abbrevi-
ated to m* s~' and sometimes also referred to as
‘cumecs’) in a water-day, normally 0900 am to 0900
am. The naturalised discharge is the gauged dis-
charge adjusted to take account of nert abstractions
and discharges upstream of the gauging station.

Peak Flow: The highest flow in cubic metres per
second for each month. The day of peak generally
refers to the water-day but the calendar day is also
used, particularly in Scotland. Normally the peak
flow corresponds to the highest fifteen-minute flow
where water levels are recorded digitally, or the
highest instantaneous flow associated with maximum
stage where analogue recorders are used.

Runoff: The notional depth of water in millimetres
over the catchment equivalent to the mean flow for
the month as measured at the gauging station. It is
computed using the relationship:

Runoff in mm =
Average Flow in Cumecs X 86.4 X n

Catchment Arca (km?)

where n is the number of days in the month. The
runoff total is rounded to the nearest millimetre.
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Runoff is computed on the basis of naturalised
flows (see ‘Factors affecting the flow regime') for the
minority of catchments where daily, or monthly,
naturalised flows are available,

Rainfall: The rainfall over the catchment in milli:
metres for each month. Each areal rainfall total is
derived from a one kilometre square grid of rainfall
values generated from all available daily and
monthly rainfall data - these data are provided by
the Meteorclogical Office. Validation procedures
aliow for the rejection of obviously erroneous
raingauge observations prior to the gridding exercise.
A computer program then calculates catchment
-rainfall by averaging the values at the grid points
lying within the digitised boundary of the catchment.

Staustics of monthly data for previous record

Only complete monthly records are used in the
derivation of the average, low and high values of
river flow, runoff and rainfall. The rainfall and
runoff statistics are normally directly comparable
but full equivalence will not obtain where the pattern
of missing data differs between the archived rainfall
and runoff data sets.

Where applicable, a guide to the amount of
missing data is given following the section heading.

Summary statistics

Current year flow statistics are tabulated along-
side the corresponding. values for the previous
record. Where appropriate, the current year figures
are expressed as a percentage of the preceding
average.

Mean Flow: The mean flow for the record preceding
1986 is the average - weighted to account for the
different number of days per month - of the mean
monthly flows.

Lowest Daily Mean: The value and date of
occurrence of the lowest mean flow in cubic metres
per second in a water-day during the term indicated.
In a record in which the value recurs, the date is that
of the last occasion.

It should be emphasised that river flow measure-
ment tends to become more imprecise at very low
discharges. Very low velocities, heavy weed growth
and the insensitivity of stage-discharge relations
combine with the difficulty of accurately measuring
limited water depths to reduce the accuracy of
computed flows.

The reliability of both the lowest daily mean flow
and the 95 percentile flows (see below) as represen-
tative measures of low flow must be considered
carefully and the values used with caution in view of
the increasing proportional variability between the
natural flow and the artificial influences, such as

abstractions, discharges, and storage changes as the
river flow diminishes.

Peak: The peak flow in cubic metres per second
during the term indicated. The date of occurrence,
normally the water-day, is also indicated. Generally,
the peak flows are derived from the record of
monthly instantaneous maximurmn flows stored on the
Surface Water Archive. As a result of particular flow
measurement difficulties in the flood range, this peak
flow series is often incomplete. Consequently, in
some cases, the peak flow from the previous period
of record has been abstracted from Volume IV of the
Flood Studies Report’. Reference to this report
should be made to check for historical flood events
which may exceed the peak falling within the gauged
fow record.

10 Percentile: The flow in cubic metres per second
which was equalled or exceeded for 10 per cent of
the specified term - a high flow parameter which,
when compared with the mean may give a measure of
the vanability, or ‘flashiness’, of the flow regime.
The 10 percentile is computed using daily flow data
only for those years with ten days, or less, missing on
the Surface Water Archive.

50 Percentile: The flow in cubic metres per second
which was equalled or exceeded for 50 per cent of
the specified term - the median value. The same
conditions for completeness of the annual records
apply as for the 10 percentile flow.

95 Percentile: The flow in cubic metres per second
which was equalled or exceeded for 95 per cent of
the specified term - a significant low flow parameter
relevant in the assessment of river water quality
consent conditions. The same conditions for com-
pleteriess of the annual records apply as for the 10
percentile flow.

Factors affecting flow regime

An indication of the various types of abstractions
from, and discharges to, the river operating within
the catchment which alter the natural flow is given
by a standard set of abbreviated descriptions. In Part
(ii) - the monthly flow data - each description is
shortened to a code letter. An explanation of the
abbreviated descriptions and the code letters is given
below. With the exception of the induced loss in
surface flow resulting from underlying groundwater
abstraction, these codes and descriptions refer to
quantifiable variations and do not include the
progressive, and difficult to measure, modifications
in the regime related to land-use changes.

Except for a small set of gauging stations for which

' Flood Studies Report 1975, Natural Eovironment Research Council (5
vols. ).
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CODE  EXPLANATION

N Natural, i.e. there are no abstractions and
discharges or the variation due to them is so
limited that the gauged flow is within 10% of
the natural flow at, or in excess of, the 95
percentile flow.

Storage or impounding reservoir. Natural
river flows will be affected by water stored in
a reservoir situated in, and supplied from, the
catchment above the gauging station.

Regulated river. Under certain flow condi-
tions the river will be augmented from
surface water and/or groundwater storage
upstream of the gauging station.

Public water supplies. Natural river flows are
reduced by the quantity abstracted from a
reservoir or by a river intake if the water is
conveyed outside the gauging station’s catch-
ment area.

Groundwater abstraction. Natural river flow
may be reduced or augmented by
groundwater abstraction or recharge. This
category includes catchments where mine-
water discharges influence the flow regime.

Effluent return. Qutflows from sewage treat-
ment works will augment the river flow if the
efflucnts originate from outside the catch-
ment.

Industrial and agricultural abstractions. Di-
rect industrial and agricultural abstractions
from surface warer and from groundwater
may reduce the natural river flow.

H Hydro-electric power. The river flow 1is
regulated to suit the need for power genera-
tion.

ABBREVIATED DESCRIPTION

Natural within 109 at the 95 percentile flow.

Reservoirs in catchment,

Augmentation from surface water
and/or groundwater.

Abstraction for public water supply.

Flows influenced by groundwater abstraction
and/or recharge.

Augmentation from effluent returns.

Flow reduced by industrial and/or

agricultural abstraction.

Regulation for HEP.

the net variation, i.e. the sum of abstractions and
discharges, is assessed in order to derive the "natural-
ised’ flow from the gauged flow (sce page 40), the
record of individual abstractions, discharges and
changes in storage as indicated in the code above is
not held centrally.

Station and catchment description

A short commentary providing a guide to the
characteristics of the station, its flow record and the
catchment it commands; refer to page 196 for an
explanatory listing of the abbreviations and acro-
nyms used. The objectives of this summary informa-
tion are to assist data users in the selection of
gauging station records appropriate to their needs
and to assist in the interpretation of flow variability
at individual gauging stations particularly where the

natural flow pattern is significantly disturbed by
artificial influences.

The descriptive material will be updated and
revised to reflect the availability of more information
and in response both to changing hydrometric condi-
tions at the measuring site and changing patterns of
land use and water utilisation in the catchment.

A comprehensive set of gauging station and
catchment descriptions is provided in the ‘Hydrome-
tric Register and Staustics 1981-5" (see page 195).

Comment

A summary of any impornant factors influencing the
accuracy of the current year's flow data specifically;
for instance, the reconstruction of a gauging station
or the use of extrapolated stage-discharge relations
during periods of very low or very high flows.



RIVER FLOW DATA 43

STATIONS FOR WHICH DAILY OR MONTHLY DATA ARE GIVEN IN
THE RIVER FLOW SECTION

STATION RIVER NAME AND STATION NAME SEE STATION RIVER NAME AND STATION NAME SEE
NUMBER PAGE NUMBER PAGE
3003 OYKEL AT EASTER TURNAIG 97 2HO80 TAME AT LEA MARSTON LAKES 197
4001  CONON AT MOY BRIDGE 97 28082 SOAR AT LITTLETHORPE 108
7002  FINDHORN AT FORRES 97 29003 LUD AT LOUTH 108
D80S SPEY AT BOAT O BRIG 46 1730001 WITHAM AT CLAYPOLE MILL 60
8007  SPEY AT INVERTRUIM 97 30004 PARTNEY LYMN AT PAR'I'NH"{ MILL 108
%002 DEVERON AT MUIRESK 98 31002 GLEN AT KATES BRIDGE (TOTAL) 108
10002 UGIE AT INVERUGIE 98 31007 WELLAND AT BARROWDEN 109
11001 TXON AT PARKHILL 93 D3200f NENE AT ORTON 61
D 12001 DEE AT WOODEND 47 32003 HARPERS BROOK AT OLD MILL
13007 NORTH ESK AT LOGIE MILL 93 BRIDGE 109
13008 SOUTH ESK AT BRECHIN 99 32004 ISE BROOK AT HARROWDEN OLD
14001 EDEN AT KEMBACK 9 MILL 109
D15006 TAY AT BALLATHIE 4B D 33002 REDFORD OUSE AT BEDFORD 62
15011 LYON AT COMRIE BRIDGE o 33003 CAM AT BOTTISHAM 109
16003 RUCHILL WATER AT CULTYBRAGGAN 99 32 KYM AT MEAGRE FARM 110
16004 EARN AT FORTEVIOT BRIDGE 100 33013 SAPISTON AT RECTORY BRIDGE 110
17001 CARRON AT HEADSWOOD 100 3314 LARK AT TEMPLE 110
17002 LEVEN AT LEVEN 100 33024 CAM AT DERNFORD 110
18003 TEITH AT BRIDGE OF TEITH 100 3001 YARE AT COLNEY 111
18005 ALLAN WATER AT BRIDGE OF ALLAN 101 34002 TAS AT SHOTESHAM it
D 19001 ALMOND AT CRAIGIEHALL 49 D 33006 WAVENEY AT NEEDHAM MILL 63
20001 TYNE AT EAST LINTON 101 35002 DEBEN AT NAUNTON HAILL 1E1
21006 TWEED AT BOLESIDE 101 D 36006 STOUR AT LANGHAM 64
0D 21009 TWEED AT NORHAM 50 37001 RODING AT REDBRIDGE 111
21012 TEVIOT AT HAWICK 101 37005 COLNE AT LEXDEN 12
21018 LYNE WATER AT LYNE STATION 10y 37010 BLACKWATER AT APPLEFORD BRIDGE 112
21022 WHITEADDER WATER AT HUTTON 383001 LEE AT FEILDES WEIR 12
CASTLE 102 D 33003 MIMRAM AT PANSHANGER PARK -]
322001 COQUET AT MORWICK 51 38007 CANONS BROOK AT ELIZABETH WAY k12
22006 BLYTH AT HARTFORD BRIDGE 102 38021 TURKEY BROOK AT ALBANY PARK 113
23001 TYNE AT BYWELL 102 D 39001 THAMES AT KINGSTON 66
D 23066 SOUTH TYNE AT FEATHERSTONE 52 39002 THAMES AT DAYS WEIR 113
23007 DERWENT AT ROWLANDS GILL 103 39005 HEVERLEY BROOK AT WIMBLEDON
24000 WEAR AT SUNDERLAND BRIDGE 103 COMMON 13
24004 BEDBURN BECK AT BEDBURN 103 D 39007 BLACKWATER AT SWALLOWFIELD 67
[>25001 TEES AT BROKEN SCAR 53 19014 VER AT HANSTEADS 13
25008 GRETA AT RUTHERFORD BRIDGE 103 39016 KENNET AT THEALE 114
5019 LEVEN AT EASBY 194 39019 LAMBOURN AT SHAW 114
25020 SKERNE AT PRESTON LE SKERNE 104 D 3%020 COLN AT BIBURY 68
26003 FOSTON BECK AT FOSTON MILL 104 35023 WYE AT HEDSOR 14
26005 GYPSEY RACE AT BOYNTON 14 39026 CHERWELL AT BANBURY 114
D 27002 WHARFE AT FLINT MILL WEIR 54 39029 TILLINGBOURNE AT SHALFORD 115
27007 URE AT WESTWICK LOCK 105 39049 SILK STREAM AT COLINDEEP LANE 115
27025 ROTHER AT WOODHOUSE MILL 105 39069 MOLE AT KINNERSLEY MANOR 115
27030 DEARNE AT ADWICK 105 D 40003 MEDWAY AT TESTON 49
D 27035 AIRE AT RILDWICK BRIDGE 55 40004 ROTHER AT UDIAM 115
D 27041 DERWENT AT BUTTERCRAMBE 56 40009 TEISE AT STONE BRIDGE 116
27042 DOVE AT KIRKBY MILLS 105 40011 GREAT STOUR AT HORTON 116
27043  WHARFE AT ADDINGHAM 106 40012 DARENT AT HAWLEY 116
[ 27053 NIDD AT BIRSTXTITH 57 41001 NUNNINGHAM STREAM AT TILLEY
27059 LAVER AT RIPON 106 BRIDGE 116
27071 SWALE AT CRAKEHILL 106 41005 OQUSE AT GOLD BRIDGE 17
[ 25009 TRENT AT COLWICK 58 41006 LUCK AT ISFIELD 117
028010 DERWENT AT LONGBRIDGE WEIR 59 D 41016 CUCKMERE AT COWBEECH i0
28012 TRENT AT YOXALL 106 41019 ARUN AT ALFOLDEAN 117
28018 DXOVE AT MARSTON ON DOVE 107 41027 ROTHER AT PRINCES MARSH 17
28031 MANIFOLD AT ILAM 107

28039 REA AT CALTHORPE PARK 107 continued on p. 43






RIVER FLOW DATA

STATION RIVER NAME AND STATION NAME
NUMBER

42003 LYMINGTON AT BROCKENHURST PARK
42006 MEON AT MISLINGFORD
42008 CHERITON STREAM AT SEWARDS
BRIDGE
D 42010 [TCHEN AT HIGHRRIDGE AND
ALLBROOK
42012 ANTON AT FULLERTON
43005 AVON AT AMESHURY
43006 NADDER AT WILTON PARK
43007 STOUR AT THROOP MILL
44002 PIDDLE AT BAGGS MILL
D 45000 EXE AT THORVERTON
45003 CULM AT WOODMILL
45004 AXE AT WHITFORD
46002 TEIGN AT PRESTON
4600} DART AT AUSTINS BRIDGE
1347001 TAMAR AT GUNNISLAKE
47007 YEALM AT PUSLINCH
47008 THRUSHEL AT TINHAY
45004 WARLEGGAN AT TREGOFFE
45005 KENWYN AT TRURO
48011 FOWLEY AT RESTOMEL
49001 CAMEL AT DENBY
49002 HAYLE AT ST ERTH
D 30001 TAW AT UMBERLEIGH
30002 TORRIDGE AT 'rOﬁRI.\'GTON
D 52005 TONE AT BISHOPS HULL
52006 YEO AT PEN MILL
52007 PARRETT AT CHISELBOROUGH
52010 BRUE AT LOVINGTON
53004 CHEW AT COMPTON DANDO
D33006 FROME (BRISTOL) AT FRENCHAY
33007 FROME (SOMERSET) AT TELLISFORD
53018 AVON AT BATHFCRD
D54001 SEVERN AT BEWDLEY
54002 AVON AT EVESHAM
54006 STOUR AT KIDDERMINSTER
54008 TEME AT TENBURY
54012 TERN AT WALCOT
54019 AVON AT STARETON
54020 PERRY AT YEATON
54022 SEVERN AT PLYNLIMON FLUME
54038 TANAT AT LI,ANYBLODWEL
55008 WYE AT CEFN BRWYN
55013 ARROW AT TITLEY MILL
55014 LUGG AT BYTON
55018 FROME AT YARKHILL
35023} WYE AT REDBROOK
D55026 WYE AT DDOL FARM
D 56001 USK AT CHAIN BRIDGE
56013 YSCIR AT PONTARYSCIR
57008 RHYMNEY AT LLANEDERYN

SEE
PAGE

118
118

18

1
k-]

12
119
119
119

13
119
120
120
120

IR
120
121
121
121
121
122
122

5
122

76
122
123
123
123

77
123
124

78

79
124
124
124
125
125
125
125
126
126
126
126
127

80

81
127
127

STATION
NUMBER

58006
59001
60002
61003
D 62001
63001
64001
64002
D 5001
65005
5000
67008
D 67015
D 68001
68003
69002
69006
69015
70004
D 71001
71004
71010
72002
73005
D 73010
74002
74005
75004
D 76007
78003
TBO04
D 79006
BODD!1
81003
82001
B3003
D 84005
84012
84016
85001
D 85003
D 93001
94001
95001
96001
101002
201005
201007

1203010

D 205005

RIVER NAME AND STATION NAME

MELLTE AT PONTNEDDFECHAN
TAWE AT YNYSTANGLW'S
COTHY AT FELIN MYNACHDY
GWAUN AT CILRHEDYN BRIDGE
TEIFI AT GLAN TEIF1

YSTWYTH AT PONT LLOLWYN
DYF] AT DYF] BRIDGE

DYSYNNI AT PONT-Y-GARTH
GLASLYN AT BEDDGELERT
ERCH AT PENCAENEWYDD
ELWY AT PONT-Y-GWYDDEL
ALYN AT PONT-Y-CAPEL

DEE AT MANLEY HALL

WEAVER AT ASHBROOK

DANE AT RUDHEATH

IRWELL AT ADELPH] WEIR
BOLLIN AT DUNHAM MASSEY
ETHERQOW AT COMPSTALL
YARROW AT CROSTON MILL
RIBBLE AT SAMLESBURY
CALDER AT WHALLEY WEIR
PENDLE WATER AT BARDEN LANE
WYRE AT ST MICHAELS

KENT AT SEDGWICK

LEVEN AT NEWHY BRIDGE

IRT AT GALESYKE

EHEN AT BRAYSTONES

COCKER AT SOUTHWAITE BRIDGE
EDEN AT SHEEPMOUNT

ANNAN AT BRYDEKIRK

KINNEL WATER AT REDHALL
NITH AT DRUMLANRIG

URR AT DALBEATTIE

LUCE AT AIRYHEMMING
GIRVAN AT ROBSTONE

AYR AT CATRINE

CLYDE AT BLAIRSTON

WHITE CART WATER AT HAWKHEAD
LUGGIE WATER AT CONDORRAT
LEVEN AT LINNBRANE
FALLOCH AT GLEN FALLOCH
CARRON AT NEW KELSO

EWE AT POOLEWE

INVER AT LITTLE ASSYNT
HALLADALE AT HALLADALE
MEDINA AT UPPER SHIDE
CAMOWEN AT CAMUOWEN TERRACE
BURNDENNET AT BURNDENNET
BRIDGE

BLACKWATER AT MAYDOWN
BRIDGE

RAVERNET AT RAVERNET

A "D’ indicates that the featured station is in the daily flow scction

SEE

PAGE
127
128
128
128
82
126
12¢
129
83
129
129
130
84
85
130
130
130
131
131

131
131
132
132

87
132
£32
133

K8
133
133

83
133
134
134
134

134
135
135

9t

92
135
135
13
136
136

136

9
94

45
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HYDROLOGICAL DATA: 1986

008006 Spey at Boat o Brig

Measurning authonty: NERPB
First yoor: 1952

Daily mean gauged discharges (cubic metres per sacond)

DAY JAN FEB MAR APR
4 12270 48 420 23.190 50.740
2 62 220 46.100 25.270 52 630
3 52 140 44.730 26 700 52.990
4 45620 43590 113300 51650
[ 43 450 42510 196 400 51980
i1 40 210 39830 120 000 49120
7 37.080 38510 89.970 44 580
a 38 240 38210 98.770 a0 470
9 40 610 37 200 130 900 39 450
10 149 000 35900 123.300 39 860
11 122 700 33.760 102.500 42,180
12 125 400 33.350 114 500 55 960
13 191.40Q 31.870 90.610 50470
14 287100 32 950 91 060 47 610
15 257.500 32410 189.500 45 360
16 154 200 32.820 196 800 5C 680
17 113 700 32160 144 700 46 530
18 114.900 31.480 99 710 46 750
19 94 820 31050 75 300 51.320
20 106 900 30 440 68 730 77110
1 159.100 30020 72.850 &8 390
22 109 800 28,700 161 700 B4 660
23 88.960 28 200 180600 76 680
24 72770 28.160 138.000 69 200
25 83510 27 440 102500 83070
26 612330 25 070 84.530 66.240
27 63 910 23.480 76 630 75 360
28 59 580 22 390 7% 200 79 490
29 58 750 62110 70920
30 54 270 61.840 77 730
N 51000 55130
Averngo 97 08O 33940 103000 57 310
Lowasl 37 080 22 390 23190 39 450
Highast 287 100 48 420 196800 84 660
Paak flow 392 400 49 540 243 600 123 500
Day of poak 14 1 22 30
Monithly 1ot
imitkon cu m} 260 00 gz mn 276.20 148 .50
Runoff {mm} 91 29 87 52
Rowipll (mem) 185 36 101 67

Lavel stn. {m QD).

MAY Jus
149 200 70 7180
126 Q00 G2 140
107 600 58 150
101 200 56.680
102 600 62 540
98.820 58 770
100 300 47 790
108 100 43 240
87 890 45 280
99 940 167 800
133400 137.900
111 000 a2 880
126 100 65 290
103 700 57 340
8% 100 52 B6O
78 100 49120
63 B50 83.830
78 270 114 300
85 390 69.430
13940 54 490
75 490 47140
69.800 42 410
67 600 39 200
66 780 37150
64 810 36 130
£8 430 s 790
98 650 33070
94 810 1630
B6 370 29970
76 040 28 430
81810
93 260 60 040
63 850 28 490
149 200 167 800
165 600 326 900
1 10
249.80 155 60
87 54
10 70

Statistics of monthly data for previous record {Oct 1952 12 Dec 1985|

Maon  Avg. 84 990 71250 73070 69 4%0 58 330 41 790
Hows: Low 41 070 26 470 35 750 33 580 26 910 17 890
{yoar} 1979 1963 1964 1974 1980 1961
High 145900 159,100 145300 135200 103400 103000
tyuar) 1983 1962 1978 1979 1968 1966
Aunoit. Avg. 80 61 68 63 55 e
Low 38 22 32 30 25 16
High 137 135 136 122 97 3
Rontall Avg 107 70 [:10] 64 77 74
Low 38 28 29 19 24 30
High 183 123 179 128 146 181
Summasry stotistics
For 1986 For record
preceding 1986
Man How {m™s ™"} 66 930 64 410
Lowast yoorly moan 44 200 1972
Highast yoarly mean 82 810 1954
Lowes! moninly mear 24 150 Jul 11310 Aug 1955
Highas1 montnly moar 108.800 Coc 198 600 Dec 1954
Lowasi daily mgan 18.960 21 Jul 9.311 16 Aug 1955
Highast coily mean 287100 14 Jsn 1089 000 17 Aug 1970
Paok 392 400 14 Jan 1675 000 1} Aug 1970
10 %ilo 126.800 120 600
50 %ila 54 530 49 68D
85 %iln 22270 19 180
Anngal total (irulbon cu mj 2111 00 2033 00
Annual runoll {mm) 738 no
Anrgst ranfall (mm) 1214 1106
[1841-70 rainfall avarsge {mmy 1168|

Station and catchment description

Gred reference: 38 {(NJ) 318 518

4110

AR
27370
26 550
25 880
25 380
24 860

24.260
23 740
23 890
23.190
232710

23.070
22 520
22 270
22 080
21550

21290
2090
205720
20.510
20310

19 960
20 750
22,790
23470
22 680

21 620
20 840
22 040
23280
24 940
83010

24150
19 860
63010

92.940
N

64 68

23
66

39910
17 910
1984
79 860
1980

37
17
75

87
20
158

1986
As % of
pra- 1986

104

105
110
16
104
104
110

1986

Catchmant area (sq km): 2861.2
Max att. {m QD). 1309

AUG SEP ocT NOV oL
56 400 65 790 27.720 91 610 610980
67 170 52 650 26.580 68 270 60 450
54 940 48 570 26 170 58470 113000
57 500 43520 25 730 539%0 140 400
64 950 39.280 25 160 502310 162 200
51.520 36 550 24 B30 51 840 126 300

119 700 35580 25.000 47 830 224 800
132 300 35 6580 25.740 64 660  195.600
67 240 34 440 25 240 126 500 143 600
43 550 32970 24390 184200 100100
41 660 38 180 23 600 124 900 160 100
43 360 42 720 23.100 92950 117 800
35 600 371070 22580 75020 123 700
40 680 3010 22430 B0 180 90 380
41 540 39670 22 110 86 050 71820
68 69C 38 880 21950 98 170 61030
65 590 35 810 21720 97 030 55 460
50 480 34 560 21.610 73.630 70770
53 180 1 500 21 6%0 60 750 64 320
50 830 29.860 22.590 52010 59 500
43570 28 600 24 550 46 120 61 600
39420 28 380 30 850 48 720 61970
38.190 27 950 34120 79 350 51090
39,990 27 330 33720 87 080 102 100
36 830 26 980 89.710 107.700 180 700
33700 32.550 §95 970 98 670 100 300
52 810 32.700 73 180 80 380 75 050
125 500 29 960 71820 733%0 120600
176 600 29 680 67.340 61.240 177 900
116 BOO 29190 158 900 58180 129.600
79 660 131 700 101 000
64 080 36 220 41670 79 260 108 BOO
33 700 26 990 21610 46 120 51 030
176 600 65790 1588900 184200 224800
228 300 74950 203800 225600 275600
H 1 0 g ?

171 60 9389 111 60 20550 291 30

60 33 39 72 102
130 40 99 V20 180
48 870 50.670 69.460 77 V10 88070
1210 14 090 13 340 30140 38 790

1955 1972 1972 1958 19716

119 600 105 500 153 500 147 000 198 600

1956 1965 1981 1984 1954

46 a6 55 70 82

1 13 12 27 36
142 96 144 133 186

98 98 125 112 14

19 21 30 12 11

188 178 335 213 21

Factors affecting flow regime

® Regulauon for HEP

Lowas! stetion currontly operating on tha Spey. Cableway rated 65m wide secuon with natural control. axtreme floods bypass station on left
honk. 380 5q km developed lor hydro-power with diversions and storage. Mainly grarutes and Moiman matamorphics Some Dalradan and a
little Old Red Sandstone. Mountain {includas all northern slopes of Cairngorms), moorland, hill grazing and some arable. Forasiry




RIVER FLOW DATA

012001 Dee at Woodend

Maasuning authority: NERPB

Firat yoor: 1929

Daily mean gauged discharges {cubic metres par sacand)

Gnd reference. 37 (NOJ 635 956

Lavol stn {m QD) 70.60

Day JAN FEB MAR APR MAY JuN AR
1 28.920 23930 1070 26110 162 80O 54.520 13.500
2 29.210 22.480 10 380 25880 112100 48170 12.910
k] 23550 22.550 12 660 26 250 S0 800 43 830 12470
4 18.780 22100 34180 25.120 95 180 38 930 12 080
5 21.630 21070 99530 24 510 95 500 37 440 11670
B 19.49¢ 19 340 55.630 23130 91 100 23270 10 9%0
7 18.760 19.720 43 050 22850 112200 28870 10 340
8 19.280 19 720 59300 21.230 104 000 27.340 10.120
4 20 450 18 820 93.660 205230 74410 31 290 9867
10 125400 17,620 8% 420 20,790 129.700 §3.280 2801
11 62120 16 220 69.350 19 720 121.100 12 580 10 050
12 55210 16.920 83 080 26 540 102 900 48 040 9426
13 111 BOG 15 780 61.590 26 770 117 BOO 42 560 9.105
14 139 800 16 280 87.110 27 920 16 200 39 660 8835
15 107 500 15050 231 80O 26 510 61.730 36 710 8 607
16 52.990 15840 215 100 30120 58 840 33.590 8419
17 47 BBO 15.720 94 510 27 450 55370 56 230 8 585
18 48 500 15 230 61.370 29930 95 530 59 510 B.443
19 40 900 15110 47.900 33 400 18 660 35810 8043
20 646820 14.700 64 220 65 230 64 240 29 780 7819
P 75.600 14.060 56 020 52810 84 600 25 BS¢ 7412
22 45 650 3a0 178 300 47.320 64 820 23071¢ 7 249
23 36.450 13.630 498 110 37930 62.900 21 300 7920
24 27.140 14 070 §7.290 38 280 50 850 20160 9 620
25 24 750 13.270 48 010 43 060 53.550 20 520 a7
28 25 600 11.920 41470 48 B4O 91470 19 580 8 211
27 26.030 10 300 40 050 56.220 116 500 17220 1.708
28 26.900 10 410 36 970 6B B4Q 72180 16 520 9 056
29 25 600 33.640 56 180 &1 8420 15 370 11 200
30 27 350 32 720 78 080 53670 14 370 1t 430
N 25.340 28.770 63 560 26 830
Avarago 46 100 16 840 01110 35920 85.950 36 390 10 210
Lowest 18.760 10 410 10170 19 720 $0.850 14 370 7 249
teghost 139 800 21930 231800 78080 162 800 93 280 26.830
Poohk flow 215800 24.920 273.900 155100 188 600 162 500 47 540
Day of poak 14 1 22 30 1 10 N
Monthty 101al
(mihon ¢y m) 123.50 40.25 187 9C 93.10 230 20 94 12 27 34
Aunoll (mm) 90 29 137 68 168 69 20
Aaintak imm} 186 57 96 a8 135 €8 49
Statistics of monthly data for previous record (Oct 1929 to Dec 1985)
Moan  Avg. 47 850 40.490 42 000 45170 35 550 22 280 18.370
flows: Low 15 450 13.420 15 160 11370 12.130 7342 7 288
tygar) 1840 1947 1973 1938 1946 1940 1984
High 127 800 90.110 88 880 113.300 77100 56 08B0 36 o
(yoor} 1937 1945 1977 1947 1851 1948 1858
Runoli: Avg. 94 2 a2 85 0 a2 386
Low 30 24 3o 22 24 14 14
High 250 159 173 214 151 106 12
Raintall: Avg 119 75 76 69 80 67 89
Low 36 10 16 12 21 16 24
Hgh 374 148 175 196 179 160 206
Summary statistics
1986
For 1986 For record A3 % of
proceding 1986 pre-1986
Maan flow {m?s=") 39.180 36 400 108
Lowost vearly maen 24190 1973
Hejhost yaarty meon 49.050 1982
Lowest monihly rmagan 10.210 Jul 5141 Aug 1984
Highist monthly maan 85.950 May 138 200 Oct 1982
Lowaost dolly moan 8339 17 Qc: 3536 27 Aug 1976
Highost doily mean 231.800 15 var 648 500 24 Joan 1937
Pask 288 900 70uwc 1133000 24 Jan 1937
10 Nilo 88.750 72 620 122
50 %o 27.070 25530 106
85 %ile 7.6%1 B 386 91
Annusl total {rmikon ¢u m} 1238 00 1149 00 108
Annual runoff (mm) 902 838 108
Annual raintall (mm) 1231 1119 110
[1941-70 ta nlall average (mm) 1158!

Station and catchment description
Cabluway rotod. fairly stable natural control. Present station, built in 1972, replaced earher stauon flow records from 1929, chart records from
1934} on samo roach (Carnton; ¢/m maasurements at Woodend} - established by Capl. McClean. Earlier stalf gauge record dates from 1911

No regulation, linle natural stornge. minor absiractions. Dalradian and Moinisn metamorphic along most of the valloy. flanked by ignecus

intrusive. Mountain, moorland, forastry. pasioral and soms arable in the vallay bottom.

AUG
20 620
61710
34 480
37 730
34 850

26 180
73 760
64 240
36.170
26 640

21.540
18 290
16 290
2760
21180

43270
28 250
22 010
19 370
18970

16 960
17 300
15 340
15 00O
14 Qag

13.370
17.770
45 090
56 120
42 680
31220

30.250
13370
73 760

103 600
2
8103

69
128

22 380
5141
1984

63 860
1948

44
V0
125

9%
13
185

SeP
28.680
21 500
18.900
17 080
15.210

13.860
13520
13 380
12.490
12010

11940
12 2410
11870
12370
11930

11.840
11.020
10 900
10 310
10 000

9 641
9328
9278
8.932
8697

8.780
9231
8.7%6
8.742
9415

12430
8697
28 680

32.580
]

22

24
24

26 250
849
1972

71820
1830

50
12
136

96
13
227

1986

Caichrnant area {sq km) 13700

ocT

8.534
8228
7.958
780
7 666

7616
7 556
7641
T 442
7.354

7082
6 794
6 687
6 480
& 557

6 435
6 339
6 341
6 653
6.722

7002
8198
7762
8472
64 950

39.520
30 580
27 850
23970
100 400
43 740

16 330
5339
100 400

144 300
30

43 74

32
80

39.760
6 798
1972
138 200
1982

78
13
270

119
8
310

Max all {m QD) 1310
NOV oEC
27 710 27 810
21.550 26 300
20 530 66 020
19.430 11 500
18930 120 500
20110 56 350
19 000 173 600
24 560 85 040
113 000 64 070
146.600 51910
59170 140400
41 700 83820
44 400 97 020
84.750 48 660
71880 41170
110 200 35.740
59.550 33.730
42 840 37070
L 34.470 28 560
28 190 25 910
23.79%0 26 610
39 190 23830
59.010 25 060
51010 a7 500
67.630 97 140
41.130 42 980
a3 270 32.320
344790 77.630
29 100 6 No
27 900 45 810

41 460
47 180 59 740
18.930 23 830
148 600 173 600
225200 288 900
9 ?
122 30 160 00
B89 17
126 194
47 370 49 530
12 230 22 020
1983 1976
127 500 108 400
1984 1954
90 97
23 43
241 212
115 119
22 43
320 282

Factors affecting flow regime

@ Natural to within 10% at 95 percenule flow.
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HYDROLOGICAL DATA: 1986

015006 Tay at Ballathie

Maopsunng authonty. TRPB
Firat yoor: 1952

Gnd roference: 37 (NO) 147 367
Leval sin. {m OD} 26 30

Daily mean gaugad discharges (cubic metras per second)

CAY JAN FEB MAR APR MAY JUN AN
1 206.848 159.8532 £9 283 176827 298489 178 7197 57871
2 186 319 151.569 53 095 166.365 207 294 163 399 56 423
3 151 544  150.390 56.583 159014 200 111 142475 57 535
a 136 015 144 987 155255 152209 203.42% 129 991 55416
5 132826 132,715 374031 149020 209.110 120748 52 313
L] 121833 131996 291.772 142 584 235 511 110 283 50 B45
7 121953 130424 251807 137270 295390 101545 49 124
8 109 447 120212 256.748 126 583 307 668 94 35% 47 382
9 115373 114,796 347955 123.879 257.074 117 669 47 112
10 414574 111189 325424 115948 418253 192 847 47.255
1 367.192 102 777 296.408 107.715 424585 167 957 46 724
12 385 81\9 103 683 297 807 92 793 402 0N 124 677 46 365
13 539 168 99 561 262.178 95 136 482635 112207 47 627,
14 6§78 202 98.773 288 8953 98 562 346 18D 103 664 48 155
15 473 642 82 B27 463593 121065 296 17 98 950 49 569
16 366.609 82.359 573 465 119.739 262.174 80.854 48 998
17 2318648 86771 373 624 100279 287010 124 922 a9.728
18 294 982 92.293 327590 99.438 398882 150550 48 651
19 272972 94 717 292 394 91713  318.151 115.280 48 B56
20 408 447 9429+ 347150 128 554 289 740 9231 43 068
21 436.222 96.422 339.22 125391 349784 84 507 48.839
22 359412 BO.OBO 613774 116.724  333.2%1 77 853 43 621
23 347.193 76131 549219 108261 331113 74 755 49 432
24 307 565 82198 431173 105 961 345 554 71639 43 360
25 265 865 76514 159913 108369 265166 72704 48 692
28 236 681 71457 322480 110419 446 146 67 731 50 187
27 242.0N 74365 310960 110816 540536 66814 52 274
28 218 761 73.522 274 457 146 043 358537 66 946 57 819
29 210 487 235071 138730 292 498 63 700 63 650
0 2020719 199 920 182 395 253 283 60 711 64 431
N 192.755 186.4B6 199 442 99 720
Averopa 281 100 104 200 207 000 125 200 321.100 108 000 52 B70
Lowas! 109 447 71.457 53 095 91713 199 442 60 711 46 365
Highasy 578.202 158853 §13.774 182395 540536 192647 99 720
Pank flow 748.322 185330 906082 291918 635896 207880 114 663
Day of pook 12 1 22 30 27 10 k]|
Monihly 10101
{mhon cu m) 754 40 252.00 822 3C 324.60 860G 10 279.80 141 60
Runof! {mm) 164 55 179 FA| 1898 61 kR
Romnlall immij 211 29 190 61 214 57 68

Statistica of monthly data for pravious record {Oct 1952 tc Dac 1985)

Mosn Avg. 235200 202900 198000 144700 117200 80 650 67 350
flows Low 92910 52 560 69 380 15 210 45 500 42 080 31390
[yosr} 1963 1962 1953 1974 1980 1957 1984
Hgh 515800 353700 424800 231200 220800 190400 126 000
{yaor} 1974 1962 1967 1960 1983 1966 1985
Runoff: Awvy. «37 108 18 82 &8 46 39
Low 54 28 41 43 27 24 18
High 3N 87 248 I 135 108 74
Raintad: Avg. 154 101 15 12 a7 84 94
Low a3 N as 10 26 49 21
Hgh 393 182 224 150 200 181 169
Summary statistics
1986
For 1986 For rocord Ax % of
precetng 1986 pre-1986
Mean flow (m?s~ ) 197.100 158.100 125
Lowast yoarly mean 107 300 1955
Highast yoarly moan 207 900 1954
Lowas: monthty maon 50 930 Sep 14 690 Aug 1955
Highes1 manthly maan 430 900 Doc 515 800 Jan 1974
Lowns! daly misnn 40.738 25 Sop 11 460 & Aug 1955
Highest daity mean 748.863 5 Dec 1223 000 27 Nov 1954
Panx 906.082 22 Mar 1570 000 30 Jan 1974
10 %o 416.400 307.400 135
50 Ko 136 900 127 600 107
95 %ila 45 500 42 B4D 106
Annual total (mellion cu m) 8216.00 4989 00 125
Annual runott {mm} 1355 1088 125
Annusl cantall {mm} 1691 1421 19
[194 1-70 roinfol svarege immj} 14432|

Station and catchmeant description

1986

Catchmant area (sq km)- 4587 1
Max plt. im QD) 1214

AUG SFP oct NOV DEC
78914 81835 48532 250571 333 051
162 532 77 420 50 2358 213357 358 459
129151 T4 713 47 860 219854 598 414
118.114 0779 4% 750 199 899 585 034
115 350 62.236 44950 217876 748963
120 440 54 778 45282 211415 531134
151.248 52 850 46 302 221.156 712 669
134 888 55 776 47.427 208.145 542.540
121 219 51469 49 639 450022 470 244
108.602 49.239 50 623 553160 418998
103 784 48 450 52595 389.139 707 664
83 261 47 857 43584 321158 526674
B2 733 47170 46970 330876 GO9 959
172 816 45 991 45 149 401 7686 440 796
136 761 45 214 44971 193130 393610
256 138 44 990 44004 569768 313527
177.783 44 338 422617 428722 329.141
153 214 44 285 43 208 368.537 164.123
151.440 49 779 47178 325271 316888
164 137 47 255 50656 290672 28B.685
160.596 44223 74 110 2356380 260935
85 048 42 881 107 825 353006 244 821
83.367 41.199 117995 413898 218574
78 051 40922 176947 196 119 758 571
74 821 40738 273158 524 103 387 902
72 801 43013 177961 418328 296 302
74 645 A1 066 196 741 401681 260924
76 939 41217 181.637 375.848 451.603
94.420 47060 214813 323.238 474424
82 166 49208 4950115 314 B64 453437
81571 330610 423 502
118 900 50 930 106 000 344300 430.800
72.801 40 738 43208 199899 218574
256 138 81835 490115 S589.768 748 963
344 097 8293y 617302 743960 896270
16 1 30 16 6
3'R.60 122 00 283 80 89230 1154 00
69 28 62 195 252
1 33 159 254 304
85860 122700 187700 212700 244200
14.690 40 650 39 680 89.160 112 8OO
1955 1955 1972 1972 1942
286100 283900 330500 407.700 491400
1985 1985 1982 1984 1954
50 €9 110 120 143
9 23 23 50 66
157 16¢ 228 230 287
107 135 149 148 167
14 " 63 38 64
250 266 269 an 274

Factors aftecting flow regime

® Reservoir{s) in caotchment,

® Rogulation for HEP.

® Abstraction [or public water supplies

® Flow reduced by industnal and/or
agricultural abstractions.

Velocily-ored station with cobloway. 90m wide The most d/s station on the Tay. records highast mean flow in UK Since end of 1957, 1980 sq
km [43%) controllad for HEP; thare was some control pnior to thus. 73 sq km conirolled for watar supply. Caichment is mostly s1eap, cOmpnsing
mountains and moorland; axcoptions are lower valleys. Mainly rough grazing and forestry. Geclogy: mainly metamorphics and granites. but

lowor 20% (Islp vallay) 1s QOld Red Sandstone




RIVER FLOW DATA

019001

Maeazuring outhonty: FRPB

Gnd reforonce:

Almond at Craigiehall

36 [NT) 165 752

1986

Carchmant area {sq km): 369 0

First yoor: 1957 Level s1n. {m OD}: 22 90 Max alt {m OD): 518
Daily mean gauged discharges [cubic metres psr second)
DAY JAN FEB MAR APR MAY JUN gy AUG SEP ocT NOV DEC
1 5679 12136 2253 4652 7420 3.274 1453 1613 1279 1.165 6 396 5030
2 8.259 6.359 2018 4.170 5320 2914 1439 3553 7733 1127 4562 40 329
3 4526 B8 815 2.394 3.850 4 663 2.583 1437 3092 17 493 1096 4733 45 335
4 3.7 7.884 51959 3581 4323 2 254 1506 3.507 4.907 V027 4087 31118
& 3.506 6 395 24 486 3.362 5.268 2018 1417 4554 3624 t 042 10.720 51945
[ 3.095 5.388 14 654 3289 5 369 1885 1290 19373 8.373 1413 6076 16 646
7 2.934 4821 9.608 3.261 5064 1825 1349 19 886 4 064 1327 15 414 11013
8 2955 4397 1.103 3226 17 569 1776 1369 7 856 2.853 1163 23040 20 046
9 9.545 4073 5813 3051 15 024 2836 1322 4303 2.314 1141 19.783 28923
0 44 929 3 862 5.388 2.845 38 854 W24 131 3180 1.941 1073 10 936 11 7486
11 49.378 3420 4574 2556 12512 8229 1285 2502 1736 09386 7 250 11879
12 28010 3250 3853 2492 10 437 §Da2 1243 2220 1.609 0 867 5791 10152
13 27283 3156 4045 2.536 8 068 4.748 1266 2692 1423 0935 9 309 9690
14 30 293 3029 3821 2639 § 440 3523 1248 2904 1364 1.140 12 798 7 148
15 13.967 2.848 3593 11,797 5502 2.982 13an 7934 1.285 1078 9.680 99
18 8.788 2.782 3332 37 986 4.105 2.604 1.505 14 530 1.208 0.918 8529 10 132
17 7.437 2 808 3268 25 050 361] 9327 1365 5 787 1193 0851 11624 37 400
8 14 404 28N J 168 21.786 3.712 7.938 1 249 5 406 1.180 0834 14 8OO 15 465
19 24.253 2.788 3224 19.731 3163 4.295 1227 4 403 1113 2757 B aa 10 825
20 23 604 2.800 10 115 28 89 3.023 3136 1290 3967 1.129 3776 6 046 7.974
n 18 776 2.628 96237 13 384 3.497 2663 1188 23893 1.110 20152 5072 6 307
22 24 0G0 2541 29 338 15 339 3718 2379 1.212 2990 1167 18.434 11628 5087
23 16773 2555 35821 18 520 341 2238 1194 2292 1145 $ 970 13181 4411
24 9.202 2524 20283 12.100 2857 2133 1045 1901 1137 8.802 25 962 10 895
25 6163 2 564 14 329 8 842 3695 2068 1032 1 802 1051 12.169 36 606 11753
26 5627 2.303 9 349 7292 B8.695 1876 0937 4 B66 1.272 5 698 12 587 1872
27 6577 2250 8429 6017 9.083 1 6BS 1155 2.973 1218 11 840 8 660 1 385
28 5 552 240 6 604 5 663 5.9%1 1510 6 255 211 1.161 13994 6 491 11349
29 5 060 6 8561 527 3829 1509 9.941 1767 1179 16.059 5 556 20939
30 18.180 6421 11 882 3123 1451 4 961 1494 1206 30 795 4 988 94 417
31 19.976 5572 3.352 5781 1349 11 792 42 748
Avorags 14,530 4133 10 380 9.840 8.589 4028 1958 4.894 2 686 5 899 11020 19 860
Lowes1 2.934 2250 2015 2.492 2.857 1451 0937 1.349 1.051 0 83a 406/ 441
Highes1 49378 12136 51,959 37.988 50 641 28124 49941 19 886 17 493 30.795 36 606 94 417
Pask flow 84165 15.499 80 477 44194 a7 798 64 514 17 701 39.820 40987 41035 61863 166047
Day aof pepk 1¢] 1 4 20 10 10 ?9 6 3 30 25 30
Monthly 10101
{mison gu m} 892 1000 27 2551 23 00 10 44 525 131 695 15.80 2857 5320
Runott {mmj 105 27 H 69 62 28 14 36 19 43 27 144
Romfall fmm} 123 28 a3 B89 109 62 10 99 a2 101 13 179
Statistics of monthly data for previous record (Jan 1957 10 Dec 1985)
Moan  Avg B8.863 7402 6226 4.065 3029 2 360 2292 3068 4 665 6 185 9430 B8 953
flows Low 3.574 1782 1.918 1.409 1091 0817 g 951 0868 06868 0.668 1862 3016
ygps) 1963 1863 1973 1974 1861 1961 1960 1983 1959 1972 1972 1975
High 16 300 15 450 14 300 8374 11 70 8572 9224 8 568 20 360 15120 21 680 16.280
[year) 1984 ‘984 1979 1972 1968 1966 1958 1985 1985 1981 1963 1974
Runoff: Avg 64 49 a% 29 22 17 17 22 33 45 66 65
Low 26 12 14 10 8 [ 7 6 5 5 13 22
Hgh 138 108 104 59 Al 80 67 52 143 110 152 118
Ronfoll; Avg. 78 55 66 439 61 50 1? 82 91 87 93 83
Low 28 17 22 2] 18 24 23 13 14 23 19 21
High 145 107 127 88 123 136 173 142 195 177 190 154
Summary statistics Factors affecting flow regime
1986
For 1986 For record As % of @ Abstraction for public water supples
proceding 1986 pre-1986 ® Flow reduced by industrial andfor
Moan flow (m’s~") 8.199 5 536 148 agniculiural absiractions
Lawost yearty moon 2.890 1373 ® Auygmaentation from effluent returns
Heghast yearty meon 1518 1985
Lowost monthly moan 1.958 Jul O 668 Sep 1959
Highast monthly mean 19 86O Ooc 21.660 Nov 1963
Lowast daily mean ¢B83a 18 O 024 9 Oct1 1959
Highast taily moan 94.417 30 Dec 142 300 21 Sep 1985
Poak 166.047 30 Dnc 199600 3 Nov 1984
10 %ily 19 890 12 650 157
S0 %ailo 4 386 2.761 159
05 %o 1121 3 858 131
Annyal 1018l mil'ion ¢u my 258 60 174 70 148
Annual runofl (mm) 701 473 148
Annuol rainfalt (mm) 1098 8717 125
[1941.70 tmintall savorage (mm) 914§

Station and catchment description

Tha racordar 1s woll sitadd on a siraight even reach with staap banks wiich have contained all recorded floods. Stable rating over the penod of
racord. Somo adjusimeni to stago 1s required 1o accommodate waed growth in the summer, Low flows are substantally atfected by sewage
affluant aspecisily from Mid Calder. There is an absiraction 81 Almondell to feed a canal. A number of storage reservoirs are situated in the
cotchmont. Gaology - prodominantly Carboniferous rocks. Land use - rural with several small mining towns.
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HYDROLOGICAL DATA: 1986

021009 Tweed at Norham

Gnd retference 36 (NT) 898 477
Lovel stn. {m OD): 4.30

Meosurning outhonty: TWRP
Firsy yoor: 1962

Daily mean gauged discharges (cubic metres per sacond}

1986

Catchment area {sq kmj. 4390 0
¥ Max alt (m OD) 839

DAY JAN FEB MAR APR MAY JUN JUL
1 90.834 133.835 29 792 64 005 B2.699 66 662 23 BEG
2 106130 107413 27611 60 331 66 065 59.185 22.29
2 91356 114.218 27.288 60577 57.996 55 862 21.593
4 69.316 102977 333473 62 256 53.710 51256 21396
5 65.832 88.071 511151 685 273 51.414 47 568 21859
6 61.209 78.038 218132 51768 62.194 42 a1 21202
7 54.727 70.497 139.117 53242 231048 40 257 20052
8 52.011 65.004 117051 S5 211 149 330 36 633 19 136
9 $4 515 60.426 121,581 48 799 101 755 55.849 19.860
10 378 992 56 208 110 398 450N 140 532 135 558 18 664
n 224830 47,630 96 180 41370 121 720 105 224 19.254
12 185 855 49 445 82 403 41510 103663 64 750 18279
13 208.665 48.034 72526 42930 142399 57.056 17.418
14 284 854 45 288 65 318 45 778 114 110 50 367 17 328
15 214351 43.128 80532 141683 92 734 44 079 17 094
16 141.242 412377 79 457 340558 77.427 29675 17517
17 113589 40.060 18 242 258826 10023 75 207 16 439
18 123 554 39410 63 892 172 565 128 283 130 447 16.575
19 210837 39.978 65 765 143 849 96 832 69 862 16 OB4
20 212979 37031 09208 236963 72676 55 268 15 268
21 233.959 37.229 106839 176506 130 269 47 M2 15.060
22 212397 33102 182 430 142698 152726 42 859 14 635
23 169191 32180 258082 141150 117775 40122 16 383
24 138 5186 J3arzs 153 618 119 187 94 632 37 527 16 509
25 106941 34238 117.272 101403 195 242 37 422 14518
26 91.905 29 984 100 493 B9 472 176 460 34 544 14 036
27 92.900 28.398 100.304 78813 153.603 30 904 13 694
28 85570 31.423 98.122 71181 120475 28 670 16 110
29 80 039 97 407 71254 103 652 26 896 a0 713
30 137.515 84 835 74 227 80 537 25 216 35 284
n 175 304 71853 75 567 63 295
Avarago 144.200 56.040 122 600 103 000 110 200 54 510 20 860
Lownst 5201 28393 27.288 41370 51414 25216 13 694
Highest 378.992 133835 511151 340588 2310438 135558 63285
Paok flow 878506 155957 694.331 428942 359616 244 763 95 083
Cay of poak 10 1 5 15 ’ 10 n
Manthly 1otal
{rmellion ¢y my) 386.10 125 80 328 40 267 00 295 20 141 30 54%.23
Runolt (mm) 88 n 5 61 67 32 13
Roinfakt (men) 123 38 80 93 133 81 64
Statistice of monthly data for previous record (Dct 1962 to Dec 1985)
Moan  Avg. 120 20Q 102200 102 100 67 440 56 320 36670 31250
flows: Low 50320 37180 26 290 25 180 17 950 15 550 116840
{ynar) 1972 1963 1873 1974 1980 1974 1984
hgh 249700  173.200 226400 142200 153 300 66 210 85 330
{ynat} 1982 1978 1963 19793 1967 198 1985
Runotf  Awvg 13 52 83 40 34 22 19
Low k] 20 16 15 13 9 ?
High 162 99 144 84 94 a9 52
Ro nipll- Avy. g4 64 82 58 5 8% 13
Low 4% 15 Fa 12 22 25 24
High 165 125 138 S8 81 128 160
Summary statistics
1986
For 1986 for record As % of
pracading 1986 pro- 1986
Maaon llow im?s~ '} 93.180 76.710 121
Lowos1 yoarly masn ERRRI¢] 1973
Highast yoarly moon 102 400 1963
Lowes1 monthly mean 20.660 Jul 9.883 Aug 1976
Highast monthlty moan 197 400 Dac 271 700 Nov 1963
Lowesi dailly maan 13 694 27 Ju 7427 28 Ayg 1976
Highet1 daily mean 511.15% 5Mar 1138 000 4 Jan 1982
Paopk 694331 5 M 1518 000 4 Jan 1982
10 %o 191 300 163 300 7
S0 %ilo 69.740 51 360 136
95 %l 17.860 14 020 126
Annual total (milkon cu mi 2939.00 242100 21
Annual runoft (mm) 669 551 21
Annual raintoh {mwn) 11581 986 17
i1941-70 ru:nfall avaragn (men) 1039

Station and catchment description
Lowast stouon on River Twoed. Veolocity-aroa station at very wide natural section. Complex control Moderata ssasonol wead growth effects on
rating. Reservoirs in headwaters have only @ small impact on the flow regime - monthly noturalised flows available. Geology' rmixed but
principally imparvious Palaeczorc formations. Mooriand and hill pastura predominates: improved grasslands and arable farming below Melrose

AUG SEP ocT NOV
41326 56 659 21683 87073
46.512 52 356 21977 7233
54604 164915 19.658 68 195
39.866 89 803 19 151 61631
42 615 66 640 24 088 72 096
63 876 S8 466 23.387 69 168
96.878 52 288 13074 85527
71.168 46.6870 19300 160 000
51.706 42.562 19303 237 354
41592 a0 437 13828 308 483
34.700 36 761 20508 168 683
31103 35 597 18 7101 130723
29.139 33847 17995 136477
30 269 32 392 17 691 150 670
90 274 30.563 18 542 162 737
789175 29 081 19 601 61719
57.310 28.192 17 002 137 756
49167 27 209 17 331 127 820
70 539 27.509 20 62 121913
68022 25 396 27 347 99 843
53 286 244713 40 334 86 054
51810 24 340 74 7136 135432
45 861 23.783 81295 1890%?7
39814 25 050 55 671 136 992
37.388 24285 166793 363900

339 483 22 292 87058 190222
338 681 22106 98600 136.14})
168865 21 49 102519 113708
94 350 21348 102451 98 388
12927 21 361 177554 87 796
&0 857 121,184
76.900 40 260 48.730 138 900
29139 21 348 17 002 61 631
339483 18495 177554 363900
520018 209880 274949 481348

26 3 30 2%
206 00 104 40 130 50 I6G 10

47 24 30 82
142 27 98 122
42 670 56 000 BG 1680 112 700

9883 10 950 10180 24 710

1976 1972 1972 1973

‘46300 179900 176.300 211 /00
1985 1985 1967 1963
26 +33 49 67

6 6 6 15

89 108 108 160

88 93 92 102

21 19 25 16
188 164 163 224

Factors affacting flow regime

® Reservoir{s) in carchment

DEC
80193
97 3N
163 453
157 165
353 18

182 108
189 689
373 963
386 708
199 332

250 575
207 904
359 254
193 141
254 115

18021
217 17
227 850
160 2490
132 508

121967
i07 838
93 467
90 285
158 80%

107 982
94 835
96 949

139 487

388 79

3311

1897 400
80193
388 7N

543 566
30

6528 60

120
172

113 400
40 700
1975
197 S00
1979

69
25
2

91
23
175

® Abstraction for public water supplies.




RIVER FLOW DATA

022001 Coquet at Morwick

Grid refarenco 46 (NU) 234 044
Level sin. (m OD) 5.20

Moasuring authonty: NWA
First yoor: 1963

Doily mean gauged discharges (cubic metres per second)

1986

Caichment ared {sq km). 569 8
Max att {m QD} 776

DAY JAN FED MAR APR MAY N AN AUG SEP oct NOV DEC
1 12.560 17143 4,155 5 544 6127 4278 1982 a7 8 064 1 984 5473 4174
2 39.605 16011 3965 5 50 5.534 3 865 1831 4. 000 18 015 1915 6474 3 844
3 17.278 22277 3765 6221 5095 3.70% 1.801 4 638 a4 900 1 896 4647 4 004
4 10472 14 705 63.115 6 267 4717 4375 1775 3.292 13 909 1 894 3972 4 626
5 9.159 11042 17 600 4 402 4674 3 ess 1792 3.366 9 283 1894 3518 10 430
[} 9375 9.259 24 595 5.194 5.957 3505 1.834 5514 7582 14807 3189 6 748
? 8 0M 8420 15313 5625 33970 3462 1782 8505 6117 1.909 2957 8 444
8 7752 7.841 12.582 6 304 12.820 3194 1.706 6 556 521 1 654 11928 31 944
9 9.006 7.330 11 568 5.651 7.919 2952 1102 4 669 4701 1848 5521 29279
10 44070 6 499 11586 5170 6912 7.461 1664 3592 4 281 1861 7.194 12 950
11 21674 44975 10477 4.663 5819 1.135 1671 2978 393 1921 567 18 600
12 15.001 5794 9.286 4 996 S 258 4 400 1.702 2618 ansg 1.907 5420 3931
13 15.936 5.480 8.025 5223 4930 3.640 1.702 2376 3530 1.851 4742 37810
14 15 744 5225 7 068 a8 4812 3413 1689 23 3343 1.778 5 742 14 697
15 11.742 4947 10.561 75.160 4429 3033 1 660 2.338 3038 1775 6 599 22096
16 8974 4819 5801 65 060 4.702 2.762 1 660 2810 2873 1.775 5 058 21042
17 8 208 4.789 7 945 50 910 4.420 4.470 1.591 2412 2.781 1.275 4 450 22.665
18 10 138 4 685 6.713 28 560 58932 5.785 1500 2131 2713 V778 4 508 22701
19 30 849 4.792 7087 19 430 4929 4.425 1497 21352 2 606 2020 6 243 12.848
20 20811 4634 1.778 43 650 5.952 3 666 1.497 3963 2 481 2258 5253 9974
21 22.807 4 609 73N 26010 11 820 2n 1496 3484 2.403 2079 4439 12 442
22 17.590 42310 7847 25 140 7.384 2970 1434 3475 2.432 2212 7625 13 443
23 16 263 429 16.511 17.850 5619 3526 1.510 3311 2423 2551 13532 12.16%
24 10.763 4275 11.076 13770 4729 2.096 1 550 2612 2.298 2510 7 567 1510
25 B.028 4 390 11.364 11970 6 588 2696 1502 243 2215 5981 8287 18 027
28 7 361 a04a7 8674 10,150 5 850 2 540 1 465 162191 2199 4 436 8 056 9 746
27 7 454 4 006 7672 B.77% 4 836 2334 1442 B8 499 2.180 3055 6.158 7973
28 €.867 4 156 7871 1 876 5 187 2222 1.543 271.362 2130 3576 5221 7 634
29 1753 7.882 7051 5 056 2106 3807 14 160 2070 5234 4 764 1B617
0 33.770 6493 6253 4.339 2026 3054 10 041 2002 8.325 4517 67 768
n 23 348 5.979 4.403 3.729 8 203 6147 31263
Avoragn 15 760 1313 13 290 18540 6792 3 660 1828 12 350 5849 2707 5991 16 B8O
Lowaon 8 867 4 006 3.755 4 663 4339 2026 1434 2131 2002 1375 2957 3 Baa
Highast 44 070 22277 17 600 75.160 33.970 7735 3.807 162 181 44 900 8 32% 13 632 G7 768
Peak fllow 57914 24 552 136 963 150 900 49 680 15.700 234.412 79 761 i6 197 0687 93 604
Day of poak 10 3 5 15 7 10 26 3 30 23 30
Monthly toal
{rmilign ¢y m) 42 20 17 69 35 59 A2 87 18.19 949 490 34 69 1516 725 1553 45 22
Runolf {rmm} 74 3 62 75 32 17 9 61 27 13 27 79
Raintall {mmy a8 53 47 118 82 39 55 161 32 54 86 125
Statistica of monthly data for previous record (Nov 1983 10 Dac 1385 —incomplets or missing months totsl 0 2 years)
Moan  Avg. 15010 13.470 12 940 8315 5.92% 3751 3201 397 4 1656 76 12 590 13130
flows. Low 5421 2673 1730 2928 20318 1.141 1168 1232 1418 1083 1926 4 563
{yoar) 1973 1972 1973 1974 1984 1970 1984 1983 19712 1872 1973 1971
Higk 32210 26 350 31390 15 810 15 410 6 355 7 969 12 720 14 240 26 860 330 13 340
{ynar} 1982 1978 979 1983 1983 ‘959 1968 1966 1965 1876 1965 1978
Auno’l: Avg. n 58 61 kl:3 28 17 15 19 22 36 57 62
Low 25 1 :] 13 10 5 5 6 6 5 9 21
Hgh 152 12 148 72 72 29 3z 60 65 128 143 157
Raintol: Avy. 80 59 82 52 67 57 65 IA B2 74 89 84
{1966- Low 38 15 18 8 18 8 19 18 15 19 19 n
1985 Hgh 140 120 144 118 127 129 108 132 215 176 214 251
Summary statistics Factors affecting flow regime
1986
For 1986 For record As % of
pracedng 1986 pre-1986 ® Natural to within 10% a1 95 parcenule flow.
Maan flow [m?s™ ) 9157 8715 105
Lowast yaarly maan 3716 1973
Highest vearly moan 11.380 1969
Lowost monihly moan 1828 Jul 1083 Oc1 1972
Highos1 monthly mean 16.880 Dac 33340 Dec 1978
Lowosi daily mgan 1.434 22 Jul 0721 20 Jun 1970
Highest daily mean 162181 26 Aug 203.200 3 Jan 1982
Poak 234412 26 Aug 289.700 4 Jan 1982
10 Nde 18.160 19.010 96
50 %o 5233 4499 105
95 Nde 1 692 1 360 124
Annual 161al {mikien cu m) 288 80 27500 106
Annusl runof! {mmj 507 483 106
Annual ramiall (mm;) 918 872 105
[1941-70 caunlall average {mm) 800

Station and catchmant description
Volocity-area station with 34m wide concrets Flat V wair made with pra-cast segments {installed 1969} Cableway. Fairly straight secuion with
high banks. Raplacad aarlier s1ation at Guyzance. Natural catchment.
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HYDROLOGICAL DATA: 1986

023006 South Tyne at Featherstone

Grid roferance 35 (NY) 672 611
Leved stn (m QD) 131 720

Mapsunng authonty, NWA
First yoar- 1966

Daily mean gauged discharges (cubic matres per second)

DAY JAN
1 6.810
2 7209
3 4.488
4 4271
5 4191
] 3.332
7 3.450
-] 3702
9 18.535
10 58.923
1 13.913
12 48 606
13 61.654
14 21789
15 12.386
16 7504
17 8 350
18 J31.929
19 54 520
20 92 885
2 27.864
22 63.315
23 15 674
24 8534
25 6024
26 § 832
27 6023
28 6232
29 529"
30 8 045
31 8423
Avotago 20 250
Lowaost 3332
Highses1 92 885
Pask ‘low 164 731
Doy o poak 18
“onthy 1010l
(mullion cu m} 54.24
Runafll rrem) 169
Aanisl (mm) 90

FEB MAR APR
6186 1 968 9817
597 2928 8 130
5 988 2538 8 803
5226 105863 B 066
4720 42 049 7352
43N 13 841 6637
4 205 11 567 7 884
3880 10479 B 130
3728 11016 10 400
3037 10 240 6 844
3207 8770 6.011
3267 8 302 9 388
3.045 5768 7982
3035 9949 1782
2906 15 848 48 630
2.797 11 695 20 86O
221 6737 16 840
2.668 5872 11 560
2603 § 547 18 770
2.304 9376 83 350
2.651 12333 18 320
2428 B4 '53 13 180
2311 2313 10020
2 540 10 596 8679
2242 1781 8 108
1954 17 835 7009
2335 22433 5670
2232 24 416 5 842
19 402 5014
11 580 g1
10 885
3380 17910 12 490
1954 1968 5014
6186 05863 53 350
6.864 “B9607 104000 1
1 22 20
B 18 47 97 32 39
25 149 101
33 134 114

MAY JUN
1003 4857
5 096 4204
4 659 4215
3 744 3918
4 557 4 247
10 650 3422
42 830 315
10 130 281
6 405 3192
80N 41 200
7 487 ‘B 563
12 540 4 980
10510 4434
8531 3895
8 269 3176
5 808 21
5 467 2747
6 114 2773
4472 2558
12 300 2380
17 690 2196
773 2128
5 202 2161
23 590 2393
23130 2204
10220 199
7 660 187:
14 730 1817
82i1 1 880
53711 1 645
5423
10140 4452
3744 16845
42.830 4% 200
07900 129000
24 1¢
2715 11 54
B4 36
138 53

JA
1634
1513
1470
1526
1535

1510
1489
1672
1 861
1585

1 460
1418
1430
1298
1476

1390
1343
1322
1333
15621

1378
1384
1720
1 626
1867

1676
1513
10227
9678
10 340
11 902

26M
1322
11 802

41522
28

715

22
a9

Statistics of monthly data for previous record (Oct 1966 to Dec 1985 -—incomplete or

Maoan  Avgy ‘5 660
flows: Low 7.739
(yoer) 1985
High 2550
(va0*) 1975
Runoll  Avy 130
Low 64
High 212
Ranint- Avg 133
Low 74
Hgh 211

Summary statistics

Moan ‘low (s ")
Lowaost yoor y mean
Highost yoorly maoon
Lowest monthly mean
Highast monikbly mean
Lowest dmly maan
Highos! caily rmoyan
Pook

10 %k

50 %r'e

95 %re

Annual total (milbon cu M}
Annual runoff (rmen)
Anncel rainfall {mim)

11 740 13 190 B 642 6 248 5136 4 704
5122 4 860 1 85%0 1311 1465 1255
1968 1916 1974 1980 .1978 1984

19 760 30210 16 210 "3 850 12 740 9889
1974 1979 1979 19823 1980 1985
89 e 1 52 41 3s
40 49 15 11 12 10
148 251 131 115 103 82
82 17 72 85 92 95
28 44 1 40 44 43
166 199 133 178 215 165

1986
For 1986 For :ecod As % ot
preceang 1986 p:a-1986
12 640 10 400 122
7 630 1971
12 920 1979
26M Jud 0 960 Aug 1976
26 810 Dec 30 330 Oct 1967
1322 18 Jul o N3 26 Aug 1978
132 745 26 Aug 177200 21 Sep 1985
2971 252 26 Ay 309 900 3 hov 1984
34 940 24 540 142
6 740 52711 128
1496 1363 g
398 60 32820 21
1238 1020 21
1680 131 e
1484

1194 1-70 rainial aversge {mmj

Station and catchmaent description
Compound Crump werr Lowaer crest 15 2m, upper crest 29 5m Theoretical rating. Natural flow regime

AUG

7 336
997b
54M
4643
3474

10682
32 300
9 853
5 550
3 B46

3131
2758
2753
3059
120587

5691
4 685
471
10222
6 086

6528
14176
6737
4 40
37 559

132 745
35 335
12 865
8281
6316
6270

13 560
2753
132 245

297 252
26

36 33

13
169

SEP
11 799
35893
26214
8 444
6 104

8 301
4 865
4 004
3470
3 s

2863
2 656
2 507
2 340
2200

2086
2034
1965
1 888
18633

80O
962
B70
778
ns

671
64%
708
FALY]
672

5004
1 644
35 B9}

111 724
2

297

a0
44

1986

Catchment arga {sq km) 3219

ocT

16517
1621
1559
1479
1448

1458
2628
1950
1996
2842

2019
1777
1627
1623
1554

1483
1421
3384
9833
14 803

44 112
19 453
15 148
5678
67811

14 173
27046
35 561
233In
41243
20 385

12 98¢
1431
67811

164 O3
24

3473

108
18%

missing months total 0 2 vears)

6 530
0 960
1976
19 240
1985

54
]
160

111
25

248

9 882
146}
1972
23670
1985

20
12
191

134
40
239

12 370
1181
1972

30 330
1967

163
A0
252

134
27
n

NOV

35 351
12 461
19.736
9474
18 665

921
30838
25 066
168 692
15 40/

16 536
9 455
14 143
23957
12 620

9 297
12892
26 07
15 964
9132

6 865
41046
40 075
66 916
66 657

32 30%
13 622
9279
7 303
6 248

20880
6 245
66 657

169 459
25

54 03

168
188

15 820
6816
1983

24 670
1984

127
53
199

146
63
245

Factors aHfecting flow regime

Max alt. [m OD) 893

OEC

7509
24516
63 403
46 362
39 857

12 904
16 376
54.790
17 1715
10 685

40 213
27242
22621
9824
23730

13 860
37 214
1962
12 362
a4 883

7 349
6 099
5594
39 248
24 324

9 363
14 382
13 395
84 165
62 277
54 435

26810
5594
84 365

86 B9G
3

T80

223
253

14 890
5110
1971
28 810
1974

i24
43
240

130
a2
218

® Natural 10 within 10% a1 95 percentile flow




RIVER FLOW DATA 53

025001 Tees at Brohken Scar 1986A

Measuring authonty; NWA Grud rafarence 45 (NZ) 259 137 Catchmant area {sq km): 818.4
First yoor: 1956 Laval sin. {m QDY 37.20 Max alt {m QOD): 893

Dailty mean gauged discharges {cubic metres per sscond)
DAY JAN FEB MAR APR MAY Jun S AUG SEP oct NOV DEC

1 17.926 20 390 3 486 17.100 18.240 9 282 3190 4 693 13 582 3374 86.481 18 690
2 33221 24 316 3722 11.860 14 3120 B 032 3323 11 605 11 762 3315 26573 19912
3 17.687 22.190 4510 11 840 11630 6 850 3518 5587 39.787 3 090 24 053 4% 489
4 10 447 17 292 126.409 9.877 9 988 6937 3064 a17? 14 250 3677 16 722 80 374
) 9.670 13952 128 366 9092 13420 6 494 3187 4 055 9144 3607 14 633 85 115
8 7.948 12 165 44 562 %0 200 16 920 5522 3208 S D06 6527 3277 12728 30 669
? 5470 10990 27 N4 15 230 96 350 5.041 3236 21745 6135 3 695 \6 870 3zon
8 5.608 B 965 2379 29.230 38 680 4964 3 s 9 346 4.856 3730 36.386 106 235
9 5 987 B 246 20167 31.020 21870 4 B9 30N 5 346 4 165 3358 27 000 43 010
10 140.485 7.202 19 563 24 040 23180 40 400 30m 4 105 4 305 5 060 51015 27183
n 45.656 7.032 19.227 17 580 17 620 16.750 Ins 3.588 4.094 8.179 40 645 68 950
12 49 144 a8 04 16 640 25.610 25 360 7 965 3552 3619 3964 7 364 24.69% 42 878
13 117 890 7050 12627 21470 24 950 5099 3146 351 3679 36N 23 248 74 761
14 47.368 5376 10 504 22120 15550 4653 3085 4177 a1 3.3558 31897 29 196
15 32.410 4 955 29.782 194.500 18 260 4320 2999 6134 4172 3.153 30 449 67 718
18 21.450 5592 24136 87.450 15.290 4 022 3279 5857 4 062 3614 22.729 37 488
17 14 666 4954 15.728 85 410 17 280 4 203 377 5211 3.902 3242 23322 75 412
1] 39.229 4 706 10418 37.4%0 25.300 4139 3283 5411 3814 3.362 43774 49 257
19 120.787 4 556 11.385 28.000 11.950 4111 15677 15019 31584 6426 46 BO7 30 853
20 152 584 4074 19.450 87 440 31250 39 3808 9.180 3.738 7.794 22 109 25067
21 91.397 4 708 21432 53.510 39020 3 865 3 394 5 756 asn 17 087 18 747 24 657
22 92.389 SO07 104834 38 980 27 450 3834 3456 17 504 3.370 17.250 59 613 19 832
23 471 209 4327 68 510 28470 14.240 3 899 Jjan 9 769 3278 18 388 84 732 16 469
24 25 266 5474 2B.616 32370 ga18 4 199 37129 6 35% 3082 11981 61682 18 697
25 18 668 4 249 43 595 34 530 56.220 3 495 3518 36 550 2915 53 587 95 345 49 820
20 17.268 KETR] 56 952 25 080 23 450 2 992 379 309 780 3322 1877 54 366 19 133
27 16 000 5041 865943 19 000 16 120 3604 3 697 54 425 3395 17 890 351863 20 984
28 13.916 4347 42 587 17 580 17.840 3 486 4626 26 594 3 668 21842 23 B62 29370
29 16327 44 796 18 570 16 050 3394 10 355 18 260 3589 14 612 20 730 41311
o 18.651 27 403 16 950 10 280 3243 4 500 15 035 3491 38283 18667 119525
N 25 030 22126 11.610 11 383 13183 23 481 107.926
Avarngo 41.240 8523 36.130 Ja 10 22 950 6 455 3918 20 990 6252 10 830 36910 47 740
Lowost 5470 3441 3.488 9092 9818 2992 2 999 Isn 2315 3080 12725 16 489
Heghest 152 584 246 1283686 194 500 96.350 40 400 11383 309790 39.787 53587 95345 119525
Pagk flow 321273 27937 311.224 350900 181 100 54 630 26 401 709 829 71.351 121927 166 327 221902
Doy ot poak 20 2 4 15 7 10 an 28 3 n 25 8
Monthiy total
[malllon cu mj 11040 20862 96.76 89 96 6146 16.73 10 50 56 21 16 21 2916 95 68 127.90
RAunolf (mm) 135 25 118 10 75 20 13 69 20 36 17 158
Ranfgh (men) 166 48 109 116 128 ae 43 176 26 10 127 210

Statistics of monthly data for previous record (Oct 1958 to Dec 1985—incomplete or missing months total 0.1 years)

Moon  Avg 28 800 23.100 22 640 17 930 10.250 6 427 8 206 983t 11.300 17 590 22570 27 760

flows Low 2.806 2.804 5 482 2539 2007 0502 1794 0458 638 2707 4 060 51778
{yoor} 1963 1963 1975 1957 1959 1957 1969 1959 1959 1969 1958 1971
High 50 240 51 540 68 660 60870 27.020 15 270 15 OS0 28.520 25 800 §3 940 51580 50 040
{ynor) 1982 1966 1979 1977 1967 1972 1961 1985 198§ 1967 1963 1979

Runoif: Avg. 94 69 74 &7 34 20 20 32 36 58 n 1
Low 10 8 8 8 7 2 6 2 2 : 13 19
High 164 152 225 183 88 a8 49 93 82 177 163 164

Raintol: Avg. 119 B4 95 75 79 75 B2 100 mm 102 114 21
Low 51 16 29 10 18 22 28 23 19 27 25 43
High 183 175 224 150 167 182 150 190 222 226 2 2868

Summary statistics Factors affacting flow regime

1986
For 1986 For tecord As % of ® Rasarvoir{s} in catchment.
prececing 1986 pre- 1986 ® Abstraction for public water supplies

Moan flow (m¥s=7} 23 200 17 00O 136 ® Augmentation from surface water andfor

Lowas: yoarly moan 9.382 1973 groundwaler.

Highost yoarty moan 23.220 1979

Lowast monthly masn 3918 Sl 0458 Aug 1959

Highatt manthly meon 47,740 Dsc 68 560 Mar 1979

Lowest doly masn 2915 25 Sep 0023 16 Oct 1959

Highast daoily meon 309 190 28 Auy 2391500 3 Jan 1982

Poak 709829 26 Aug 679 300 23 Mar 1968

<0 %ilg §3 440 42 100 125

50 %ilg 14 140 ? 98BS 127

95 Rre 3264 1349 242

Annual 1o1al {milkon cu m) 731 60 536 50 136

Annual runoft (mm;) 894 656 136

Annual rainfad [mm) 1297 1147 113

[1941.70 ro'nfpll pvorage {mrmy) 1226]

Station and catchment description

Compound Crump wair with total crest length of 63 9m. Two low-flow crests total 9.1m Thegretical rating. Substantial artficial influences.
Containg Cow Green end 5 smaller reservoirs on Lune and Baldar. Major intake just above gauge site. Occasional transfars from Tyne (Keider) at
Eggleston. Mainly Millstone Gnt, Upper- and Middle-Limestons.




HYDROLOGICAL DATA: 1986

027002 Wharfe at Flint Mill Weir

Grid roforenco: 44 (SE) 422 473
Lavel stn {m OD). 13 70

1986

Carchrment area (sq km} 758 9
Max alt (m QD) 704

Moasuring authontly. YWA
Firs1 yoar: 1937

Daily moan gauged discharges {cubic metres per second)

DAY JAN 11 MAR APR MAY JN JuL AUG sEp oCcT NOV DEC
1 24 800 27.230 4981 26.720 12.290 8235 3 000 5 940 6 740 2.546 82.690 12.540
2 23510 29080 46874 22.320 10.750 7 384 2.890 6.891 7 398 2442 31 680 12 030
3 18 370 24010 4914 17.400 12 660 6873 2 846 7051 24 250 2384 24 050 18 740
4 12.280 19530 49 660 13.750 14.320 5173 2747 4 7197 13 830 2524 18 400 71810
5 11020 15720 127.700 12.110 12 390 5.793 2894 4 308 B 622 2674 21.730 54 540
6 9.845 13.540 39.390 12 390 15 470 5 407 2957 4 205 6.713 2383 21250 31260
7 8 630 12 040 21.820 14 650 60.880 5172 2 @68 14 820 LX:FA 2 4p4 14 450 19 850
8 8.36% 10 800 17 270 32 630 40.790 4953 2.701 10 300 5374 4227 16 120 57.930
9 8.456 10.080 17.260 23610 23.790 4823 2,699 6181 4 99% 1524 14 520 48 760
10 89.280 915 16.950 22,530 21400 23 540 2.544 4 800 4 497 4 744 34 %0 26 650
1" $1.270 8.208 15 620 14 910 24.240 24 750 2,502 3ns 4137 551 23810 61 540
12 35 370 8.0 13.240 14 780 27 480 13.600 2578 3208 3875 3760 18 180 42 B6O
12 13.070 7 569 11670 16.110 20570 8.979 2.599 3073 3649 3 289 14 900 86 470
14 58.940 7.258 10 040 17 550 15 150 7579 251 3028 3501 3164 25 420 35 190
15 40 440 6955 14100 130.800 16.760 6514 2514 3 002 3361 3934 30 700 78 230
16 22.160 6.615 17 020 82 040 13020 5720 2 706 3016 3.256 3894 19.680 55.190
17 16.220 6.422 17.250 121.800 11.600 5272 2 305 3 694 3195 3 18% 22.690 80 920
18 35 600 5 BO6 12,420 62.870 23.670 4.847 2.316 3.870 3119 2,959 46 450 €6 670
19 91.920 5.336 13.580 35.970 13.980 4. 509 200 3587 2989 811 13420 a7 460
20 89 120 5 560 14 430 67 830 28 680 4221 2252 297% 2.999 22180 30170 35 260
21 114 80O 5 668 15 640 50 230 37.340 3948 2 358 2748 2 964 45 300 27 BOO 29220
22 69 230 5570 33.470 46 020 25710 3 855 230 3040 I 40 830 26.400 23620
23 54 540 5542 83110 31450 16.620 4278 2456 3.147 2 853 31.030 57 730 18 300
24 32090 52372 35.490 25 390 13 440 5775 2570 3079 2.796 19 370 58160 15 590
25 21680 5434 35510 23 880 44 380 4266 2278 7 452 2759 56 590 186 200 14810
28 16.540 5.152 38.580 20 350 24 800 3.942 2235 136 500 2 742 27 980 70 310 32 750
27 15 160 4947 67 130 VB 020 16 010 35 2.183 42.030 2.591 46 070 39310 25 960
28 14.470 5113 38570 14 400 13 860 3162 2254 19 560 2576 56 200 24 130 41 940
29 19.830 45 360 12 450 11230 3241 2419 12 260 2 599 30 380 17 860 20630
30 32.400 29 050 11.4720 9257 3131 § 205 8 965 28N 29 050 14 340 101 800
n 31.860 28 380 B 646 6135 7642 23.250 81130
Avorage 36 430 10.060 28 780 31.840 20 680 8 782 2 747 11 250 4 994 16 000 33 260 46 120
Lowast 8 369 4947 4674 11.470 8 646 3In 2183 2748 25N 2383 14 340 12 090
Highost 114 800 29 080 127 100 130 800 60.880 24 780 6 135 136 500 24 250 56 590 82 690 101.800
Peok flow 157 000 31050 191 BOO 18 800 92 050 52 890 8 980 172 500 37 590 98 700 138 3007 137.500
Day of posk 21 2 5 15 25 10 N 26 3 27 19 13
Monthly total
tmdlign cu m) 9757 2423 7709 87 98 55 40 17 58 736 3014 1294 4285 B6 22 123 50
Runoff {mmy) 129 32 i02 116 73 23 10 40 \7 56 114 163
Runfall immy 182 26 8 14 122 a6 46 141 22 158 142 218
Stotistics of monthly data for previous record {Jan 1937 10 Dac 1985 —incomplete ot missing months total 17 7 years)
Mean  Avg 27470 23 750 21 050 15 480 11.190 7.65° 7.722 11.700 13.590 18 120 23070 27 700
flows. Low 44n 2974 6 741 4.389 2312 1546 1675 0992 1420 3026 5027 10 230
{yoat} 1963 1963 1861 1982 1980 1957 1976 1976 1959 1972 1937 1963
Higk 42 880 54 590 53 940 35 240 28 750 18 520 16 440 41 340 33520 54 000 51080 62 090
{yuor) 1984 1966 L9881 1970 1967 ‘972 1963 1956 1968 1967 1963 1965
Runolt- Avp. 97 76 74 53 39 26 27 a1 a6 54 79 96
Low 6 1] 24 15 8 H] ] 4 -] 1" 17 6
Hgh 151 174 150 120 94 83 S8 146 115 191 174 219
Rainfall Avg 114 - 86 12 78 6 84 98 104 108 112 121
Low 41 14 8 ] 13 18 20 18 8 32 33 41
Hign 217 194 222 147 181 183 185 226 241 229 21 233
Summary atatistics Factors affecting flow regime
1986
For 1988 For rocord As % ol ® Reservoir(s) in catchment
procading 1986 pro- 1986 & Abstractuon for public water supphes
Moon flow (m?s~ '} 21.020 17310 121 ® Flow reduced by industreal and/or
LOwnSL yaarly masn 11420 1975 agnguliural abstracuions.
Highost yaarty masn 23 300 1966 & Augmentation from surface water and/or
Lowast monthly mean 2.747 Jul 0.992 Aug 1976 groundwater. '
Highost monihly mean 46.120 Doc 62.090 Doc 1965
Lowast daly maan 2183 27 Jul ¢ 4azs 23 Jun 1957
Highost daily mgan 136.500 26 Aug 233600 4 Dec 1960
Poak 191.800 5 Mar 380.000 3 Jan 1982
10 %ile 54 650 41.210 133
50 %ile 13420 9671 139
95 %re 2517 2177 118
Annual 1018l {milion cu m) 662 90 546.30 21
Arnnunl runalf {mmh az73 720 121
Annual rondall {mm} 1386 1136 120

[1941-70 caintall avorags (mmj

Station and catchment description
Tha control is o broad-¢rasied masonry weoir 47m wide with a current meter cablaway 1.5km upstream. Insensitiva at low flows. Headwaters
Contain numarous raservoirs which exart a substantial influence on flows. Mixed geclogy compnsing mainly Carboniferous Limestone, gnts and
Coal Mgosures with some Permian sand and Magnesian Limgstone and marls in the lower caichment. Pradominantly rural catchment with

moorond headwaters,

1161}




RIVER FLOW DATA

027035 Aire at Kildwick Bridge

Grid roforence 44 {SE) 013 457
Lavel stn_ tm OD) 87 30

1986

Caichmant araa (sq km). 2822
Max ai. im QD). 594

Muoasuring authornty: YWA
Firgt yoor- 1968

Daity maan gauged discharges [cubic metres per second)

DAY JAN 11:] MAR APR MAY JUN Jut, ALG SEP oc1 NOV DEC
1 17280 9.800 1505 10930 339 2 456 0870 1.255 2 064 Q574 26 590 6316
2 13.160 10 080 1480 7.650 2912 2 245 0870 1211 3057 0 554 11.310 5374
3 7.951 8.261 1461 % 930 1614 2.099 0 raz 1013 10 820 Q540 8 909 17 730
4 6192 6 998 21190 4857 5462 1 864 0 859 0938 3938 0541 6.689 26.900
5 5.481 5.732 25 130 4393 5118 1.723 1051 0 948 2681 0.640 7 398 19170
6 4.560 4822 9475 4 008 5217 1622 0 880 2197 2145 0.572 6221 11970
1 4 Qa7 4 325 6 381 5.182 25 750 1611 0829 4 080 1743 0759 5.589 10310
-] 3780 4 058 503 6 361 13 200 1436 0761 19237 1503 0814 6015 24 050
9 7177 3 901 58214 4 743 9046 1639 0691 1332 1305 arn2 9611 18.810
10 41 980 3328 5.433 3.632 7978 7623 0 699 1056 120 0819 14.940 11 280
1" 18.670 3036 4 458 3052 9 200 T4 0678 095 1094 0 790 12 750 25180
12 13 680 2811 3770 2.889 8155 3338 0 696 0862 1026 0 689 B.046 15.320
12 23420 2653 3200 3187 5739 2779 0 685 t012 O 988 0 659 B.193 19670
14 19.250 2 581 2775 7 666 5218 2341 0658 0962 0 942 0 696 10810 11620
15 12 760 2429 2.790 51.850 5779 1.909 0635 0927 0 888 0 794 9.457 30.770
16 8528 2 320 3207 25 600 4262 1768 0624 0902 0 855 0 690 7818 2% 240
17 7.475 2.208 31057 39 830 5870 1.611 0619 0864 0179 0 664 8.486 27720
I} 21 440 2 080 28n 17 480 5534 1509 0728 0 80% 0728 079¢ 26.810 30 340
19 40.680 2015 3374 11 350 4041 1401 0 656 0688 0.681 2 496 28.680 27.040
20 35 250 1973 3.188 27 890 B 385 1313 0 589 0728 Q 680 5 835 15.830 18620
21 44 800 1.929 2.80% 17 410 9 669 1238 0 691 0 680 0 664 20 350 15.350 12.69%0
22 37.100 1829 16.350 15 140 6534 1325 oMo Q 767 0694 17.230 15 040 8612
23 27 040 1732 t9 350 10 360 4 509 1558 0647 0730 0.693 12 850 21850 7 008
24 15070 1636 13.050 12 430 3 786 20n 0 654 0662 D 663 9 490 21.710 7 802
25 9430 1588 15 790 10210 8227 1386 0 683 9741 Q643 26 130 33 090 17.060
26 7 692 1.555 12 710 71739 52268 1162 0618 29 440 0633 10 530 28 550 9639
27 1355 1.508 16.830 6 044 3 849 1092 0575 8237 0 604 16 970 15.780 10 930
28 6613 1519 10120 5376 3294 1023 0 666 4 860 0 595 22 310 10.380 11,260
29 8 606 13 000 4 140 2.745 0930 0853 3478 0 607 13 510 7 903 15 430
ko] 18.330 10 360 4034 251 0901 1383 2554 Q.604 15 780 6 442 42 010
kR 13210 12,940 2561 1884 2028 15 320 27.620
Avorage 16 380 3529 8.339 11400 6 480 2 066 0.780 2836 1517 5 488 13 880 18 020
Lowest 3760 1.506 1.461 2 889 28511 0901 0575 0662 0 595 0540 5 6589 5374
Highost 44 800 10 080 25 730 51850 25.750 7623 1 884 29 440 10 820 26 130 33090 42 10
Paak flow 59 480 11000 47.340 64 870 35 210 13 680 2.607 50.350 19 880 44 700 54 460 47950
Day of paak 20 1 22 15 7 10 KR 26 3 3 18 30
Monthty 1018l
{mulkon ¢u M) 43.88 8.54 2233 2955 17.36 5.35% 209 7.59 393 17 38 3598 48 26
Runoll {(mm) 155 20 19 105 51 19 7 27 14 62 127 17
Rainiall {rm) 161 13 13 130 112 a7 49 113 22 . 169 141 247
Statistics of monthly data for previous record (Dec 1988 to Dec 1985—incomplete or missing months total 0.2 yasrs)
Moon  Avg. 105720 8022 7.407 4 606 2.920 2434 1683 3049 3.863 8992 10 440 10 580
flows. Low 4 463 kN:RE:] 2 390 0922 0611 0604 - 0298 0 289 1.147 o 7es 3583 3175
{yaar) 1973 1985 1985 1974 1974 1970 1984 1976 1971 1972 1975 1971
High 18.580 13.220 22520 9 586 B 174 6 416 5027 11 410 10 260 17570 16 540 20 820
{yaon 1984 1984 1981 1970 1983 1982 1973 1985 1974 1981 1984 1979
Runof. Awvg. 100 &9 70 42 23 22 16 29 35 &6 96 100
Low a2 33 23 8 6 [ 3 3 1" 7 33 30
High 176 17 214 1] 78 59 56 108 95 167 152 198
Rantall Avg 122 14 102 67 75 78 73 92 116 v 132 120
Low 67 14 44 3 10 23 12 17 27 37 55 42
High 222 139 233 135 142 V55 151 111 250 213 187 238
Summary statistics Factors affecting flow regime
1986
For V986 For racord As % of ® Reservoir{s} in coichment
proceding 1986 pra-1986
Maan Now (ms '} 7 681 6041 127
Lowast yearly maan 3 655 1971
Highes1 yearty mean - 8 060 1981
Lowost monthly mean Q 780 Sl 0 289 Aug 1976
Highast monthly msan 18 020 Dec 22,520 Mar 1981
Lowasi dady mean 0 540 3 0at 0180 23 Aug 1976
Highest daily mean 51.850 15 Apx 79 900 27 0c1 1980
Pask 64 870 15 Aps 98.130 5 Dec 1972
10 %da 19 970 15 260 13
50 %do 4102 3055 134
95 %o 0 €50 0516 126
Annual total {mikon cu m] 242 20 190 70 127
Annual runaff (mmj 858 675 127
Annusl renial (mmj 1277 1162 1o
[1841-70 raunfall averags {mm; 1134}

Station and catchment description .
Velocily-area station rated by current meter cableway 150m downstream. Low flow control 1s the sill of the bridge. Washland storage and

headwater reservoirs influence the flow pattern R Geology 15 mamnly Carboniterous Limestone. Rurpl catchmeni.
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HYDROLOGICAL DATA: 1986

027041 Derwent at Buttercrambe

Gnd reference 44 (SE) 731 587
Level sin. im QD) 9 50

Meauosuring outhonty YWA

First yoar: 1973

Daily mean gauged discharges {cubic metres par sscond}

DAY JAN
1 36 820
2 48 060
3 49 650
4 34 100
L 27 480
8 25 080
7 23 430
8 21.940
9 21810
10 44 250
1" 56.750
12 39 830
k] 32110
14 29 430
15 24.420
8 22900
17 20 990
18 21.430
19 25 040
20 26 800
2 27.260
22 25340
23 23.7720
24 20.720
25 18.300
28 17.190
217 12.370
28 17 260
29 32 740
0 42 C8O
a1 38030
Avorage 29 400
Lowast 17.190
Heghant 55 750
Poak flow 59.660
Doy of pesk n
Mon1hly toral
{rulion cu my) 7875
Hunot* {mm) 50
Rantall tmm)| 82

FEB
35210
59 290
64 460
50370
39 6930

32 880
28070
26950
25 400
23890

21,920
21.730
20 480
19220
19 020

18.330
17.960
17.730
17 240
18.760

16 110
16.200
1620
‘4 750
14 750

14.050
13.810
13 960

24 890
13.810
64 460

68 140
3

6022

a8
46

MAR

13.600
13 180
12 950
21.160
54 340

60 720
40 560
21210
24 230
22170

21 650
20.530
18 760
17.250
18 270

18 900
18.990
17130
20 160
18 850

17 040
16 110
16 060
28 410
33 220

32 300
37 450
32610
28 740
25 750
25.930

24 980
12.950
60 720

64 390
6

66.90

42
58

Statistica of monthly data for previous record (Oct 1973 to Dec 1985}

Moan  Awg 30.670
flows Low 16.780
[yoar) 1983
High 48190
(yoar) 1977
Aunoft. Avg 52
Low 28
Hogh 81
Rainfall. Avg 80
Low 34
High 132

~

Summary statistics

28 280
15 260
1982

49 290 °

1978

44
23
75

a7
5
0

Mgon flow (m’s ")
Lowost yoarky moan
H.ghaat yoarly menn
Lowgst monthly moan
Hghost monthly mean
Lowost dly maoan
Heghasl dady moan
Poak

10 %ile

S0 %ie

9% %o

Annusl 1010l imdion ¢y m)

Annus! runct! {mmj}
Anrwyel raniall (mm)

18 810

6 066
37 540
5564
73750
78 820
39 660
15.600
6013
596 30
a7s
834

[1941.70 rauintall average {mmj

Station and catchment description

27 000
8 799
1976

56.110
1979

48
15
95

12
)
143

For 1986

Ot
Apr
12 Qct
21 May
18 Apr

1986

Catchment area (sq km): 1586.0
Max ali (m QD) 454

APR MAY JUN JuL
26.120 22230 16 270 8762
23350 21190 15810 8770
23.480 20 250 17110 8.493
20.140 19 380 16 610 8 266
19120 18 870 15 460 8232
18.370 19.670 15 0BO 8215
22,590 43 680 14 990 8.047
50 490 39.220 14 260 8 096
44 070 26 320 13.950 8 107
33570 23210 18 310 7 852
25 500 20 880 20770 7457
26 080 19 400 15.560 7363
24 680 18 570 14 230 7.361
27.600 17 860 13620 7252
42220 21530 13 080 69937
61130 19,960 12 730 6812
58.670 17 720 12.350 6643
73130 18 290 12 050 6527
66 490 16 560 11 8OO 6615
60.600 38920 11 380 6629
59.000 73 750 10970 6578
52490 62 760 10 790 5473
43.170 39160 10 170 6§ 554
43 000 26 100 10 850 6 698
40.640 22 340 10 590 6.738
33.880 20 470 9995 6 584
29810 19.050 9510 6 441
27 440 18 140 9 234 6 4232
2% 300 17 500 8973 5 681
23.440 16 740 8833 1022

16 380 2.793
37540 25.680 13 200 7308
18.370 16.380 8833 6432
73.730 73750 20770 B 770
78 820 75 710 25 790 8 859

18 2 10 1

97.20 668.79 3a 21 1957

61 43 22 12
113 92 as 33
19 270 15 260 10 640 7 634

6927 7.852 5 342 J B84

1976 1982 1974 1976
33670 29 840 21260 11 810

1979 1979 1979 1981

N 26 17 13

11 13 9 7

55 50 35 20

48 61 %5 50

11 22 i1 18
102 142 149 123

1986
For record As % of
preceding 1986 pra- 1888
17 530 108
11.720 1975
25 320 1979
Ins Aug 1976
58110 Mpr 1979
2.697 23 Aug 1976
123 400 29 Dec 1978
124 BOO 5 Jan 1982
35 060 113
12 980 120
4921 122
553 20 108
349 108
795 105
704)

AUG SEP ocT NOV DEC
7642 10 490 5907 17 700 9 45]
6972 10 €80 5 B61 21.400 9.162
8.802 21 250 5849 1790 9 085
6735 27120 581 9433 8957
6 694 14570 6 (069 8 500 9.451
6722 11120 6033 BO76 8 386
6.585 ~° 9.720 5.851 7539 8582
5.969 8939 5727 1378 10 850
? 050 8310 51727 72N 23320
6.587 8.033 5.232 9629 15.500
6 404 7707 5 606 10.580 23890
6472 7519 5.564 9 141 32 040
5502 7.339 5.597 B8.377 44930
6552 7323 5691 10270 44 750
6627 7257 5 756 16.830 39.490
6435 7 065 s 717 13.420 47.610
6.165 6952 6 598 10470 35520
6152 6 839 5703 10 080 32.740
6.341 6 746 6080 21 870 28.690
6.601 6 663 6 531 16 530 23.370
6.390 6.563 6476 13 800 22 250
6463 6 548 6 48% 13 230 39 250
6.570 6 585 6 244 11860 41820
6 404 6511 6052 10 690 39 620
7.181 6.432 6 044 10 790 38 890
18 490 6321 6 13% 15,220 35 820
40 990 6319 6 490 13610 26.120
33130 € 259 1219 11260 23550
16.160 6.062 6.938 10310 24 410
11 560 5916 6121 9717 49 960
10 240 617172 61010
9567 8839 6 066 11910 28 040
6152 5916 5 564 72 8582
40 930 27 120 7279 21870 61,010
42720 35 320 7726 29 490 63.690
27 3 a1 1 n
2563 22N 16 25 3087 7510
16 14 10 19 ar
112 27 61 57 118
8024 8053 14 110 16 040 25.760
3215 4.730 5554 7404 13 460
1978 1975 1976 1978 1984
15.440 14.710 36810 25 220 42 740
1980 1976 1976 1980 1978
14 13 24 26 43
5 8 9 12 23
26 24 62 a1 72
64 77 77 69 85
10 21 Fa 28 36
126 192 158 111 180

Factors affecting flow regime

® Abstraction for public water supplies.

Compound Crump wair, 20m wide, with current moter rsung {or high flows. Supersedes 27015. Peak flows from the headwaiers upstiream of

Forga Vaolley (8% catchmani) are divertad down the Sea Cut {

North York Moors

7033) Mixed geology of clays. shales and hmastone. Rural catchment draining the




RIVER FLOW DATA

027053 Nidd at Birstwith

Gnd reforence: 44 {SE) 230 603
Lavel sin (m OD) 67 40

1986

Catchmont ares (sq km}: 217 6
Max alt. {m QD). 705

Moaosuring suthorty: YWA
Firsl yoar: 1975

Daity mean gauged discharges jcubic metres per second)

MAR

DAY JAN FEB APA MAY JUN AR AUG SEP oCl NOV DEC
1 4. 485 8.169 1.385 4 288 2284 2033 1.100 1.106 2083 1058 18.700 3248
2 7.166 7524 1 368 3717 2.304 1.907 0.990 1.108 2.258 1.048 12 080 3101
3 3959 5 708 1.389 6.299 2241 1.889 1016 1045 Jaga 103% 11.140 4075
4 39 4719 22 8940 3174 2179 1812 1063 1.062 2288 1050 5.729 8 602
5 3097 4258 19 770 2747 2879 1.770 1059 1 030 2020 1051 5 361 as
6 2919 3917 11.910 2667 3 207 1743 1038 1241 1938 1048 a.77% 7522
7 2 B0 3.650 6 546 3184 9204 1.703 1063 1494 1858 1 086 4613 4241
2810 3459 3.192 8.087 § 870 1695 1076 1107 1832 1066 4.783 11180
9 8.561 I 2408 5939 3707 1.753 10863 1039 + 793, 1057 6 065 11 350
10 27.350 I 2.282 5617 J 456 3493 1046 09398 1 430 105% 6.069 10.550
1 15.950 3051 2.052 5.375 4019 2702 1038 0.991 1193 1041 5.652 20.980
12 14 470 2.930 1949 5316 3.867 1.984 1057 0 985 1.169 1.045 5729 17 280
13 23.240 2861 4.898 4077 3436 1811 1042 'V 040 1164 1074 7.167 37110
14 24 020 2823 3592 8 184 3139 1,744 1017 1.001 1147 1097 9 958 13 650
15 13 320 2754 1.994 80 120 3449 1654 1008 0.972 1143 1052 7.496 47 880
18 11 440 27103 208 32220 2643 1634 0.950 0 980 113 1045 6.490 23 760
17 8979 2 649 1 848 87 540 2.702 1613 0962 0 964 1116 1038 6 736 31990
18 7836 2594 1.747 20810 39035 1,569 0 965 0982 1109 1119 14 290 23320
19 20.900 1.916 1.797 12 J40 2 399 1.540 0973 0.951 1099 1.489 13 340 17120
20 53.920 1657 6 968 208670 8 247 1.526 0963 0.934 1091 1.675 12 230 13 5%0
21 48 540 1.612 3524 13 320 10 330 1.508 0958 0.948 \ 089 4 808 9529 13 950
22 28770 1.674 7.039 10010 1 555 1.50% 0962 1.181 1100 3343 9415 7 484
23 20370 1543 11 320 8 466 4.547 1.516 0997 1061 1.093 3328 12 910 6 142
24 12 860 1519 11.780 6.983 3 469 1.537 [PR-Fi] 0 956 1082 2673 12.820 7.385
25 11.350 1.602 17.920 6314 5492 1473 0 960 10 570 1 083 4 861 17 580 7939
26 7.097 1452 14 110 5 803 4679 ‘429 0962 18 340 1072 2946 14 540 B 643
27 6 320 1435 22.240 3774 3 69% 1412 0941 6.992 1 064 5778 12190 10570
28 6104 1.427 14 480 2 966 2 883 1387 1.067 5 458 1"059 7310 7.218 10 590
29 4411 13.640 2653 2339 1365 1 069 4 999 1084 6.380 4692 12 660
30 5.115 12 370 2.506 2114 1363 1150 4 786 1062 6 284 3633 20 760
31 8.205 9 646 2115 ¥ 146 2811 12 990 15110
Averope 13.340 3.068 7.745 127270 3.990 1.736 1023 25N 1.450 2675 9114 14 200
Lowaost 2810 1427 1368 2.506 2.114 1363 ¢ 341 0.934 1069 1038 3638 3
Highost $3.920 B.169 22.940 87 540 10 330 3493 1150 18 940 3884 12 990 18 700 4} 880
Poak flow 150300 \Q 080 39760 154.700 13 100 4 754 1367 37.810 6154 44 020 34 120 66 560
Doy of pesk 20 2 a 15 21 10 1 25 3 n 1 13
Monthly o8l .
{mikion cu m} 3573 742 20.74 a3n 10 69 450 274 6 89 376 716 2362 3805
Runolf {mm} tg4 34 95 152 49 21 13 32 17 k] 108 178
Raunifell {rmm) 210 39 132 165 120 41 43 159 22 163 149 219
Statistics of monthly data for pravious record {Apr 1975 to Dac 1985—incomplete or missing months total 0.1 years)
Mean Avg 9548 8 Q30 8.510 3699 3061 1.95% 1222 1823 2203 5109 7274 10 200
flows Low 4432 I 5 1918 1 681 1.0G4 101% 0815 0.655% 1.263 1 508 1883 3B12
[year] 1985 1982 1985 1984 1984 1975 1984 1984 192 1978 1975 1875
High 15.960 18.010 21 140 7.247 1061 313 1 556 5.690 3955 15 120 12.830 20 280
[year) 1984 1984 1979 1979 1983 1982 1982 1985 1985 1976 1984 1979
Runoff Avg. 17 91 105 a4 33 23 15 22 26 63 87 126
Low 6% 36 24 20 13 12 10 8 15 19 23 44
High 196 184 260 86 87 37 19 10 47 186 153 250
Rainfall: Avp. 145 a8 133 &7 87 83 53 102 128 132 140 163
(1976- Low 106 16 75 11 27 16 18 22 80 356 62 80
198%5) Hgh 250 182 243 144 149 185 114 192 253 223 208 258
Summary statistics Factors affacting flow regime
1986
For 1986 For racoa As % of ® Rasarvorr{s} in caichmeoni
praced.ng 1986 pro-1986 @ Abstraction for public water supplies,
Moan flow {m’s"") 6 165 5214 g ® Augmentauon from surface water andjor
Lowest yearty masn 4024 1985 groundwater.
Highasi yaarty maan 7 148 1979
Lowas1 monthly mean 1023 Jul 0655 Aug 1984
Highesi monihly meoan 14 200 Oec 21140 Mar 1979
Lowast daily mean 0834 20 Aug 0392 21 Aug 1984
Highast daily maan 87.540 17 Apr 109 A00 28 Dec 1978
Peak 154 700 15 Apr 204 400 13 Jan 1984
10 %o 13 880 12670 150
50 %ia 2917 2.655 110
85 %Rila 0 984 1009 93
Annyal total [milon cu m) 194 40 164 B0 118
Annual runaif {mm) 893 756 118
Annyal rainfall {mm) 1462 1321 1

[1941-70 raniall avoeage (mm)

Station and catchment dascription
Valocity-area stetion approximately 17m wide, with current metaring from bridge at the saction. Heawily reservoired with substanta! eHect on

flows.

]

eology is mostly Millstone Grit. Rural cotchment.
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HYDROLOGICAL DATA:

1986

028009 Trent at Colwick

Moasunng authority: STWA
Firsy yoar: 1958

Gnd referenco: 43 (SK} 620 399

Lavel stn {m QD) 16.00

Daily moan gauged discharges icubic metres per second}

1986

Catchment area {sq km): 7486.0
Max alt. (m OD} 636

AUG SEP ocT NOV 0.3
47 020 49 632 31956 104 250 97 273
41146 47178 31587 121.630 90,244
39 588 430N 31707 77 440 82 293
41 736 49307 31.163 B3 138 79 084
39 346 43 307 31.734 54 442 B85 370
a8 642 41.365 30323 50.934 96 368
35.746 38 220 31.243 47 728 81298
35 332 38572 31185 56 021 121517
34819 372.250 30 960 67 897 198078
13915 38237 319N 66 GB2 156 940
66 347 37.276 31.821 65 860 14B 183
67.768 37210 30 443 61534 179 360
48 531 38 283 3 59577 218.297
4a0.141 44 206 31925 101 607 220 396
36.929 40 645 33898 131367 219688
34.85%4 37770 3221 108 48 279 381
32.626 36 835 30538 87698 210.856
32973 36 742 30.776 119916 228 458
41.362 35 068 34512 203799 286 B97
38.158 35.52¢ 58 275 175 062 254 799
36.220 34674 67948 248616 225032
35148 a2 65585 223210 201782
45 147 33 461 51.427 184 874 155 915
37527 33.055 50 490 178.994 133 400
59 283 32 785 48.723 157 381 136 268

220570 33.267 $9 712 271894 145 800
217676 32412 58 248 253 891 129 702
158 535 31720 77351 169 892 119077
96.897 32.187 58 664 126227 120834
67.298 32 245 50 522 107 097 278517
56.937 55 914 398 733
59 880 38 050 42 060 124 900 173500
32626 31720 30323 47 128 79 0B4
220570 49.632 77351 271894 398733
263 709 66 254 91363 299791 430039

26 i 28 27 n
160 40 98 62 112 70 323.80 464 60

21 13 15 43 62
1o 12 16 91 120
46 900 50.630 66 300 B9 430 124 600
18.450 23 080 24 270 24 170 46 260

1976 1959 1959 1975 1975
76470 121100 187000 231 )00 3%1 600

1966 1965 1960 1960 1965

17 18 24 N 45

7 8 9 12 17

27 a2 67 80 126

70 68 64 14 78

21 3 12 38 5
120 149 141 145 123

Factors atfecting flow regime

& Reservoir(s) in catchmant

DAY JAN FEB MAR APA MAY JUN JuL
1 97 054 3211376 56867 165 196 79 aa7 60629 37.515
2 171.3867  333.753 54 949 143 128 73.298 58 354 36957
3 207.866 324 286 50 503 116 859 71.327 59.290 35.838
4 141.677 264824 59.797 98 120 69672 63 646 35 469
5 130.573 192298 191.50Q7 86 706 68.224 55872 37.484
[ 111,381 154 266 146 835 80979 67.816 53.533 36 427
? 97630 129997 101569 83 202 81.149 52 285 35087
8 100.480 114 016 B4 415 106 741 BO 657 50 696 35621
9 102.616 103.704 78 062 95 345 799717 50 746 35.23%
10 285.985 96.287 6311 83.229 76.973 91 992 33919
11 433 003 88.634 74623 72.705 73.235 95532 34 793
12 431,807 80.049 701562 71148 77966 63 249 37100
13 368.086 81.175 66 632 7081 77615 54.448 36.787
14 281 872 79.012 62948 83005 75938 S0 948 34974
15 219.072 715.167 60334 206 B90 120 830 48 006 35012
16 172.899 12,711 62438 301423 06 561 46 691 34 638
17 1319.847 15035 66423 33r 2119 80 283 45 767 32.280
18 143.458 713 300 65 252 308 522 88 281 a4 7117 31 796
19 201.488 71.708 B1578 202.268 76 934 44 325 3223712
20 221.806 63.616 79620 242194 243808 42 380 12,662
21 211401 62.29%) 70238 252917 276 135 41 700 34 538
22 208.453 58.711 63395 226 932 191 280 41 140 33.429
23 208.641 56 323 B0 912 220617 126 156 44 227 36 747
24 182.262 58.03% 130 526 184 986 101 238 65 836 42213
25 132.455 56 563 149190 157 608 87 605 57 864 40.798
28 109 678 55.152 125 383 130 866 B0 613 47 598 41 089
2?7 108 460 53518 139 582 114 787 73 394 42651 36.090
28 125.808 55 956 143 275 102.857 57 860 41017 a8 735
29 195678 150.969 95.524 61.759 39 189 45 590
30 300.948 154310 86 594 58 036 37478 51.093
31 328.718 161 497 58 319 80512
Avarage 198.200 116300 95550 151 000 95 250 53 060 37510
Lowosl 97.054 53.518 50 503 7081 58036 37478 31.796
Highasi 433003 333.752 1894507 337219 276735 95 532 60612
Pask flow 450.456 343.185 225561 359593 303924 121633 65 624
Doy of pouk 12 k| 5 17 21 10 3
Maonihily total
{muhon cu m) 53350 281.30 255 90 39130 25510 137 50 100.50
Runotf {mm} n 38 k1 52 34 18 13
Ravntall {mm} 109 18 65 76 76 40 ag
Statistics of monthly data for provious record {Oct 1958 1o Dac 1985)
Moon  Avg. 138.200 134 300 113 200 89 860 72 830 54 950 44 B0
flows: Low §2.91Q 49.980 47 180 35 240 32 250 24 690 19.450
{yoar} 1963 1976 1976 1976 1876 1976 1976
High 210800 384000 227600 179.600 176 100 87 220 104 100
{yoar) 1959 1977 1981 1966 1969 1982 1968
Aunofl: Avg. 49 44 40 3 26 19 16
Low 19 17 17 12 12 9 ?
Hgh 75 124 81 62 63 30 37
Ramnfob: Avg. 72 54 59 57 62 60 56
Low 23 8 13 9 18 14 18
High 138 175 16 1neé 144 148 114
Summary stotistics
1986
Foe 1986 For recard As % of
proceding 1986 pre- 1986
Mgan flow (m?s= ") 98 780 85 140 118
Lowast ysarty mean a7 020 1976
Highast yearty maan 124 000 1966
Lowast monthly maan 37,50 Jul 18 450 Aug 1876
Hiphes! monthly mean 199.200 Jan 384 000 Feb 1977
Lowas! daily moan 30 323 6 Dt 14 700 23 Aug 1976
Highest daity meon 433003 11 Jan 854 910 26 Fab 1977
Pasak 450 458 12 Jan 956 694 26 Feb 1927
10 %o 217.100 168 200 129
50 %o 89.130 60 580 114
95 %ig 31.990 28 540 112
Annyal total [milkon cu m} 311500 2687 00 116
Annusl runafl (mm) 418 353 16
Annual roinfgll {mm) 841 774 109
11941-70 ran‘all average (men) 776

Station ond catchment description
Velocity-araa station in tho navigable Trent, Main channel approx 82m; cableway span 99m. Holime sluicas 760m u/s atfect water lovels up to
medium flows. Bypassad at high flows on rb when gravel workings inundated Very substantial flow modifications owing 10 /mports, WRW's,
cooling wotar and industrial usnga‘ Vory larga catchiment with the gamut of land usage. Predominantly impervious - glacial clays and Triassic

Maris, but soma sandstonas an

® Flow influenced by groundwater abstracuon
andjor recharge

& Absuraction for public water supplies

# Flow roduced by industrial and/for
agricullural abstractions

® Augmantation from surface water and/for
groundwater.

® Augmentation from effluent returns.

imgsiones. Extensive terrace gravels and alluvium maintom boseflow




RIVER FLOW DATA

028010 Derwent at Longbridge/St Mary’s Bridge

Grid refarence 43 [SK} 356 363
Lovel stn. (m OD) 44 40

1986

Catchmant arga {sq km}- 1054 0
Max alt {m OD) 636

Moosuring suthority: STWA
Firat yeor: 1936

Daily mean gauged discharges {cubic metres per second)

DAY JAN FEB MAR APR MAY Jun AL AUG SEP ocT NDV DfC
1 20.401 49027 9.737 37 o010 19.381 13 457 6 682 5533 7826 4 369 29073 27.213
2 36 867 59 096 9 558 35 143 15.910 12 975 5.447 5323 7.342 4228 17.927 26 104
3 30211 43 119 9.777 29 289 15 702 13 056 6420 5.064 7910 4213 14 037 23493
a4 23 146 37979 19 927 24 968 15514 12 550 6525 5 265 6718 4 277 11.838 22 487
5 21.580 30 828 64 657 22155 15 440 1211y 6 584 4 952 6 404 4380 10587 20 829
8 18.188 28.728 40 925 19.915 15 351 11 625 6675 4694 6443 4186 10.299 18.978
? 18.749 22723 30 648 22478 20473 11179 6539 4.832 6145 4.590 9 452 18075
8 16 244 21.982 25703 24 481 17 269 10 962 6.338 5238 5813 4 343 9974 34478
9 16.426 19 593 23635 22094 16 630 11 332 & 079 5031 5 697 4 348 9915 35 000
10 124278 18.695 2041 19.310 16.578 18 801 6 085 5124 5 609 4432 10 560 28 658
11 66 216 17.235 18 BBO 16 692 18 470 13 784 6.107 6 200 55616 4 18% 10025 38 582
12 53 542 16.745 17 215 76 461 21,774 11 760 6 426 4901 5 J0B 4178 $335 38 609
12 78.251 t6.114 16 165 16 189 23 447 10 833 6274 5.148 5513 4,603 10 754 67 M
14 66531 15.700 15 032 16.729 24 532 10 337 6275 4.841 5247 4 667 14.433 47 855
15 68.867 14 503 15517 - 63 801 29 365 10 142 6.266 4 605 5216 4.365 19031 T 712
16 47.335 14.413 15.845 56 958 21.760 10 006 5.955 4. 840 4993 4.427 15 636 54.794
"7 38.732 14 042 15 943 93129 18.661 9876 5270 4 7583 4 944 4311 14821 56 918
18 48 144 13 419 15 870 58 227 18 120 95N 5164 4810 4 713 4927 271620 B0 149
19 £4 853 12.988 16.862 43518 20.216 9028 5 08O 4840 4815 5.335 41818 17332
20 5% 693 12.800 15511 61.7113 65 BSA 8927 5.518 5 000 4 856 6816 37726 67.388
n 61191 11.802 14 366 50 067 42.325 8 739 5167 4 594 4 888 6.702 49022 61 302
22 5% 155 11.493 14 016 45758 36.499 g 155 5.002 4 680 4962 6190 36914 4717
23 64 850 11.235 28776 39 363 30827 9581 5877 4633 4767 B 474 48 979 39870
24 52 149 10 787 43 550 37194 27694 11 382 £.354 4 381 4 699 8 804 44 834 33 749
25 36.202 10 497 31300 32.768 25 356 3688 57%3 17 265 4 536 12 462 57 857 34 864
28 30 290 10.190 36 095 29 759 240 8 790 5.506 55 996 4670 13277 70 486 32429
27 32.930 9999 42 564 28.308 21910 7957 5 050 18.938 4667 11.608% 46 124 32 84S
28 38.043 9908 38120 26 938 17.755 7414 €120 12.464 4574 10118 37199 34 307
29 48.727 39 066 256235 14667 7158 6325 9 735 4435 8622 32.291 38 813
30 83 870 386525 23.282 13.703 7158 1.207 8775 4 390 870 208.928 102971
n 56.61% 37 458 13811 6424 8 061 8 883 98 332
Avaroge 47 090 20330 25 240 34.830 22 550 10620 6049 8081 5 467 6 303 26.250 45 6§70
Lowest \6 244 9.908 9 558 16,189 13 703 7158 5 002 4 381 4350 4178 9.335 18 078
Hghost 124.278 59 096 64.657 93129 65 958 18 501 7 207 55 996 7910 132727 70 486 102.9711
Paok flow 170 506 62 568 70 244 108 889 100121 21835 8 786 B0 094 10524 19 904 103075 123 BOB
Coy of poak 10 2 5 17 20 0 30 26 26 25 25 30
Manthty total
(mallion ¢u mj 128.10 4933 627 81 8977 50 40 2791 186 20 21.6% 14 17 16.88 €8 04 122.30
Aunoft (mm) 120 a7 64 a5 57 26 15 n 13 16 B85 116
RAowntal (rmem) 188 ar 98 107 102 4B 48 1217 13 iR R 129 200
Statistics of monthly data tor previous record (Jan 1936 1o Dec 1985—incomplete or missing months tota! 3.5 yaars}
Maon  Avg. 25420 28970 22570 17.590 12 860 10 230 8 801 9213 10 640 13 630 21820 26 +70
flows: Low g.751 8 086 9110 7677 § 284 4 B0 4211 3 648 3957 4.156 4 302 8 480
{yoar) 1963 1963 1976 1976 1976 1976 1976 1976 1959 1959 1975 1975
High 67 000 16.78¢ 69 530 39.590 26 410 18.010 28 660 33840 32 940 35 130 54 320 88 690
{yoor} 1939 1977 1947 1966 ‘867 1969 1858 1856 1946 1360 1940 1965
Runoff: Avg. 75 87 57 43 33 25 22 23 26 35 64 &7
Low 25 19 23 19 16 12 1" 9 10 n 1 22
High 170 176 177 97 687 44 72 86 a1 8% 134 225
Rmnlall: Avg. 104 19 74 85 0 69 27 84 a3 87 106 100
Low 32 8 16 8 15 15 16 10 3 17 16 20
Hgh 215 238 185 132 183 188 158 185 199 178 232 246
Summary statistics Factors affecting flow regime
1986
For 1986 For tocord As % of #® Reservorr(s) in catchment
prycating 1986 mao- 1986 # Flow influenced by groundwataer abstracuion
Maan flow (m?s~ ) 21560 17 610 122 and/or recharge.
Lowakt yoarly mean 9625 1976 ® Abstraction for public water supplies
Highast yoarly mean 25 200 1966 ® Flow reduced by indusinal and/or
Lowast monthty moan 5 467 Sop 3648 Aug 1976 agicultural abstractions.
Highes: monthly mean 47 090 Jan 88 630 Dec 1965 ® Augmentation from surfece water and/for
Lowasi daily mean 4178 12 0at 1819 30 Aug 1962 groundwaoter
Highes! dady moan 124278 10 Jan 334177 10 bec 4965 & Augmentauon {rom effluent returns
Posh 170 506 10 Jan
10 %o 49 280 3% 860 127 Comment
50 %ido 14,750 11.970 123 From July. flows rmeasured using the new
95 %do 4529 4 992 9 mulu-path ultrasonic gauging siation
Anrwol totol {milign gu m) 679 80 665 70 122 at St Mary's Bridge: gnd raferance-
Annugl tunofl {mm) 645 527 122 43 (SK) 355 368
Ananual ra nfall {mmj 1202 998 120
[+941.70 roinfnl nverego imm) 1020|

Station and catchment description

Lon% curvad broad-crestaed masonry wair in D“"’g{, complax rating history, much reprocessing. Very insensitive, At high flows Oerby may flood
but bypassing small. Weir narrowed in 1971. Subsiantial flow modification owing 1o Derwent reservorrs, milling and PWS abstractions.
Suporseded by 28085 July ‘86 Large. predominantly upland catchment draining Millstone Gnit and Carb. Lst. Lower reaches dran Coal
Moasures on the Ib and Triassic sandstones and marls on the rb. Peat moorland headwaters; forestry. pasture and somae arable.




60

HYDROLOGICAL DATA: 1986

030001 Witham at Claypole Mill

Maasuning authorily: AWA Grid reference: 43 (SK) 842 480
First yoor: 1959 Lavel sin (m 0D} 16.90C

Daily mean gauged discharges (cubic metres per second)

DAY JAN FEB MAR APR MAY JON AR
1 1548 4.382 1.790 2289 359) 2.239 +.208
2 2.692 13.598 1.178 2.128 J 454 2133 1.157
3 3.190 10.138 1821 200 3417 2220 1.148
4 2 401 6510 2268 1876 3.318 2027 1.163
5 2.487 5.108 3017 1849 31520 1,944 1.224
8 2.232 4,322 2458 1.782 3.846 1.901 1228
7 1.974 3.885 2048 2.119 7817 1.868 1.212
3] 2047 3 Na 1.906 2 654 4818 1792 1.202
9 2 058 3 505 1 783 2 368 4196 1.740 1.181
10 13.891 3.224 179 2085 3786 1.839 1.135
1 7823 3107 1.738 1937 3 586 1.697 1.061
12 4611 2.998 4735 2061 3 397 1499 134
13 1.696 29N 13121 2013 3151 1428 1292
14 2.36%9 2.899 1669 2187 3567 1425 1308
15 2911 2812 1679 7516 7277 1446 1166
18 2.720 2698 161 8 628 4815 1464 1010
17 2574 2531 1.572 13 698 3720 1408 0679
8 2572 2463 1647 9147 3372 1.42% o611
19 2 601 2328 2188 5 956 3126 1.371 0.546
20 2.451 2.275 2 069 8.746 4 368 1.266 0593
0 2.560 2.228 1.836 6916 5 344 1307 0 485
22 2.587 2.128 1 860 6 669 4 214 1.282 0580
21 2. 608 2041 1879 6920 3 300 1.277 0838
24 2.287 1.98% 2.496 6188 2 843 1.586 o878
25 1.990 1937 2 290 5 699 2.702 1304 0826
26 1982 1.848 2079 4 965 2 406 1.2 Lol :¥al
27 2.010 1.816 2069 4508 2392 1235 0549
28 1.979 1817 2,234 4079 2320 1241 0739
29 438 2.094 3800 2.257 1208 0 804
30 7.812 2209 3607 2193 1.238 0894
n 4832 2.354 2215 1.129
Avorage 3.369 3617 1989 4 546 3672 1.576 0954
Lowest 1548 1816 1572 1782 2183 1.208 0.48%
Highast 13 891 13598 3.017 13 698 1517 2239 1341t
Poak flow 16 494 15 193 3244 14.697 9 749 2.620 1904
Doy of peok 10 2 5 17 7 3 30
Moninly total
trmilion cu m) 902 875 523 1178 9 84 409 2.56
Rungil (mm) 30 29 18 40 33 14 9
Raintall {mm) &5 30 44 a6 86 23 80

Statistics of monthly data for previous record (May 1959 to Dec 1985)

Mean  Avg. 2.807 3.267 2973 2 285 1,748 1124 0.781
flows: Low 0673 0.491 Q.453 0 364 03N 0 184 0062
[voar} 1965 1976 1976 1978 1976 1978 1976
High 5.527 10 650 6 995 5 748 4 695 Ji1a 2119
{yeor 1961 1977 1979 1979 1983 1985 1968
Runofl: Awvp. 25 27 27 20 16 10 7
Low -1 4 4 3 3 2 1
High 50 87 83 50 42 27 19
Raintall: Avg. 53 40 a8 49 52 53 50
Low 20 3 -] W0 11 k] 9
High 117 140 92 103 130 148 132
Summary statistics
1986
For 1986 For racoed As % of
pracedny 1986 pie: 1986
Moen low (m’s=7} 2012 1742 115
Lowns1 yeody maan 0594 1976
Highost yearly maan 2 807 1979
Lowns1 monihly mean 05684 Oct 0062 Jut 1976
Highast monthly maan 4 546 Apr 10 630 Feh 1977
Lowaest deily maan 0413 29Sop 0021 24 Jul 1976
Highast daly maan 13 891 10 Jan 31 600 11 Feb 1927
Poak 15 494 10 Jan 37 540 11 Fob 1977
10 %ila 32 3.805 100
S0 %ilo 1479 1.026 144
95 %ile 0 546 0¢335 163
Annuol totel {mikon cu m} 63 45 54 97 15
Annual runaff (mm) 213 185 15
Annual raintoll {mm) 660 622 108
1194 1-70 rainta® avaroga {mm) 625}

Station and catchmant description

1986

Catchment arga (sq km) 287 .9
Max alt. {m QD) 158

AUG Sep ocT NOV DEC

0 646 0613 Q597 0797 0851
0676 0122 0 589 0615 0 782
08441 0.799 Q53 0611 0.717
1030 0.753 0548 0614 0793
0696 0 700 0578 0 590 0879

0 580 0 680 0 608 0 607 0 807
0579 Q651 0 595 0594 0770
0.499 0.609 0586 0818 0943
0 465 0 653 0597 0 805 0931

0581 Q467 0587 0596 0930
1592 Q590 0538 0627 1.126
0922 0524 Q 536 0602 1 467
0872 0552 0554 0604 2.029
0599 0712 0561 0712 YA
0536 0538 0 560 0918 221
0618 0581 0559 0758 2485
0.656 0585 0613 0582 1.748
0 881 0551 0634 1.087 21
0.934 0495 0579 1162 2 348
0862 0529 1065 1403 1.918
0 668 0597 0646 3178 1.622
0.538 0807 €530 1675 1,492
0 599 0626 0576 1272 1440
Q581 0602 0574 107 1 348
1.224 0509 0599 1037 1441
3.203 0 580 0 562 1470 1486
1996 0573 0578 130 1428
1008 0512 05! 1.088 1373
0 869 0413 0562 0966 1418
Q722 0 648 0584 0856 3.60
0.648 0578 3642
[¢:1-¥] 0 600 05584 0961 1.550
0 465 0413 Q530 0 582 010
3203 0799 1065 3178 3642
4672 1108 1944 4 056 5132
25 9 20 21 30

21 1 55 159 249 415

8 5 5 8 14
98 11 37 61 69
0 786 0725 0917 1417 2160
0.136 0232 0218 0278 03
1976 1959 1959 1959 1964
2376 2 886 3 306 6 528 7.879
1980 1968 1980 1960 1965

7 3 12 19

1 2 2 2 3
Fal 25 35 57 n
62 52 48 57 57

5 3 5 24 13
127 127 137 115 142

Factors affecting flow regime

& Abstraction for pubhc water supplies

An old wair o1 thrae lavals with 8 tota! widih of 24.99m convertad into a standard Les designed broad-crested weir Itis rated thooretically and
there i3 no bypassing or drowning Low flows in summaer are modarately influanced by transfer of water from Rutland Water and abstractions for
pubdic supply o1 Sattarstord. The caichment 1s clay {50%) with limestone {40%] and gravel. and is largely rural




RIVER FLOW DATA

032001 Nene at Orton

Measunng authonty. AWA
First yoor: 1939

1986

Catchment area (sq km)- 1634 .3
Max alt. [m QD) 224

Gnd reference: 52 (TL) 166 972
Lavel stn {m QD) 3.40

Daily mean gauged discharges icubic metres per second)

" Station and catchment description

Cay JAN FEB MAR APR MAY JUN AL AUG SEP oCT NOV DEC
t 14 702 19 869 7 44% 28 688 11 259 9252 2.269 4 811 3185 4373 5513 9190
2 31.504 38316 7.192 21463 12 706 8261 2223 3699 4032 5108 7118 10196
k] 38.40: 51.201 70786 14 095 11 688 8650 27115 -3.434 3 605 5042 7768 10 0E8
4 31.744 47 53% 7701 14 247 11.445 8788 3790 4608 4257 3764 7 081 9.642
5 24.258 36.788 17 638 10 705 111580 8 546 2419 5.330 4 020 4369 6411 9 256
] 32.261 27.79% 23 455 12 387 10.651 7167 2327 3.607 3 707 4382 5939 8592
7 21.583 17.755 13 662 15.115 13432 7.650 4 244 231 3638 4217 5974 8 546
a 21 766 15.702 12 364 33.960 11.919 6815 4.904 2994 3.361 4 187 5936 8 633
9 18.907 13 069 10 683 30 357 11126 6610 3958 4152 4045 4358 6.301 9645
0 53 059 12.97% 10 342 20.965 11.192 5.020 2.356 4329 3850 4.360 6147 10 631
11 54 429 14 708 6.081 12.125 9184 73719 1999 7824 4128 4.168 623 10919
12 57 8561 13 061 9.297 14,537 104314 4 895 2 466 9 842 4221 4.134 6 759 15 189
13 55 914 13.472 8 318 13.812 10228 4932 2547 4 946 5.923 4139 6910 18.763
14 48240 13 459 6 487 11.766 10093 7.588 2 396 3.155 7734 3.920 7827 22.187
15 35 051 12972 T 327 16.551 24 501 4198 2574 3.292 7633 3 655 12 548 22222
16 15.152 12100 6 447 33.068 22 057 4,183 I 3.212 3637 3 6689 15697 31045
17 19.878 11.772 4 292 36 843 13 468 a8 4054 3632 3.625 3809 10 092 28.813
18 17 441 11625. 6.875 38 194 11 345 4.559 3931 4.185 3839 Jsaa 10 B4g 22 445
19 18.241 11.817 9 B89 37512 10877 4.064 3606 4413 3 894 1987 17 988 24 249
20 18 801 11195 19.651 34 484 29 M7 3852 3704 43717 3897 6 060 28 592 15 106
21 19.232 10 504 10.720 42 983 57 928 s3I 3826 3.720 3822 6.841 32 081 14,563
22 17.148 10529 9472 41012 44 Bi8 €.052 3645 3.797 4 536 6944 35 19 12.284
23 21001 10 009 §947% 40.162 17 412 5798 3799 3922 4475 €.432 30879 13.243
24 27.434 8.727 $1.429 41839 17 987 3.8 3.898 3839 4 204 5739 16476 11584
25 12.833 4358 17 399 29396 12 439 4.429 4 068 4359 4138 5653 18 919 11.39%
26 11187 9290 12 854 23 249 $12.160 4218 4 004 2161 4 368 5.358 15 940 12 408
27 12.425 5.780 12 455 18 501 11.012 3.027 4017 18.585 4 257 52 19 562 12471
28 13.243 7 596 17 340 15 628 10 402 2.903 a5 7.546 4 205 5394 17 584 10.683
29 13.765 29.499 16.709 10678 2.548 2 664 7028 4 29 $ 150 10023 94970
3o 23097 24 991 11.648 9 769 2 345 3.651 5 700 4 315 5258 12 830 22.061
n 23.356 28.074 9 00C 4 462 4120 5.207 37,970
Average 26510 16.950 12 450 24 430 15,550 5.608 3.343 5559 4301 4.802 13,230 15.280
Lowest 10187 4 356 4292 10.705 9 000 2.345 1999 231 3185 3 6685 5513 8 546
Highast 57.851 51 20% 29 439 42983 57 928 9252 4.904 21601 7.234 6944 35119 37.9720
Poak Now 59 016 55721 41277 48.990 62 447 11025 5219 30537 10 463 8 033 40 652 41.850
Day of paux 13 3 29 Fal 21 14 7 26 16 2 20 3
Monthly total
{melon cu m) 7100 41 00 33135 53.48 4164 14 54 895 14 89 111% 12.86 3430 40.95
Aunoft tmm) 43 25 20 39 z2h 9 5 9 ? B 21 25
Raintoll imm} 69 25 58 69 7 18 a4 122 26 51 7 7
Statistics of monthly data for pravious record (Jan 1939 to Dec 1985 —incomplete or missing months total 1 3 years)
Moan  Avg. 16 980 18 210 16.360 10170 7 350 5108 3736 3.690 I 2 4423 9 246 12 99¢
flows: Low 2020 1.608 1440 1299 0915 0 536 842 0482 0 738 1.013 1141 1 841
yoaor} 1939 1939 19339 18939 1939 1944 1843 1944 1943 1947 1947 1947
High 48.170 49.750 79 840 35 040 27 G690 13010 20 060 20470 20090 22120 40 560 42 550
{yasr) 1959 19727 1947 1979 1983 1977 1968 1980 1968 1960 1960 1954
Runoit: Avg 28 27 27 16 12 8 6 6 5 ? 15 21
Low 3 2 2 2 2 1 1 1 1 2 2 3
High 18 14 3 56 45 21 33 34 32 kil 64 70
“Ranfoll- Avg. 55 41 48 a2 54 55 51 83 53 61 61 56
{1940- Low 20 3 5 ] 10 5 5 3 3 5 1+] 12
1985) Hgh 109 1M1 132 91 117 156 123 110 127 130 1546 124
Summary statistics Factors aftecting flow regime
1986 .
For 1986 For record As % of ® Reservoir(s) in catchmaent,
peecedhing 1986 pre-i986 ® Abstraction for public water supples.
Maan flow (mis~ 1) 12310 9 248 133 @ Flow reduced by industrial and/or
Lowast yoorty rmoan 2772 1944 agricultural absiractrons
Highost yoarly moar 16 170 1979 ® Augmentation from effluent returns
Luwest monthly manan 3343 Jul 0482 Aug 1944
Highast monihly mean 26 510 Jan 79 840 Mar 1947
Lowest daly moan 1.999 11 5 0 08s 29 ha 1948
Highes! dmly moan 57928 21May " 2192813 1B Mar 1947
Peak 82447 2} May 382 300 18 Mar 1947
10 %o 208.520 24380 17
S0 %o 9141 4. 600 199
95 %de 3 o 1.079 288
Annuai totol {milion cu M) 388 20 29 80 133
Annual tanolf {mmy 238 179 133
Annusl ra nlall {mmy} 701 630 111
| 184 1-70 roinfall sveraga {mmj 624)

Serias of sluices. weirs and a lock. Ratings rovisod and hisioncal data atiered in 1975 and 1983, Ultrasonic géuge tested in 1976 bul
abandoned. Flows sbove 17 cumecs measured at Wansford (32010} 12km upsweam and corractad for smaller area Wanslord 1s o rated
saction, and ratings and duata were revised in 1981, Water abstracted a1 Wansford and sent to Rutland Water, with significant effact on low
flows. Lowest gauging point on Nane. Mostly clay {72%) and rural. but includes some towns ond soveral small ras8rvoIrs
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HYDROLOGICAL DATA: 1986
033002 Bedford Ouse at Bedford 1986
Maosunng outhority: AWA Grid reference 52 {TL} 0S5 495 Catchmery area (sq km) 1460 0

First yoar: 1933

Daity mean gauged dischargas [cubic rmetras per second]

Leval sin. {m OD):

24.70

DAY JAN FEB MAR
1 19.400 28 800 & 200
2 31300 43 500 4.000
3 50 600 51.800 6.200
4 47.000 45 800 8.100
5 38.000 32 000 34 BOC
8 40.200 25.700 34 900
7 2%.200 21900 21.200
8 29.200 19.500 13.600
9 39.100 16 300 13 000
10 58 200 14 400 12.100
1 86.200 13.400 11.200
12 80 700 12 600 10 600
13 67.500 11.800 9 800
14 33.900 11.600 8.500
15 25.700 11.000 7 500
18 24 100 10 000 7.800
17 19 400 9 800 7.400
18 16.900 8 500 7 600
19 17.200 8 500 10.200
20 18.800 8.100 14.200
Pa| 14.900 7.800 13.000
22 17.900 7.600 11.100
23 27 800 7 200 9 900
24 22.600 6.500 11.400
25 16.200 6 300 13.800
28 12.700 5.800 11.700
27 12.800 5.400 13 000
28 14 800 6 000 24300
29 16.100 38 600
30 26 700 34 900
kB 31.100 39.100
Avetage 31100 16370 15.210
Lowost 12.700 5 400 £.000
Highast 80 700 51 800 39100
Paoh flow 86 400 53 100 44 700
Doy of pook 12 3 6
Monthly total
imdion cu m) 83 29 29 60 40.74
Runofl imm) 57 27 28
Raoinfall {mmi} 75 21 80

Statistics of monthly data for previous record {Jan 19223 to Dec 1985)

Mgon  Avg 19 280 20 240 17 250
flows Low 2606 2.233 2409
(yoar] 1934 1965 1944
High §5.180 53 300 682 020
{yoar} 1938 1977 1947
Runoff: Avg. 35 34 32
Low 5 4 a
High 101 88 14
Ra nfall: Avg. 58 42 a9
{1934. Low 15 3 5
1985; High 124 111 140
Summary statistica
For 1986
Mnan flow {mls='} 12020
Lowast yoarly mosn
Highest yosrty maan
Lowast monthly moan 3.103 Sep
Highest monthly mean 31100 Jan
Lowest dmly mean 2150 30 nd
Highas1 daily maan 80.700 12 Jen
Poak B6 400 12 Jan
10 %l 32.130
50 %ile B8 541
95 %ila 2 540
Annuol 1018l {mdlion cu m) 410 60
Anayal runolt {mm;) 2m
Annusl rointa? (mm}) 704

11941-.70 rmnlall average (mm)

Station and catchment description

APR MAY JUN AN
31000 12 600 7 200 3 200
24 100 9400 7.400 3 000
38 000 10.600 7100 3000
43 500 10.200 1100 3 200
28 300 10 100 & 800 3 400
21,900 11 000 6.000 6 000
19.80Q 11000 s 700 5 400
26.100 10 600 §.700 4100
27.800 10.600 5.400 3.700
20 900 10 000 5 400 3 400
16.000 9 600 5 600 3500
14.300 9.200 5 600 3300
13 300 8900 5.100 4 800
16 000 8.8900 4.400 a4 500
25 000 13 300 S100 3900
38 600 16 800 4 900 3.500
40 200 12.900 4100 3.200
39 100 11.400 4 300 3 000
37.000 10 600 4 200 2.800
33.900 32 200 3.900 2.500
50600 47.000 3 000 2 800
43.500 45 800 3.600 2 BOO
37 000 24 400 4.000 2.100
32 900 14 700 4 900 2 600
26.300 11,100 4900 2 800
24 100 9 500 3900 2 600
20.500 8.700 3500 2 700
14.400 7.800 3 500 3.200
13 800 6.900 3400 2 300
12 300 & BOO 3 300 2150

5.800 2 600
27 760 13820 4970 3344
12 300 5 900 3 000 2150
50 600 47.000 7.400 6 000
55 600 53 100 8.500 6.900

21 22 2 &

7195 37 00 1288 B8 95

49 25 9 8

&8 69 21 a5
10710 7 147 4474 3

1.994 1.412 0484 0088

1976 1934 1934 1934
31 480 28 290 14 280 19 08C

1951 1983 1885 1868

19 13 8 6

4 3 i Q
56 52 25 35
a4 86 53 52

3 10 8 5
96 13 n9 120

1986
For racord As % of
preceding 1986 pra- 1986
9 896 132
2 401 1934
18.890 1937
0038 Auy 1934
62 020 Mar 1947
¢ 008 31 Apg 1934
278.100 15 Mar 1947
26 100 123
4435 193
0903 281
312.30 131
214 131
651 108
850

Max alt {m QD) 247

AUG SEP ocrt NOV DEC
3000 3.700 2 400 5 800 9 300
2 900 3 500 2 500 10 500 9 600
3.100 3 600 2.%00 10 800 8 300
4 800 3400 2 900 7 700 8 500
4 800 3100 2.600 6 300 & 500
4 200 2 900 2 500 5 600 9000
3 600 3000 2 500 5 600 9.500
3 000 3000 2 500 5 200 8 300
2.900 2,500 2 500 5 400 9 300
3400 2.500 2.500 5 000 9 300
4 300 2.300 2 500 6 800 9 100
7100 2300 2.500 9 300 13 800
5.300 3 000 2 500 10 500 18 BOO
3 900 5 500 2.500 11 500 27,500
3 300 7 600 2 500 15 400 26 100
3 000 4.900 2.500 20.900 34 900
2.700 3.700 2,600 15 200 41 300
3100 3.300 2 600 12 800 31000
3500 2 600 2 700 16 200 29.200
5100 2.700 3 300 25 200 21900
4 300 2.500 6 500 25 800 16 600
3 500 2 500 8 900 33.800 14 900
3400 2 500 8700 27.300 13 600
3300 2 500 6 500 21800 11 100
3800 2 400 5 200 18.400 12,700
7 400 2 400 4 800 16 800 21.200
14 100 2400 4 800 20 900 23.900
10 700 2 240 4.900 19 300 17 800
5900 2240 5 100 14 200 15 600
4.900 2 300 5 300 12 300 25 200
3 900 5 400 48 200
4 587 3 103 3797 14130 18.280
2 100 2 240 2 400 5 200 8.600
14100 7 600 8900 33 800 48 200
14.700 8 400 9 300

27 14 22

12 29 804 1017 16 B2 48 96

8 6 ? 25 34
5 27 62 75 74
274 2767 5 100 11 050 15 400
0038 0270 0452 1149 1532
1934 1934 1934 1934 1964
14.400 18 000 26 410 43 7180 40 400
1980 1968 1966 1960 1960

£l 5 9 20 28

0 o] 1 2 3
26 32 48 78 74
61 54 58 &4 60

3 3 4 10 13
138 110 137 178 128

Factors affecting flow regime

# Researvoir(s} in catchment.

® Flow influanced by groundwater abstraction
and/or rocharge.

® Abstraction for public waler supplies.

@ Flow reduced by industrial and/or
agncultural abstractions.

® Augmaentation from etfluent returns

3 broad-crosted wairs, 30m, 20m and 12m wide supplementod by 3 vartical sluice gates which are either fully opan or shut. H?h flow rating

confirmed by current mater measuraments. Records befora 1959 based on daily gauge boerd readings and gate openings. In 187

station built

at Roxton (d/s) - to achieve a better record. Significont surface water and groundwatar abstractions i catchment for PWS. Geology -
predominanily clay. Land use - agricultural with subsiantial urban development over last 15 years {inc Milion Keynes).




RIVER FLOW DATA

034006 Waveney at Needham Mill

Gred reference 62 (TM) 229811

Mgasunng suthonty: AWA

First yoor: 1963

Daily mean gauged discharges [cubic matres per second)

DAY

LB =

14] 1

B 1

Avermge
Lowast
Highast f

Pook tiow 1
Doy ol peok
Mantnly total
{mlhon cu mj)

Aungit [mm)
Aainfak {mm)

Statistics of monthly data for pravious record [Dec 1963

Moon  Avg.

flows: Laow
{year}
High
tyoar)

Aunoft: Avg
Low
H.gh

Ruinfot: Avy.
Low
High

JAN

2545
7910
8.957
4 640
7.005

5 BEE
4821
6368
9.268
0892

0 650
5 764
47119
4015
3000

24
2037
2878
5952
5 206

S
5 438
5.536
3.574
2426

2.032
2084
2043
1978
1.913
1710

4733
1770
0 B8392

3
10

12 68

34
64

31816
0 609
1973
7132
1969

28
4

52

51
16
80

Summary statistics

Muean flow [(m?s~')

Lowast yeorty maan
Highost yearly moon
Lowes! monthly mean
Highast monthly mean

Lowes! daily maan

Highest daity moan

Paos

10 %1l

50 %ilo

96 Kiln

Anngal total (rallgn
Annual runoit {mm)
Annual rainfal {mm)

cum)

FEB MAR
1940 0759
3923 0.781
6.687 0 808
4438 1.323
3.382 2474
2619 2 295
2100 1.718
1.861 1406
1.706 1.361
1.477 1351
1243 1.815
1.297 1617
1317 1.477
1378 1.228
1312 1.108
1185 1.102
+.156 1.081
1109 1 064
1052 1738
1.009 2.179
1018 1901
0 961 1915
0 B85 2477
O Bag 7030
0.831 7012

0 749 3864
o710 4.187
0.712 3 804

an
2.719
2586

1.743 2.238
Q70 0759
6597 7.030

7296 2.215

3 24
422 £ 499
11 16
186 55

J3.544 2.561
0722 0591
1965 1973
10 670 7 666
1979 1981
23 19
8 4
70 55
38 43
0 10
72 96
For 1986
1.773
0412 Sap
4733 Jan

1194170 raniall svgrage imm)

0127 18 Awg
14873 31 Dec
16.245 31 Dec
4.427
1007
0359
5591
161
668

Staotion and catchment description .
A compound Crump warr 8.5 m wida in tho mown channel with o single crested Crump in tha mill bypass. Sluice acton at a mill 2.4 km upstream s
infraquant but is evident in flow records. Surface water obstractions, and the usa of niver grovels as an aquifer, influence flows but the overall
mpact is minimal. Predominantly a Boulder Clay catchment with largely rural land use.

Lovel stn. (m OD}. 16 .50

APR MAY JUN L
1.912 t 103 0764 0.349
2292 3147 07219 0 345
5220 t 169 0773 0 342
3914 ' 039 1158 0 349
2.869 0986 04987 0782
2360 L 049 0810 1 380
4 448 + 828 Q102 0755
7058 } 320 0816 0 600
4 857 1226 0590 07713
3INE 1203 0 569 0 600
2341 1.049 0 805 05N
2183 0987 0583 0.488
1.745 0956 0.569 0474
2059 0 B87 0511 047
2075 0976 0474 0447
1973 0936 0 465 Q443
2324 0782 0474 0.413
3 259 0 764 0 456 0.392
2378 0702 0430 0401
488! a711 o4 0.405
5067 0801 ¢a17 0 4039
4118 Q737 C 405 0417
2.884 0728 0535 0.421
250 a ro2? 0.555 0422
2002 0 605 0479 0.461
1.656 0585 0.430 0 835
1777 0 545 0417 0.492
1.536 0 555 0 392 0428
1.32%9 0.545 03561 0417
11838 0530 0 345 0413
0.564 Q439
2941 0893 05N 0502
1.188 0530 0 345 Q342
7 0S5 1825 1158 1.380
8.323 2100 1192 1634
8 7 L) 5
162 239 t 48 135
21 G 4 4
56 52 n 65
to Dec 1985)
1.986 1191 0 801 0510
0 487 0 369 0 285 0 285
1974 1974 1974 1974
5.646 3255 4 302 [¢R-2V]
1983 1969 1985 1985
14 9 ] 4
3 3 2 2
40 24 30 ?
43 48 52 44
9 10 10 1
86 97 132 a2
1986
For record As % of
procecing 1986 pea-1986
V773 100
0537 1973
2.730 1969
0281 Sep 1964
10670 Fub 1979
0189 23 Auy 1973
89 780 16 Sep 1968
113.300 16 Sep 1968
4130 107
0.772 130
0323 11
55 95 100
151 100
589 13
603]

1986

Caichmant sres {sq km): 370.0
Max ali. {m OD} 65

AUC SLP acT NOV oeC

0405 0 a4? 0372 2.085 1.417
0388 0 456 0376 1996 1 301
0 469 0 469 0372 1368 1.201
0773 0479 0364 1.215 1043
0 764 0447 0 349 1103 1.176
0811 0 405 0345 C 966 1.417
0540 Q384 0 365 ¢B38 1354
0 461 0372 0372 0986 1.354
04230 Q0372 0368 1.192 1268
0401 02372 0368 1081 1.043
0.426 0372 0361 1 060 1006
0585 0372 0342 0.997 1 048
0.540 0 405 0 349 G987 2 280
0456 0555 0 405 0987 2 884
0can 0 600 0711 1.581 3767
0.392 o511 0O 748 2148 5117
0.349 0465 0545 2 055 3842
0327 0426 0 492 2542 6525
0.338 0409 0 469 4 545 5479
0 345 0401 0897 3 596 3486
0 345 -0 384 1 380 1616 2651
0388 0372 2 460 5 254 2112
0447 0378 1634 3.523 2.132
0.520 0376 0 9486 J.164 2 380
0516 03n 0782 3252 9274
1504 Q372 0 685 2.900 1081
1.296 0 368 0685 2222 5 440
0 782 0 349 0.857 1853 39508
a6 0338 0997 1.674 3349
0 545 0242 0926 1.568 11 867
0474 0 896 14873

0543 0412 0688 221 3.768
o327 0338 0342 0838 1006
1504 0 600 2 460 7616 14 873

2055 0651 2953 8.791 16 245
26 14 22 21 N

146 107 184 5.73 1009

4 3 ] 15 27
a8 28 82 57 74
0496 0886 0848 1821 2922
0 232 0261 0 352 0.397 Q492
1973 1964 1964 1964 1964
1250 g 754 28912 8852 8 380
1968 1968 1974 1874 1965

4 6 ] 13 0

2 2 3 3 4

9 &8 21 62 61
47 55 49 64 55

? 2 4 25 18
108 161 118 150 <100

Factors affecting flow regime

® Flow reduced by industrial and/for
agricultural absiractions

® Augmentauon from surface water and/or
groundwaler.




HYDROLOGICAL DATA: 1986

036006 Stour at Langham 1986

Muoosunng authonly: AWA Grid roference: 62 (TM) 020 344 Catchment area {sq km) 578.0
Firsy yeor; 1962 Lovel stn {m OD): 6 40 Max alt. {m OD): 128

Daily mean gauged discharges icubic metres per second}

DAY JAN HEB MAH APR MAY JuN JuL AUG sep ocT NOV [¢:144
1 2.921 4.788 1498 4884 2335 1643 0521 0736 08?7 1269 1528 2161
2 7272 7.616 1643 4.729 2510 1556 0674 0514 0990 1.168 3137 1.959
3 12.492 11.299 1.596 J &84 2581 1 60S 0971 C 964 0 890 O 984 1413 1 947
L} 6.743 7.437 2.9 4.057 2.333 1 562 1.006 1.230 0 905 0.896 1.958 1.810
5 4.777 5.418 377 31387 227 {354 2718 1124 0941 0 380 1607 1917
8 5501 4381 4 850 3208 2 405 1240 3105 o831 0877 1 016 1549 3297
7 4074 3.483 2.924 3.307 2.495 1126 1.415 0 685 0828 o 1468 3.141
a 6 481 2 457 2408 4704 2 700 1 058 1152 0729 Q B06 0975 1374 2990
9 11 853 2858 1754 4 584 2305 § 001 1032 071 0774 0.992 1948 239
10 10.787 2018 223 4.022 2.161 0928 ' 056 0667 1082 0975 2.286 2226
1 12212 2456 1.93a 27110 2160 1117 161 1112 0 8as 0947 1. 8988 1 804
12 6 547 2 049 1 883 2 78% 1 864 1173 1.32% 0 846 0841 0 850 1619 1 906
13 4 938 2274 1.875 2689 1.797 11851 1335 0892 1026 O 882 1517 2423
14 4 067 1534 1720 2924 1.843 1144 1.289 0767 1472 1.186 1577 36
16 3118 24M 1817 3 907 1819 1038 1200 0 649 1456 15619 3.54%5 3 602
18 2.812 1.752 1.706 6.154 1840 Q768 1.175 Q.700 1.250 1.492 4832 070
17 2291 2088 1648 8 035 1 690 0 680 1.100 0699 1.119 1031 32232 4 405
18 2,589 1.925 1.873 8822 1635 0 B24 1.050 0663 Q915 1.041 2422 7992
18 3.179 1.895 1978 5 599 1 460 0818 1045 0697 0 955 1.176 7.729 7207
20 4537 1645 2.3 B8.302 1591 0 190 1113 Q.724 0 946 2.11% 5924 4 586
2 3.986 1669 2129 14 242 151 0821 1062 0751 0912 3263 10797 2724
22 6.001 1.652 2.080 10.272 1378 0.eal 1322 Q82 0897 4 870 11892 2928
23 8 000 1853 2 288 6 761 1420 1 000 1387 0 803 1 005 3 349 6 880 2135
24 5454 1618 4416 4582 1456 0 738 1428 0820 1132 1941 B 949y 2230
25 3113 1632 5013 3533 1444 0913 1429 1048 0931 1734 4 999 7 BE6
26 2.203 1,425 2991 8917 1.330 0 868 1211 2875 1.027 1215 4123 16.328
27 2.730 1.447 3128 5.504 1.439 0833 1152 1944 101 1.253 3.225 7.591
28 2912 1525 4 580 3.737 1022 0781 0979 1374 } 046 0963 1916 4721
29 2.910 4478 3152 1 038 0.167 1 026 0 696 1 034 1.233 2673 4 364
30 8.996 3842 2.739 1.138 0697 1025 0 906 0924 1425 2.168 13 541
n 5.990 480 1356 1037 0867 1.372 21530
Avorage 5.532 3.014 210 5.133 1.816 1028 24 0930 09 1460 3727 4 986
Lowonsl 2.203 1425 1498 2689 1.022 0 680 osn 0514 0774 0850 12374 1 804
Highost 12 492 11.299 5013 14 242 2 700 1643 3105 2875 1472 4.970 11 892 21530
Paon flow 17627 12 544 8510 16 807 2849 1740 5 9B 3588 2 100- 6081 157718 23310
Day of posk 2 3 25 21 8 2 S 26 14 22 22 31
Manthly Lotal
{mehion cu m) 14 82 129 723 13N 4 86 266 32 248 257 39 9 66 1335
Runoff (rmm) 26 13 13 23 8 5 6 4 L} 7 V7 23
Rantall {mm} 59 15 50 57 47 19 63 B84 27 85 51 59

Statistics of monthly data for previous record (Oct 1962 to Dec 1985)

Mgan  Avg 5309 5094 4788 3.509 2.454 1487 0 989 0968 1067 1559 27 4100

flows. Low 1398 0884 1597 1218 0757 04583 0190 0209 0 395 0509 0578 0693
[yoor} 1965 1965 1976 1974 1374 1965 1976 1976 1964 1970 1964 1964
High 9.262 12.980 9774, 9.335 725632 3oz 1672 2108 4 944 6237 11 340 10 550
(yoor} 1971 1979 1981 1983 1983 1985 1985 1968 1968 1982 1974 1965

RAunoft: Avg. 25 22 22 16 12 ? 5 4 5 ? 12 19
Low 6 4 7 5 4 2 1 1 2 2 3 3
High 43 54 45 42 34 14 [} 0 22 29 51 49

Rontall. Avg 48 i) 46 a4 49 82 43 49 52 47 61 53
Low 15 12 12 " 12 10 8 11 1 3 20 13
High 8s 63 93 99 100 118 a7 105 118 128 185 107

Summary statistics Factors atfecting flow regime

1986
For 1986 Fot recoed As % of ® Flow reduced by industral and/or
preceding 1986 ore- 1986 agricultural abstracuons.

Moon flow {mls= 1} 271 2830 96 ® Augmentation from surface water and/or

LOwast yoorty moan 1.428 1973 groundwaler.

Highast yasrty mosn 4077 1979 ® Augmentation from affluent returns

Lowaost monthly mean 0930 Aug 0180 Jul 1976

Heghoat monihly moan 5532 Jan 12.980 Fab 1979

Lowast dmly maan 0514 2 Aug 0094 9 Jul 1976

Hghost dady moan 21530 3% Dec 42.940 31 Dec 1981

Paak 23310 31 Dec 91.000 17 Sep 1968

10 %ilo 5 964 6.210 96

50 %ile 1.700 1.804 106

95 %ile 0751 Q 505 149

Anarggt 10181 {mdlion cu M) 85 49 8311 96

Annug rungtl {(mm} 148 155 96

Anrual ranfall {mmj) G3i6 579 19

11941-70 rawrtall average Immi 601}

Station and catchmant description

Twin-trapozoidal lume with throat tapping. Spillway channel with woir consiruclod Doc 85 takes some flow above 1.45m. Bypassing also
occurs cvar opposite bank above 1.85m. Addiucnal bypassing possible from 0.5km u/s during extreme evems. Naturalised flows up 10
Sept.76. Flow augmentod by intarmittent pumping from Ely/Ouse Transfer Schomo and occasional SAGS borehole pumping. Predominantly
rural ¢catchment underiain by Cholk - outcropping n N, London Clay in S, all covernd by semi-pervious Boulder Clay.




RIVER FLOW DATA

038003 Mimram at Panshanger Park 1986

Moasuning authority: TWA Gnd reference. 52 (TL) 282 133 Catchment area {sq km) 1339
First yeor 1952 Levo! stn. {m OD): 47 10 Max alt. {m OD}. 193

Daily mean gauged discharges (cubic metres per second)

DAY JAN FEB MAAR APR MAY JUN S AUG SEP ocT WOV ctC
1 0510 0.5056 0.436 0441 0.509 0.649 0425 0387 0448 02327 0 456 0418
2 Q488 0513 0432 0 564 0 584 0570 0425 0 382 0455 0326 0 364 0433
3 0424 0474 0430 Q460 0 560 0582 0417 0632 0448 02326 0413 0417
4 0455 0 464 0.500 0442 0 541 0.544 0522 0494 0421 0321 Q362 0413
5 D412 0477 0463 0469 0559 0536 0788 0423 0 407 0317 0 356 0509
6 0 406 04 0.453 0473 0.547 0.539 0520 0 354 01399 o3n 0 342 Q426
? 0462 0 46% 0439 0576 0 568 0 554 0463 0387 0375 0.304 0 349 0427
8 0 550 0461 043) 0493 0 586 Q547 Q573 G376 035 0296 0422 0 440
9 0 444 0453 0.435% 0.477 0579 0.550 0483 0370 0 348 0 296 0 350 04n
10 0532 0 448 0435 0483 0 560 0 550 0486 0440 0 348 0.298 0 396 0418
1" Q4aay 0 449 0427 0.482 0 558 0 589 0502 0 398 0349 0296 0372 0 ag
12 0432 0 448 0.428 0.5 0532 0.551 0556 0397 0 344 0 302 0347 0470
13 0443 0 449 0428 0522 05156 0536 0.487 0.383 0 569 0.302 0 396 0 505
14 0423 0 448 0422 0525 0.554 0506 Q460 0382 0453 0554 0522 0436
15 0428 0 446 0417 0 560 0532 0 507 0442 0372 0411 0397 Q415 0623
18 Q413 0438 Q414 0552 0515 0 492 0428 0378 o3 0329 0.3M 0474
17 0424 0 443 0.406 0.550 0550 0.482 0426 0 3%0 0 365 ¢330 0420 0578
18 0429 0 445 0512 0516 0520 0484 0426 0476 Q1353 0 350 0563 049
19 0455 044 04723 0.553 0.509 0 460 0421 0423 0352 0 406 0510 0 465
20 0418 0439 0 445 0598 1.510 0454 0.430 0.397 0362 O 6B5 0 609 0487
n 0453 0438 0416 0.622 0758 0 458 0423 0414 Q355 0628 0 503 Q456
22 asn 0437 0447 0.547 0624 0.483 0419 0.698 0 340 04239 0453 0 451
23 0439 0438 0.495 0.59% 06 0 495 0430 0are 0 336 0382 0 465 0 445
24 0420 0439 0 487 Q620 0 6808 0 469 0a1? 0 440 0333 0382 0 485 0480
25 0412 0431 04319 0 559 0 609 0457 Q428 1020 Q332 0359 0 a%0 0 600
28 0410 0427 0483 Q.65 060 0 454 0430 0644 0332 0345 0433 0476
27 0513 0427 0.508 0.557 0 588 0 446 0419 0 508 0333 0380 o421 Qa6?
28 Q459 0429 Qa4 0.549 0 605 0437 o410 0 468 0332 03786 0418 0 466
29 0504 0479 0.531 0 803 0431 0397 0458 Q326 0327 0420 Q 586
30 0 482 0512 0517 0593 0427 0 389 0.463 0328 0342 0420 0623
kAl 0447 C 484 0634 0390 0 454 0 406 0579
Avarage 0453 Q452 0452 Q.81 0608 0 508 0 458 0462 0376 0370 0427 0481
Lowaest 0 406 0427 0.406 0441 0509 0427 0 389 0370 Q326 0296 0342 0413
Highast Q550 0513 0912 0622 1510 0.649 0.788 1.020 0 6569 0 685 0 609 08623
Ponk flow 0917 0586 0.830 Q9875 3 0680 0810 1290 2170 0823 1 800 1080 1040
Doy of poak 1 2 23 23 20 17 5 25 13 20 20 33
Monthty totsl
{mullwon cu my) N 109 1 138 1.62 132 1.23 124 09 099 T 129
Runoff {mm) ] 8 9 10 12 10 9 9 T 7 8 10
Rantall {mm} 77 19 55 78 65 14 57 az 34 82 72 67

Statistics of monthly data for previous record (Dec 1952 1o Dec 1985)

Masn  Avg. 0583 0 645 0672 0 658 0620 0583 0aBs 0 an0 0423 0412 0448 0 505
llows. Low 0244 0 289 G258 0 260 0216 Q186 0163 0144 0 1856 01 0176 0 389
{yoar) 1974 1973 1973 1973 1976 1976 1976 1976 1973 1973 1973 1973
Higk V02 t 167 1119 1050 1084 087" 0803 0762 0632 0638 01239 1 005
{yoar} 1961 1861 1961 1979 1979 1979 1979 1979 1968 1968 1960 1960
RAunoif: Avg. T2 w2 13 13 12 1 10 9 B 8 9 10
Low 5 5 5 5 4 & 3 3 4 4 3 4
Hign 22 0 22 20 22 19 16 15 12 13 14 20
Rantall Avg 5% 42 49 44 52 60 53 57 56 58 62 63
Low 17 3 3 5 15 5 5 7 5 5 20 13
High 104 96 116 108 115 122 123 127 121 142 161 119
Summary statistics Factors affecting flow regime
1986
For 1986 For record As % of # Flow inlluencad by yroundwater abstraction
pracoding 1986 pte- 1986 and/or recharge.
Maan Tlow [m?s" ") 0.465 0.538 86 & Flow reduced by industnal and/or
Lowas! yoorly mean 02N 1973 agnicultural abstractions
Highest yearly moan 0767 1961
Lowast monthly maon 0370 Oct 0.144 Aug 1976
Highast manthly maan 0.608 May 1.167 Fab 1961
Lowasl dady mean 0.296 8 Oct 0135 21 Aug 1978
Highost dedy moan 1510 20 May 1810 15 Sap 1968
Poak 3060 20 May 3 541 30 May 1975
10 %ilo 0574 0792 12
50 %ile 0.449 0513 88
95 %ie 0.332 0.238 140
Annusl 10t t(mdion cu m) 14 .65 16,99 86
Annus! runoft {mmj 109 127 86
Anrusl ranfall (mem) 705 651 108
[184 170 ranfall avorago (mm) 8a1]

Station and catchment description .
Criucal-depth flume; 5m gverall width. Theoretical calibration confirmed by gaugings. All flows contaned. Shght diminution of flows due to
groundwatar abstraction. Very high basellow component. A predominanily parmeabla caichment {Upper Chalk - overain by glacinl deposiis
noar hoadwaters), mainly rural but soma urbanisation in tho lowar vallay.




66

HYDROLOGICAL DATA: 1986

039001 Thames at Kingston

Gud roterence. 51 (TQ) 177 698
Lovel stn, (m OD): 4 20

Mgasuring outhonty: TWA
First yonr: 1883

Daily meaan gauged discharges (cubic metres par second)

1986

Catchment area {sq km}: 9948.0
Max alt. [m OD): 330

DAY JAN F{B MaR APR MAY JUN AR
i 147000 193 000 49800 110000 66.700 53 000 10 500
2 237.000 186 000 51.800 79 500 65 BOO 53.100 15 800
J 337000 189000 44 400 76.900 63.700 52 400 15 B0O
4 36000 179000 60.900 83.300 81200 5t 800 10 500
8 237000 156 000 94 200 78.600 57.100 40 300 32 200
L] 221000 139000 113000 66 8OO 84 700 39.900 20 400
7 195000 109 000 68 300 70 600 60 900 31 500 17 200
8 221000 108 0DQ 57.800 89 300 62 200 31 400 17 000
9 245000 104.000 52.400 91 BOO 65300 31000 32 300
10 218 000 87 000 57.300 93.200 61400 34 800 35.900
n 237 000 90.800 54.200 76 000 59.200 44 500 27 300
12 210 000 85.700 51.600 76.600 §7 200 40 800 12 200
13 205 000 83.800 50 000 76 900 52 600 33 400 12 100
14 158 000 78.200 48.500 85.700 37 100 30 400 12 300
16 131.000 80 300 47.300 127.000 70 800 27200 14 200
16 116.000 77 300 38200 181.000 71 800 22 900 14 000
1? 98.800 78.200 46 000 185 000 49 900 25 300 9530
18 105.000 69 600 47.200 145.000 52 700 22100 11 200
19 106.000 69.100 58100 126 000 57.200 22 900 +0 800
20 105.000 66.100 58200 147.000 79 500 22 300 12.400
21 109.00¢ 64.300 59.800 182.000 117000 19 60D 12.100
22 135 000 58 600 54 500 178 000 112 000 19.700 10 700
23 183.000 61.500 52200 158 000 81300 22100 9 380
24 157.00C 59 700 83.700 149.000 55.900 24 300 113900
25 115 000 48400 113000 123000 59 400 36 000 12 600
26 97.600 58.300 83500 114 000 44 400 24 600 10 60C
27 90.800 56 200 62.200 96 900 42 900 15 800 11 000
28 124 000 50100 8%.300 $2 000 43 900 13 200 11 500
29 209 000 122.000 72 300 46 400 10 500 12 600
ac 267 OO0 153.000 79 500 50 100 9470 10 200
n 217 000 118 000 51 600 9930
Aveunge 179 300 95.940 69.430 109200 62 08O 30120 15070
Lowast 97 600 48 400 38.200 66 B0O 37.700 9470 9 3680
Higrast 32000 1893000 153000 182000 117.000 63 100 35 900
Pook flow 370000 211000 180000 202000 142.000 63 800 52 600
Doy of peak 3 1 30 21 21 2 5
Maonthly 10tal
[rmullion cu my} 480.20 23210 186 00 283.10 166 30 1808 40.37
Rynoff (mmy 48 23 19 28 17 B 4
RAonfall (mmj) 100 15 50 66 71 22 44
Statistics of monthly data for pravious record (Jan 1883 to Dec 1985|
Masn  Avg. 127.000 124 100 105 400 14.790 54 080 37 600 23730
flows. Low 18570 12.310 9.434 8981 4 383 3304 2080
{year} 1976 1976 1976 1978 1876 1978 1921
Hgn 325300 342000 359500 188800 171700 171600 72 280
(yeos) 1915 1904 1947 1916 1932 1903 1968
Runoll- Avg 3a 30 28 18 1] 10 6
Low 5 3 3 2 1 1 1
Hgh 88 88 a7 49 46 a5 19
Rainfall: Avg 84 49 52 48 58 52 98
Low 18 3 3 3 8 3 :
High 137 127 142 104 137 137 130
Summary statistics
1986
For 1986 For recoed As % of
preceding 1986 pea 1986
Maan flow {mls~') €9 550 66.890 104
Lowesl yoorly mean 20410 1934
Highest yoarty mosn 120000 1951
Lowest monthly mean 15070 Jul 069N Sep 1976
Highost monthly maan 179.200 Jan 359.500 Mar 1947
Lowaost daily mean 8.190 18 O¢t oG 14 Oct 1976
Highos1 daily rngan 337 000 3 Jan  1059.000 18 Nov 1834
Pank 370.000 3 Jan
10 %k 157.900 162 000 97
50 % 51 680 42.170 127
95 %o 10 540 9170 115
Annyal total (milkon cu m) 2193 00 2111 00 104
Annupl runoff [mm) 220 212 104
Annual rainfal (mm} 777 7 108
[194 170 rainfall avorago (mm; 123

Station and ¢catchment description
Ultrasonic_gauging s1ation commissioned in 1974; multi-path operauon from 1986 Full range. Pre-1974 flows denved Irom Teddington weir
complux (70m wida); significant structural improvements have been made since 1883 US data led 10 revision of 1951-74 flows in 1981).
Substanual basaflow - sustained from the Chalk and the Colites Daily naturahsed flows avalable tor POR - allowance 1s mada for major PWS
abstractions only. Diverse topography, geology and land use which has undargona important historical changes

AUG SEP oct NOV DEC
10 600 24 200 14.200 33 800 70 500
10 200 19.900 15 500 55 300 75.900
22 300 21 100 10 100 42 900 70 300
31100 24 500 8 200 37.500 56.200

9280 35 500 10200 23200 $5 300
13 700 28.600 19 000 24 000 12 600
1700 17 BOO 17 400 16 400 €5 200
10 BOO 9.230 11 900 20 100 75.100

8 950 12 200 12 000 25 200 69 800

9030 9 B10 14 600 24 000 71.700
16 8O0 15 400 16 100 62 300 65 BOO
23 500 V7 300 15 BOO &6 600 85 900
21 500 27 000 13 500 $7.200 145000
17 500 59 800 17.900 85 800 145 000
10 600 45 000 30400 144000 152 00O
11 CO0 40.300 24 200 128000 210000
12 500 21400 12100 104000 179000
14 200 25 600 81890 121000 194 000
16 400 22 600 14600 197000 166000
15 500 16 500 36500 231000 124.000
16 700 18 900 43100 216000 114.000
14 900 20 600 60900 214 000 96 900
17 700 18 600 4§ 200 180 000 95 BOO
21 200 17 100 39300 167 000 81.500
28 700 16 100 33 900 141 000 116 000
84 200 16 200 26 300 132000 147.000
69 700 14 S0C 35 800 120000 128.000
51 000 14 600 39 700 106.000 110 000
27 100 11 600 32 500 81.200 99 900
36 500 13 800 35 300 74.900 106 000
21700 27 300 164 00C
22 140 24 850 23 960 97.380 110000

8 950 9 230 190 16 400 55 300
84 200 59 600 60900 231000 210000

115 000 75 600 12300 24BOO0C 236 000
27 14 22 20 15
59 30 56 64 6417 252 40 29470

6 6 6 25 jele]

105 32 16 99 a7
22 230 2310 38.530 72 440  102.300

1894 0691 3157 7 48B4 10 2170

1976 1976 1934 1921 1933
79330 123800 179800 334000 333.900

1931 1927 1903 1994 1929

5 6 10 19 28
1 0 1 2 3
21 32 48 a7 90
64 58 72 72 73
3 3 S 13
147 157 188 « 188 1B5

Factors atfecting flow regime

® Reservorr(s} in catchmant.

® Flow influenced by groundwater abstraction
and/or recharge.

® Abstracuion for public water supplas.

& Flow reduced by industmal und/or
agnicultural abstractions,

® Augmentation from surface water and/or
groundwater.

® Augmentauon from atluent returns

Commaent

The ultrasonic gaugmg S1a10N Was nol
operational botweon 26/12/85% eand
18/1/86. Over this period flows wure
derived using the Teddington Wenr
record




RIVER FLOW DATA

039007 Blachwater at Swallowfield 1986

Moasuring authonty TWA Gnd reference 41 (SU) 731 648 Catchment area (sq km) 354 8
First year. 1952 Lavel sin {m OOy 42 30 Max alt {m OD): 225
Daily mean gauged discharges {cubic metres per second)
CAY JAN FEB MAR APR MAY JUN JuL AUG sep ocT NOV DEC
‘ 6 090 6 040 2820 3800 2830 2610 1480 1370 1750 1.550 2850 2920
2 15 700 7.250 2670 4 350 2910 2360 1490 1360 1 Ho 1550 2 460 2720
3 22 200 5.920 2650 4 320 2 6540 2490 1490 3100 1760 1510 2 390 210
4 10 700 5 300 5 890 3670 2830 2 380 1 500 3180 1590 1490 ©2 390 2 690
5 9 600 4 780 5 900 3 500 2710 2180 2870 2 050 1620 1430 2220 4 850
6 6 370 4 850 4 440 3 640 2610 2140 21310 1 660 1560 1480 2160 4 300
7 6770 4610 3880 4610 2 560 2080 1790 1580 1870 1420 2170 3 760
8 11 600 4330 3 580 5620 2890 2010 16890 1520 1640 1470 2 940 4 130
9 6 780 3880 3370 4 250 2630 2030 2000 1490 1540 1490 2 350 3680
10 7 900 3600 3380 3560 2 600 2150 1810 1550 1410 1 480 3 540 3280
11 6 630 3490 3210 3210 2500 3020 2160 17210 1510 1470 5 240 4 300
12 S 440 3 490 3 000 3 450 2 640 2240 1 900 1930 1440 1 460" 3130 4 080
13 4610 3410 2 B6U 3460 2440 2030 1830 1570 2 080 1 500 3 880 7 500
14 4 160 31270 2620 4 760 2480 ' 960 1760 1510 2610 2370 6 340 < 180
15 3810 3200 3?70 7 840 2 740 900 1710 1470 2 330 4 350 6 440 B 730
16 3 500 3210 3 780 8 180 2380 i 880 1630 1430 2.110 1 990 4 710 5930
12 3 580 1180 2650 7870 2740 v 850 1570 1410 1820 1 860 4 880 6 060
18 3 700 Jomo 4110 6120 2750 1780 1510 1560 1670 1 950 10 700 6210
19 3910 2950 4.760 5 330 2 440 * 150 ‘460 1710 1 640 2080 14.300 460
20 3.550 290 4 560 7 920 8550 1680 1 490 1 590 1 580 3 no 9450 3900
21 5110 2840 3 300 7 240 8 ()30 1670 1520 1530 1 550 3290 9 290 3 850
22 8120 2 760 3.310 5 940 4170 1750 1470 1230 1650 5 040 6 280 2.440
23 6 730 2730 2410 5220 3610 1880 1640 ' 840 1550 2730 5 730 3 290
24 4 700 2 680 6 180 4 H80 3080 2070 1 960 S700 1530 2610 4490 3190
25 3 830 2580 3.990 4 050 2170 1820 1640 3 400 1 500 3740 4.230 G 700
26 3470 2520 3770 3820 2620 1 680 1 530 6 380 1490 2 350 4 250 49810
27 5310 2 540 3 650 3520 2470 1600 1470 2 84¢ 1530 3080 3590 3 980
28 & 8B40 2 520 4420 3320 2430 1 580 1 480 2 240 1520 2930 3290 2690
29 17 900 4510 3100 2330 1530 1570 V920 1520 2 800 3180 3570
30 9 540 4.730 2 890 2220 1520 1480 1870 1 530 2 500 2890 6810
N 6650 4 430 2340 1410 1820 2 3%0 6 460
Avorage 7252 3744 3915 am 29: 1988 1700 2001 16716 2257 4729 455
Lowest 3470 2520 2620 2890 2220 1520 1410 1360 1440 1420 2160 2 690
H ghast 22.200 7 250 6 180 B 180 8 550 3020 2870 6 380 2610 5040 14 300 8730
Pook flow 25 600 8 080 8 740 10100 11 000 3660 3 800 8210 3 340 7 740 17 500 12 700
Doy of peok 3 2 24 16 20 1 5 26 14 15 18 15
Montnly (otal
{mehion gu m) 1942 9 06 10 49 1237 am 515 455 536 4 3a 604 12 26 1219
Runof! t(mm) 55 26 30 35 23 14 13 15 12 17 35 34
Rentall {mm} 122 20 52 69 ] 23 a6 92 25 77 102 84
Statistics of monthly data for previous record (Oct 1952 1o Dec 1985)
Muar  Avg 4 646 4102 3 841 3039 2575 2023 1459 1 503 1814 2 488 33386 4 056
flows Low 1758 1687 1323 1521 1081 0O 76R Q70 0723 ¢ 638 0 807 1262 1298
lyaar) 1954 1965 1953 1976 "956 1953 1953 19563 1959 1959 1964 18953
High 8 000 7292 6 893 5 600 5 946 64712 236 2622 6 609 "7 613 8019 7022
(yoar) 1975 1966 1979 1866 ‘978 1971 1968 1977 1968 1960 1960 1960
Runoff  Avg 35 28 29 22 19 15 1 1 13 19 24 n
Low 13 12 10 1 -] & S -3 3 7 9 10
High €0 50 52 43 45 47 17 0 48 57 59 53
Ranfail. Avq. &6 44 54 44 57 53 54 59 &7 69 73 74
Low 15 5 3 3 8 5 18 17 K] 6 18 18
High 124 108 125 106 128 144 104 17 167 208 179 167
Summary statistics Factoss affecting flow regime
1986
For 1986 for record As % of ® Augmantation from eMluent returns
pracading 1986 pre-1986
Moan flow (m?s™ ') 3464 2 902 19
Lowns: yeanrly maan 1466 1953
Hignna: yearly maan 3777 1982
Lowas! monthly maan 1676 Sep 0638 Sap 1959
Hignos: monthty maan 7 252 Jan B0D19 Nov 1960
Lowaest daity mean 1 360 2 Aug 0464 18 Auy "853
Highos! dary mean 22 200 3 Jan 39 200 16 Sap 1968
Poak 25 BOO 3 Jan 41000 16 Sep 1368
10 %ile 6279 5497 114
50 %ile 2821 226 133
95 %Kile 1482 Q869 11
Annua 1018l {eukion cu m) 109 20 91 58 119
Annual runott (mm; 308 258 119
Annyal reinfe’l (mm) 772 714 108
11941-70 ta nfall avarags (mm) 710|

Station and catchment doscription

Two Crump wairs [main 4 6m. side 2 7m wide) superseded onginal flume, plus side-spiling weir, in 1970 Minor bypassing of the side weir in
flood conditions: overflows more frequant pre-1970. Some net import of water - sewage effluent augments flows. Exact delinaation of the
hydrological catchmant 1s difficult. Chalk in the headwaters. clay. sands and alluvium in the valley. Substannal and expanding urban development
in the catchment but large rural tracts remain; significant areas of heath and woodland




HYDROLOGICAL DATA: 1986

039020 Coln at Bibury 1986

Messunng authoniy. TWA Grid roferance: 42 (SP} 122 062 Catehment area {sq km). 106.7
Firs1 yoor. 1963 Leval stn {m 0D} 100.60 Ma=x alt {m 0D} 330

Daily meaan gauged discharges (cubic mstres per second)

CAY JAN FEB MAR APR MAY JUN JUL AUG StEP oct NOV DEC
1 2810 2.880 1.920 1.790 2010 1720 1 050 0 764 0751 0.613 0588 2470
2 2 840 3o 1 890 1830 1.880 1680 1030 0.748 G 740 0614 0699 2410
3 2740 3070 1.840 1880 1.930 1.650 1030 0767 0730 0623 0712 2320
4 2820 3 080 1 900 1 880 1920 1610 1020 0.769 o7n 0615 o/ 2 250
5 2.860 3.100 1.870 1890 1.800 1.560 1040 0735 0 706 0623 0.727 2210
6 2 880 3080 1.800 1.910 1.860 1.510 1050 Q720 0 700 0617 0729 2150
7 2.940 l.o20 1.760 1.930 1.840 1 500 1010 0715 0 703 0610 [s Y] 2100
8 3 000 3000 1.7%0 2020 1.820 1.460 0.980 0723 0 707 0 607 0733 2210
9 2970 2.950 1.730 1950 1,780 1470 0945 LIFAL] 0 689 0 606 Q809 2130
10 3040 2 850 1670 1 890 1,750 1470 0920 0762 0678 0603 08rs 2040
11 3040 2.860 1.680 1870 1,700 1430 0924 0843 0677 0 602 0 E81 2 200
12 31070 2810 1.620 1860 1.700 1.380 0932 0790 0667 Q603 0860 2260
13 3.080 2.740 1.600 1.860 1.650 1.360 0 908 0 749 0 702 0602 Q898 2410
14 320 2870 1590 1.850 1,740 1330 0 898 0751 0.717 0593 1050 2470
15 3070 2 860 1 560 1820 1.830 1.310 0.908 0.724 0697 0 568 1150 2820
18 3020 2610 1.550 1.810 1,700 129C 0 860 0727 0674 0.559 1210 2 810
17 2.940 2.510 1.630 1.740 1.710 1.300 0.854 0N 0 668 0.564 1350 3020
8 2 830 2.450 1.520 1.780 1680 1.280 0 850 0728 0 667 0578 1.520 3150
19 2.850 2390 1 500 1820 1630 1.260 0.842 0704 0.662 05856 1 680 3180
20 2.760 2330 1.480 1.930 1780 1.230 0838 0694 0657 0632 1 800 2200
0 2 680 2250 1450 1940 1.770 1.220 0.804 0 695 0658 0687 2 080 3180
22 2.680 2.230 1.450 2030 1,230 1.220 ¢ 800 0 695 0659 0684 2.270 3050
23 2570 2.180 1480 2050 1.710 1.200 0804 0 694 0 6as 0 606 2 400 2990
24 2.460 2130 1.650 2090 17230 1190 0 798 0 685 0 640 0687 2610 2910
25 2420 2,100 1510 2080 1.740 1.140 0.786 0824 0644 0670 2 640 2 B8O
28 2410 2080 1.490 2110 1760 1080 o7 0904 0640 0663 2 690 2 780
27 2.430 2.060 1530 2100 1,780 1.080 07723 0 86% 0 645 {660 2 650 2 680
28 2.500 2040 1.730 2100 1810 1070 0 782 o8n 0628 0 658 2.610 2 600
29 26390 1.760 2030 1780 1050 ¢ 783 0798 0 644 g 651 2 540 2 560
0 2 660 1790 2070 1740 1.040 0.9 0782 0624 0663 2520 2 640
N 2730 1.810 1.230 0784 0 766 Q681 2570
Averoge 2 805 2614 1 658 1932 1780 1.237 0889 0754 0678 0622 1491 2 602
Lowaest 2410 2 040 1450 1740 1620 1.040 0773 0 685 0624 0 559 0 688 2040
Highest 3120 3100 1.920 2110 2010 1.720 1080 0 904 0751 0 684 2 690 3.200
Ponk flow 3240 3130 2.000 2140 2 080 1750 1110 0924 Q775 0 756 3040 3330
Doy of pook 9 4 1 28 1 1 6 25 2 25 23 21
Monthly tatal
(milign ¢a m}) 751 622 444 501 477 346 238 202 176 167 388 697
Runoft immr) 70 5% 42 a7 45 32 22 19 18 16 36 6%
Ranfall {mim) 110 13 73 82 100 21 48 131 20 72 115 10

Statistics of monthly data for praviaus record {Oct 1983 to Dec 1985)

Maan  Avp 2.030 2.333 2180 1747 1329 1439 0867 0 688 0 596 C 660 1001 1582
flows Low 0374 0.380 0283 0371 0.334 0290 0243 0 207 0202 0259 0 344 0375
{yon') 1978 1876 1976 1976 1976 1978 976 1976 1976 1976 1973 197%
High 3.196 3616 J 385 3418 2599 2290 1397 1085 3908 1299 2714 3018
yoe) 1982 1977 1917 1979 1983 1979 "985 1985 1968 1968 1967 1965
Runolf  Avg. 51 53 55 a2 33 28 22 17 14 17 24 40
Low 9 9 i 9 8 7 6 5 5 7 3] 9
High BO 82 85 83 6% 56 a5 27 22 33 66 76
Hon'all Avg 73 59 68 a9 7 62 57 68 72 61 75 a7
Low 18 8 19 5 23 9 15 23 17 8 Ja 25
High 128 159 143 109 161 158 120 149 149 71 163 159
Summary statistics Factors affecting flow regime
1986
For 1986 Fot record At % of ® Flow influenced by groundwaler abstraction
praceding 1986 pig- 1986 andjor rechargeo.
Moan flow (m¥s~') 15M 1341 119
Lowast ysarly mean 0.299 1976
Hignas! yearly moan 1.71 1966
Lowos1 monthly mean 0822 Oc1 0202 Sep 1978
Highast monthly rmean 2 805 Jan 3.616 Feb 1977
Lowes1 daily mean 0559 160 01%0 23 Aug 1976
Highasi daily maean 3200 20Doc 48710 22 Cac 1965
Pask 3.330 21 Doc 5.000 22 Doc 1965
10 %o 2.824 2610 108
50 %10 1.822 1094 148
95 %ila 0620 0 184 161
Annual total {milkon ¢u mj 50.17 42.32 19
Annual runoff [mm) 470 397 119
Annual reintall {mem) 895 802 112
11941-70 tanfall avorage (mm) 823]

Station and catchment description

Crump waerr {9.1m broad). Modular throughout the range. Some overspill onto floodplain before design capacity reached. Very limited impact of
artificial influonces on river flows Baseflow dominated flow regime. Pervious {Oolilic Limesione} catchment on the dip-siope ot the Cotswolds,
pradominantly rural.




RIVER FLOW DATA

040003 Medway at Teston

Grid reference: 51 {TQ) 708 530
Levgl sin {m QD). 7.00

1986

Catchment area (sq krnj 12561
Max olt. im OD): 267

Moasuring authodity. SWA
Firgt yoor: 1956

Daily maan gauged discharges icubic metres per second)

DAY JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC
1 22.720 302 4841 19419 8.200 6775 2.309 1.896 2149 1 862 6624 6922
2 102.100 38.123 5 234 13971 8 3a7 4357 2 455 1763 2167 1.999 671 B 043
3 127116 22.354 46824 10 802 1.310 4 B44 3.566 J.449 2089 1.928 3170 5.716
4 B6 320 21.2686 15 505 9 090 6 659 4.302 2.941 4 459 2014 1.803 5923 5 788
5 70 960 17.568 34.429 B Baa 6972 34969 3.184 2.437 1.937 1 694 2 549 10 726
8 40130 15.000 23.420 8620 71.904 3106 3861 1813 1.795 1.785 2625 21597
? 28.350 12.969 13 504 15 700 7819 3.413 3114 2026 1809 2629 3 504 12 660
8 66 300 11.742 10.470 21675 6942 2142 2705 1.894 1.793 2 550 47158 10837
9 41070 10 494 9 604 14 257 6 620 3192 2734 1756 1 895 2104 5 467 B 908
10 85 240 8 907 10.898 11.407 6 864 3919 2817 1.799 1.787 1617 4 915 7 455
n 30 380 8 663 7.948 B £28 81275 6.032 2837 2212 1 795 1783 7723 8 704
12 20 310 8 348 7 298 B777 G 046 3 632 2 788 1.599 1.7208 1 885 5 684 9123
13 16.480 8204 6.166 gan 648 3064 2.347 2.403 2447 2034 6 589 36 664
14 13.530 8 320 5767 10620 5870 3982 23m 1790 4268 3 485 Wi 20 406
15 11 480 7.582 4 635 16 588 5822 2843 2238 1452 5.0680 8 443 19933 43612
16 10170 7.186 6.012 18671 5 181 2 p43 2103 1.690 5526 2675 13.368 35 837
17 9 882 7 088 4 503 23176 5 246 2.915 1.906 1734 2472 2 186 20 780 26 459
18 10 140 6 750 4452 23 708 4834 2 866 1 887 1.830 2247 2479 32720 3z 047
19 11 550 534" 8.051 15 092 4 796 2 883 1821 2.040 1981 2828 84 222 22038
20 10 640 5982 6 906 41 948 5 156 2.898 1.873 1834 1893 5615 86 953 14 457
21 11870 5.746 7112 26 497 5 961 2.761 1845 2 063 1989 5987 121 086 11288
22 23110 5.156 7 B4g 38 479 5 640 2934 2580 1.950 1.906 11 837 87 42% 9.400
23 24 080 5.482 11,152 27220 6719 3274 1530 2.307 1919 T278 Jagis 8632
24 13670 5362 42 268 22704 % 849 3013 2 385 2 450 1.920 4 066 2301% 7 863
25 9737 5.089 17.250 15 290 4.43% 3024 1.680 6.854 1914 9 368 16.871 25 762
8 8.505 4590 11,336 14 040 4135 2 B850 1.996 10.295 1874 5 365 14919 25.484
27 12.950 441 11 364 22 963 3863 2 684 1962 4 200 1678 3370 11158 15414
28 22.320 4.793 18 382 160N 3936 3003 22, 2 300 1.639 S 544 9 488 11 960
29 n.r20 16 777 10 468 4364 2178 1944 2.347 1.781 11 960 8 396 10 990
30 88.520 26693 9 097 4 2B6 2 796 2.403 2139 1 885 5281 1542 17 187
n 43.240 31499 4 689 1835 2.084 3 450 213N
Averoge 35 840 10870 12.740 17.110 5.925 3 asn 2.383 2.608 2 244 4 096 2.0 16 720
Lowaost 8.905 441y 4.452 8 620 3863 2176 1.530 1.4582 1639 1617 2.549 5216
Heghauat 127118 3123 42.266 41,948 8347 6.775 3 861 10 29% 5526 11 960 121086 43612
Paak flow
Day of pask
Manthly total
{milion cu m) g5 47 28.29 3413 44 34 16 87 8 94 8 38 699 5 82 10.927 5182 A4 79
Runoff {mm) 76 21 27 kL] 13 7 ] 5 5 9 46 36
Ramntpll {mm} 120 20 64 69 49 19 a8 14 39 90 16 84
Statistics of monthly data for previous record (Oct 1956 ta Dec 1985—incomplate or missing months total 1.5 years)
Moo Awg 22.370 19 290 14 930 10 500 7140 4 891 2 B70 3.3187 5 098 7477 15 570 19 940
lows  Low 4910 5.296 3.3m 2326 1749 1129 1116 05717 1 066 1402 2 341 4 361
iyear) 1973 1981 1976 1976 1976 1976 1976 1876 1959 1972 1978 1871
High 45.360 49 150 31 600 23470 20820 21680 7 550 9877 30 080 37 860 66 830 37 330
{ycar) 1975 1957 1975 1983 1978 ‘964 ‘980 1885 1968 1960 1960 1965
Runoif: Avg 48 a7 a2 22 15 10 6 7 n 16 32 43
Low 10 10 7 5 4 2 2 1 2 3 5 g
Hxgh 97 95 67 ag 44 45 16 21 62 81 138 80
Raintal: Avg. 712 50 57 48 55 55 52 59 2 73 82 84
Low 13 3 3 7 1 ] 20 10 5 5 14 23
High 135 123 13 108 112 127 103 122 182 185 169 168
Summary statistice Factors atfecting flow ragime
1986
For 1986 For record As % of ® Reservoir{s} in catchment
preceding 1986 pre- 1586 ® Flow influenced by groundwater absuaction
Moon Now {ms"1) 11.350 11 080 102 and/or recharge.
Lowes? yestly maan 1,584 1962 ® Abstraction for public water supplies.
Highest yearty maan 19,330 1960
Lowest monihly mean 2.244 Sep 08577 Aug 1976
Highes1 monthty masn 35 640 Jan 66 830 Nov 1960
Lowaost daity moan 1.452 15 Aug 0220 4 Sap 1973
Highast dailly moan 127.116 3 Jan 269 300 4 Nov 1960
Paax 294 500 4 Nov 1960
10 %de 24 960 25150 99
50 %ile 5.836 s121 114
95 %ila V783 1453 123
Annusl 1018l (rulbon cum) 357 90 349.70 102
Annyal runoff (mm) 285 2’8 102
Annual rainfa¥ {mm) 783 159 103
[1941-70 roinfall avecsge (mm) 58|

Station and catchment description
Crump waeir plus 8 sharp-crested weir (the top of a flood gate) - supersuded an iInsansitive broad-crested wair. Flows in excess of about 27
cumacs ore moasured 8t 8 well calibrated valocity-area section 2km dfs {East Farleigh). The Tesion cabbration makes an allowance for lock
spills. Somn monthly naturalised flows available {1956-68. accounting tor the operation of Werr Wood reservoir) A predominately impervious
{Hastings Beds) catchmant; vary ragponsive to rainfall. Mixed land use with significant areas of woodland and orchard
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HYDROLOGI

CAL DATA: 1986

041016 Cuchmere at Cowbeech

Measu’ing suthonty. SWA
. First yoar: 1939

Gnid referonce. 51 (TQ) 611 150

Daily mean gauged discharges [cubic metres per second)

CAY JAN FEB
1 1747 0446
2 5.461 0 584
3 267C 0450
4 1.467 0 364
5 4454 0 330
6 0.755 0303
7 1428 0 284
2] 1.738 0270
9 0.769 0228
10 1389 0218
1 0.671 g 216
H 0616 0 208
‘3 o471 0185
14 0.381 0197
5 0303 0176
18 0.272 01724
7 0272 0175
8 Q252 0 164
9 0 485 0 146
20 02318 0149
21 Q748 0126
22 0953 0137
23 0583 0133
24 0358 0122
25 0.294 0111
28 0270 0102
27 0325 [CRRR]
28 0.358 0o
29 1.788
30 0 906
3 04386
Average 1.059 0222
Lowast 0.252 0102
Hghest 5 461 0534
Paak fow 16.53C 0 698
Day of pesk 5 2
Monihly totol
imi%ion cu m) 284 D54
Runot {mm) 152 29
Roinfall {mm| 168 23

Statistics of monthly dota for previous record {Jan 1968

Meon  Avg 0.425 0.348
flows: Low Q087 0058

(yoor} 1973 1981

High 0803 0 755

[yoor} 1984 1974
Runott  Avg 64 45

Low 13 9

High 115 98
Ron‘all Avy. 90 61

Low 25 26

High 168 155
Summary statistics

For !

Muoan flow (m’s™" 0278
Lowos! yearly mean )
Hignast yoorly rneen
Lowost monthly maan 0029
Highas: monthly maan 1.059
Lowos! daily maan 0022
Highast daity rmoan 6. 461
Poak ‘8769
10 %r'e 0632
50 %no 0118
9% %o 0025
Arnuol total {rulion cu T 876
Annuol runoff (mmj} 468
Annuol ranfall (mm} 9244

|194 1-70 rantall ovaragy (rmm)

Station and catchment description

MAR
[ORRE]
Q105
¢ 101
0959
C9'8

0435
G292
0.251
0243
028

0196
¢ 193
0196
c178
166

o115
0170
0183
019
0220

[¢F: 3]
0 345
0827
1223
0403

02N
0428
0669
0 564
1474
1460

0424
¢ 101
1474

4024
23

1.14

61
98

0266

0053
1973

0574
1981

38

B
82
68

22
137

986

Crow®
z
0¥
<

£

[
o
2

£

=1

APR
0548
03mn
0372
0358
0345

0332
0320
0308
0297
0285

0275
0 265
0286
0248
0240

0228
0200
0186
0832
0845

0576
0 459
0326
030
0288

Q2712
0.260
0249
0238
0228

0 344
0196
0 B45

2332

19

089

48
64

0159
0027
1976
Q363
1983

22
4
50

<8
3
09

MAY
0218
0 208
0200
Q180
o181

G172
Q156
0138
0143
0149

0138
0154
0138
0128
0136

0118
0117
0113
0107
017

0112
0103
0129
00!
00989

0085
0001
0129
0 Q0
0080
00897

Q135
0080
0218

0223
1

036

18
51

JUs
008
0096
0104
0080
0079

0075
0073
oon
0070
0068

0102
0074
0068
0 080
Q057

0055
0056
0050
Q048
(6302 1.)

0044
¢ 049
0052
G uay
0042

¢ o4
0038
G038
0038
¢ 038

0063
a0
¢ 108

G142
11

016

9
18

Level stn (m QD). 29.80

AN
0040
0029
003
0036
0044

0041
0038
0037
0035
0041

0042
0038
0036
0034
0033

0031
0030
0030
0030
0031

Q031
oo3
0033
0 03¢
0032

0033
0032
00N
Q Q30
0028
00238

0034
0028
0044

Q0 05%
10

003

&
24

1986

to Dec 1985—incomplate or missing months total 0.2 years)

0110

Q018
1876

0286
1983

16
3
41

60
21
114

For racord
proceding 1986

0182
0 050
0278
0009
0 854
0003
& 658
17 79C
0442
0081
Q012
605
324
874
B821)

Jun
Nov
21 Jun
14 Jan
27 Duc

Catchment ared (sq km) 18 7
Max alt. {m OD) 183
AUG SEP oct NOV (o1
0027 0027 0029 o210 0162
0025 0027 0024 0100 0157
0040 026 0024 0070 0139
0031 0024 0024 0 068 0129
0028 0023 0026 0055 0257
0027 0023 0024 0050 0272
0030 0023 0024 0042 a2
0027 0022 0024 Q079 0183
0026 0027 0024 0 066 0201
0025 0023 0024 0059 0199
0026 0022 0024 009 0220
0026 0022 0025 0068 Q269
0026 0034 0024 0107 117
0026 0032 Q088 0136 [{ Y]
0025 0074 0073 0204 2.0
0025 0041 0034 0155 0630
0025 0035 0030 0270 0 B56
0026 0032 o027 1231 o7
0026 0028 0026 3077 0423
Q024 0027 0099 3 989 0310
0025 0027 0 092 1032 0.274
0026 o027 Q126 0390 0237
aQg27 o027 0048 0421 Q202
0026 0025 0 0ah 0378 0179
0030 Q024 ¢ 089 0 366 0 804
6063 002% [eX¢733) 0283 0378
0037 0025 ¢ 067 0220 0 260
0034 0028 0159 0 986 0 236
ooNn 0029 0105 0183 0218
0030 0030 0080 0163 1236
0028 0 0B8 1072
con 0029 0083 0 459 0 487
¢ 024 0022 0024 0042 029
0090 0074 0159 3989 20N
¢ 155 0132 0341 18 769 5 289
25 15 28 20 15
008 gaz 014 119 128
4 4 B8 64 67
64 41 120 156 117
0044 0 066 0149 0279 Q342
0009 0013 004 ¢e1l [ooxhl
1976 1978 1878 1973 1971
0230 0334 Q 500 0854 0695
*988% 1974 1982 1974 1984
6 9 21 39 49
1 2 2 2 4
33 55 72 118 100
65 as 83 1m0 94
7 9 5 19 21
144 222 195 199 184

o074 0048
0009 0013
1976 1976
0393 0322
1971 1980
10 7
1 2
54 46
65 54
12 16
155 119
1986
As % of
- 1986
145
1973
1974
“976
1974
1976
1968
1979
143
146
206
145
145
108

Factors affecting flow regime

# Flow influenced by groundwater abstraciion

and/or racharge.
& Abstracuon for pubhc water supplos

Asymmatrical compound Crump warr [crests: 2.13m and 2 97m broad)} with crest tapping - not currently used Structure ¢apacily exceeded in

large floods. Early dota (1839-671.1s of poorer quality and rolates 1o low flows only

atchment i1s substantially natural but flows are diminished

by water supply offtake upsiream of the gsuging stanon. A rural catchment developed on nmixed geology {Hastings Beds predominate]




RIVER FLOW DATA

042010 Itchen at Highbridge+ Allbrook 1986

Meosunng authority: SWA Grd referance 41 [SU) 467 213 Catchmant area (sq k) 360 0
First yoar- 19568 Leval sin (mQ0y 17 10 Max alt {m OD). 208
Daily mean gauged discharges [cubic metres per second)
DAY JAN FER MAR AP May JuN Jut AUG Sep ocT NOV orc
1 6479 8124 6951 6.414 § 710 5614 4160 4070 4037 3328 3 686 5114
2 7.719 8137 6914 6247 5622 5432 4089 4 086 3974 3 356 3599 5 325
3 7562 7998 6 790 6 203 5 195 5393 4067 4 639 3937 3 343 3582 5 780
4 7092 7833 7073 6.206 5918 5373 4067 4519 3 846 3 30% 3674 6277
5 7.248 77758 7 244 6 146 5011 5 206 4 849 4 280 3803 3312 3534 5 534
6 1006 7 BUB 6 940 6175 8013 5182 5018 4125 3795 3278 34327 5594
7 7218 7870 [ R 6 159 5837 5167 4476 4333 3775 3219 3479 5 550
;] 7 836 7 802 6 795 6 242 5 90% 5142 4 602 4121 3704 3216 3578 5.839
9 1398 7 661 65777 6127 5 902 511 451 3975 3713 3307 3587 5 B24
10 B 398 7 569 6 693 & 039 5879 5130 4490 4042 3618 3318 416 5691
11 8042 7453 6 644 5 905 5877 52 4 464 3899 3 661 J 245 4 354 6 188
12 7833 1473 651 5961 5876 5140 4 488 3 864 3681 3329 4 090 6136
13 7636 1514 6 455 6015 5.831 5014 4430 3798 3B8/6 3312 4 466 6723
14 7 669 7570 6 329 6274 5 790 4 839 4412 3772 3944 3536 4 636 6245
16 ? 660 7550 6 265 6339 6.004 4 696 4276 3690 4124 3915 4627 7419
16 7704 1.536 6272 6312 5672 4 587 4 340 3637 3864 3508 4 563 6989
17 7.748 7518 6 261 5 182 581 4 546 4026 3628 a6 3400 4 606 6976
18 ? 768 T 487 6 295 6 08B0 5 B68 4 636 4081 3679 3474 3412 5 464 7 165
19 7772 7254 6 459 6058 5626 4577 3992 RICT 3529 3498 6723 6 8086
20 7.789 T 262 6523 6 536 6 585 4 469 4 091 I 3 544 3472 6137 6 700
21 8.017 1273 6 402 6.679 6 449 4 581 4110 3 686 3531 4 188 8239 6 769
22 8.841 7 266 6373 6 502 6130 4 669 4019 3714 3576 3974 5793 6 146
23 8676 7200 G521 6 481 6038 4 B34 4052 19658 3 654 3774 5 699 65875
24 8197 1123 6 995 6 264 5 839 4926 420 4024 3 554 3834 5 608 6 807
25 7.907 7.087 6 632 616 5 795 4785 4118 5271 3347 4 001 5672 7437
26 7.753 7019 6 305 5 965 5757 4499 4026 5718 3434 375 5 604 7228
27 7739 6929 6183 5 894 5 582 4 346 4024 4 648 Jac7y 3 8586 5 448 69562
28 B 042 G 888 6491 58432 5575 47257 4 108 4433 3435 360 5 355 68/8
29 8 966 6527 5824 55847 4237 4070 4285 3 382 3607 5 366 7070
0 8643 6.689 5815 5 446 4134 4 218 4 090 3337 36227 5 340 7522
n 8213 6 497 5 548 4 154 4 056 3619 7777
Avaroge 71827 7503 & 608 6 169 5 B48 4 858 4261 4114 3674 3534 4734 6 266G
Lowost 6479 6 868 6 261 5815 b 446 4134 3992 3628 3337 Ing 3437 5114
Highos: 8 966 3137 7 244 6679 6 585 5614 S018 5718 4124 4186 6723 TII7T
Poak flow
Day ol paak
Maonibly toia
{rilhon cu my) 2096 18 15 1770 15 99 15 66 12 59 1141 1102 952 947 12 27 17.32
RunaH [mmy 58 50 439 a4 44 35 32 31 26 26 34 48
Ro n'all (mim} 133 12 66 70 77 23 50 108 24 a9 143 121

Statistics of monthly data for previous record {Oct 1958 to Dec 1985}

Mgar  Avg 6574 7213 7 054 6 539 5 362 4 893 4169 3874 3743 4.163 4 865 5 752
fows Low 4 208 4 162 3644 3203 3083 2582 2474 230 2 669 2702 2 840 3136
{yoar) *976 1964 1976 1976 1976 1976 1876 1976 8973 1958 18973 1973
Hgh 10 620 10 850 9922 8521 7312 6 550 5219 5 245 5128 7 887 9 857 10 860
{year) *969 1969 1977 1969 1966 1879 1979 1879 1968 1960 1960 1960
Runolf: Avy 49 49 52 a7 a3 kL 31 29 27 n 35 43
Low n 29 27 23 23 14 18 17 19 20 20 23
High 78 73 14 61 54 47 K] 39 az .58 n 81
Rainfak: Avg. g2 56 83 43 2 63 55 586 86 2 80 91
{1971. Low 39 19 24 2 19 10 22 18 19 30 31 25
1985) High 159 137 122 g7 (k3 "3 a7 120 "85 177 197 153
Summary statistics Factors atfecting flow regime
1986
For 1986 For racord As % of ® Flow influenced by groundwater abstracuon
preceding 1966 pre 1986 and for recharge.
Moon flow (m3s7) 5 456 £373 102 ¢ Abstraction for public water supplies
Lowast yoarly moan 3708 1973 ® Augmentation from surface water and/or
Highost yearly mear 6 594 1960 groundwalter
Luwost monthly maaa 3534 Oct 233 Aug 1976
Highest moaihly mesn 7827 Jan 10 8860 Due 1960
Lownst dmly maan 31219 ? Gt 2187 24 Aug 1976
Highst coily maan 8966 29 Jan 12 800 29 Jan 969
Paox
10 % e 1812 7778 a7
50 %ie 5 556 4 940 112
95 Wi e 3 396 3.097 110
Annual total (rrill.on cu m} 17210 69 8O 10
Annual rung!f (mmy) 478 47 101
Annual rminfal. (mmr) 917 851 108
11941-70 rainia | aversge im) 876)

Station and catchment description

Crump warr (crost 7.78m broad) installed n 1971 {superseded a velority-area staton which suffersd severely from weedgrowth) plus a
ractangular thin-ptate wer at Allbroock Peak flows not denved Local bypassing occurs at Allbrook during exceptional discharyus. The
groundwater catchment substantally excoeds the topographical catchment area. Aruficial influences have a miner impact on Nows, small net
axport of water. Very parmeable caichment {30% Chalk) Land use 15 manly arable with scattered urban setilements.
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HYDROLOGICAL DATA: 1986

043005 Avon at Amesbury

Grid raference; 41 (SU} 151 413
Lovel stn. {(m QD). 67.10

Measuring suthory: WWA

Firgt yaor: 1965

Daily maan gaugad discharges (cubic matres per second)

DAY JAN
1 5382
2 8.831
3 5.930
4 5580
5 6.635
8 58393
? 5 684
8 5.987
9 5826
10 6.710
1 6832
12 6.427
13 68.288
14 6.230
15 8.048
16 8053
17 6093
18 8129
19 6.129
20 583
21 6 168
22 6 859
23 7358
24 6 700
25 6217
26 5970
27 6.144
28 6492
29 9408
30 10 289
n 9025
Avarogo 8.557
Lowest 5382
Hhghast 10.289
Pook flow 12 095
Day of jpoak 30
Monihly total
{milign cu m) 17.56
Runoff imm) 54
Raintall {mmy} 114

Statistics of monthly data for previous record (Feb 19685

Moon  Avp. 5287
flows: Low 1199
{yoar) 1976
Hgh 8 555
iyoar) 1982
Runoff: Awvg 44
T Low 10
Hign T4
Ro-nfall. Avg. 78
Low 18
High 124

Summary statistica

Moon flow (m?s =7}
Lowasi yoarly moan
Highas! yaarly maan
Lowas: monthly moan
Highast monthty mean
Lowasl daily maesn
Highest dody maan
Poak

10 %de

50 %o

95 %de

Annusl total {milkon cu m}
Annusl runo!! (mm)
Annual raintol {mm)

FEB MAR
7877 4 851
7.662 4 824
7.632 4.736
7348 4806
7222 4 863
I 4787
7083 4 686
5.981 4618
58M 4672
6.786 4 696
8 665 4 582
6627 4 515
6.566 4.457
6.454 4395
5327 43717
6223 4.354
6 098 4 269
5924 4245
5 789 4 282
5.7 4276
5623 4185
5477 4.210
5416 4.365
5 2689 5274
5081 4642
5027 4511
4934 4 493
4933 4 596
4.696
4 758
4728
6.314 4570
4933 4.16%
7877 5274
8 241 5976
1 24
1527 12.24
a7 kl: |
9 53

5 965
1187
1876
9 886
1977

5 605
1158
1976
8352
1972

45 46
9 10
72 68

54 68
[ 14
134 150

For 1986

31175

1547 Oct
8.557 Jan
1 387 700
10289 30 Jan
12095 30 Jan
5816

3.769

1\ 480D
119.00

368

881

11941-70 rainfa'l avaraga immi

Siation and cotchmant description
Compound structure; Crump crest (9 14m broad) flanked by broad-crestad weirs, Small bypass channal apprax 2m upstream of werr - included
in rating. Full range siation. Bankfull - 1.37m. During the summer flows are naturally augmented from groundwater draining from the northern
half of the River Bourna ceichment. Topographical and groundwater catchment aroas do not coincide. Predominantly permeable (Chalk)
catchmant with a small inhar of Upper Greansand and Gault Land use - rural.

APR MAY JUN AL
4 485 3919 3783 2518
4 405 34997 3714 2479
4 448 4077 3719 2446
412 4210 369 2534
4.161 4479 3657 2743
4 147 4 466 3623 2678
4220 4513 3558 2,581
4247 4 529 3522 2.548
4.109 4 396 3489 2 504
4 000 3811 3562 2484
3 890 3 663 360 2 486
391 3643 3549 250
3951 3 603 3 465 2450
4151 3726 333 2.404
4 760 4 336 3245 234
4736 3.938 313 2.262
4617 3944 3107 2088
4 559 4 269 2061 2172
4 452 4076 3057 2095
4831 5156 3025 2 083
4 BBS 5327 297% 2091
4758 4 800 2975 1.998
4570 4 330 3002 2 086
4429 4 180 2981 2042
431 4 059 2 996 2063
4194 3976 2914 2038
4 085 3 888 2 656 1.997
3990 3808 2861 2001
3936 3 745 2 693 1 963
3.807 3107 2539 1861
3743 1.854
43N 4149 3.250 2.268
3807 3603 2.539 1.854
4 865 5327 3.783 2743
5 358 5 794 3794 4561
15 20 1 29
1117 1114 842 607
35 34 26 19
B4 89 n a?
to Dec 198%)
4524 3482 2702 2014
1039 O H34 0626 0475
1976 1976 1976 1976
7 587 5 148 4280 3021
1979 1979 1979 1971
36 29 22 17
8 ? 5 4
61 43 34 25
44 62 58 49
1 24 3 15
100 21 143 13
1986
Faor record As % ol
necedng 1986 pre- 19B6
3430 10
1431 1976
4476 1977
0272 Aug 1976
9 686 Fab 1977
0175 22 Aug 1976
15 540 25 Feh 1927
17 330 16 Mar 1982
6 609 100
2823 134
1153 128
108 20 10
334 10
715 (BRI
764)

AUG

1.855
1.774
1.968
2053
1929

1914
1879
1.820
1793
1.838

1831
187%
858
822
769

744
713
170
729
1662

1 680
1 700
1812
1784
2224

2.780
2591
2.240
217
1973
1890

1916
1662
2.780

3 205
26

%12

16
107

1709
0372
1976
2362
1979
14
20
62

152

SFP

1,735
1.723
1.762
.10
1.686

1696
1.649
1.718
1636
1574

1587
1.554
1780
2007
2107

1810
1774
1626
1§95
1572

569
569

1568
1515

1513
1.492
1492
1482
1.504

1,658
1.482
2.107

2.204
15

4 30

13
a1

1 606
0644
1976
2528
1974

13
5
20

7
1
179

1986

Caichment area (sq km} 323.7
Max aht. im QD). 294

ocT

1504
465
465
467
440

426
387
416
400
424

401
408

452
446

ik

420
407
423
an
590

651
944
022
810
738

- -

680
560
.698
687
674
659

1547
1387
2022

2147
23

13
74

1810
1149
1970
3521
1966

16
10
28

66
4
161

KOV

1692
1778
17N
1 643
1 626

1619
1589
1602
1694
1845

2 280
2279
2 296
2928
4238

3203
2 B6O
3182
4173
4217

5076
441}
4 249
4 236
3830

4 399
4176
3 839
3
3633

3004
1589
5076

567%
0

.79

24
118

29577
1 080
1973
6 240
1974

21
9
52

75
31
185

Factors affecting flow regime

DEC

3559
3 566
3 565
3555
36

3837
3863
4 634
5223
4581

5287
5875
& 150
5 780
6 758

B 304
7079
7267
7027
€819

6 739
6 859
6 564
6561
T 415

7 620
7050
6853
6.796
1279
7338

5910
3 555
8.304

9575
1]

15 83

49
114

391
1385
1975
7260
1982

23
1
88

160

& Natura! 10 within 109% 81 95 percentile flow.




RIVER FLOW DATA

045001 Exe at Thorverton 1986

Maosuring outhonty: SWWA Gnd refarenca 21 (S$) 936 016 Catchmaent area {sq km): 600 9
Fusl yoor: 1956 Level stn (m OD): 25 90 Max st (m OD): 519
Daily mean gauged discharges icubic metres per second]
DAY JAN FEB MAR APR MAY JUN py e AUG SEP ocT NOWV DEC
1 38812 19770 4077 29 051 11.337 7 065 4403 3.838 11067 3 438 38 57% 24 090
2 35 589 18 295 3.712 25 143 10 420 B 453 3974 4230 10 150 31284 30918 20514
3 30523 16 835 3853 20 866 g9 945 6 151 320 3831 10 468 3150 28 008 17106
4 3TN 14 968 ‘1932 17 275 12 192 5 7156 4 148 3o 8184 3082 22,502 15 393
5 34822 13878 1 7.086 14.990 0847 5 380 56567 4303 7 381 3024 20231 15 260
6 328676 12 840 8844 13.981 8 683 50n 4232 4018 6 907 2 955 17.654 13.620
? 60424 1.1 7.490 16 531 8 401 4 896 3872 6 334 6270 2919 16.953 17 003
8 52578 10.563 8876 20 300 9015 4 650 3558 5 261 5 794 2 858 17270 41547
9 42 853 9 665 9046 17.409 8 249 10 330 3307 4610 5311 2 900 22233 33504
10 84 496 9073 7.997 15.908 B8 432 24 999 In 17 146 4990 3338 25 145 30 549
1 65.263 8 459 711 14 720 1822 25 326 3448 21876 42157 3,145 23.64) 50 894
12 51 206 8 142 6.753 14.076 8 460 17.918 34N 9 653 4 482 3008 20527 41784
12 47 297 1.810 6 398 14.178 8.285 15 457 3186 1818 11035 2993 31,847 53.728
14 43.925 7045 6.209 20.666 26 342 13 446 2.977 7054 10 681 3.020 98.274 41 236
15 37 747 6.663 6 034 29534 27 655 11723 2 840 5 922 7.451% 2 865 52 052 3.4
18 33.485 6.43% 6 Na 24.768 23.695 10 334 2672 5279 6.338 2810 41671 58.480
17 23678 6018 6.300 23814 2B 814 9047 2.554 4 875 5 598 2877 38.538 58 956
18 33286 5.594 6 564 20423 22.783 7994 2476 12 942 5114 3026 80 45?7 55 318
19 31661 5 349 6629 21 395 19 6530 7374 2540 8783 4812 4438 135.298 59 774
20 272.712 6.205 8223 32939 18.968 6718 2 548 6 652 4611 18 369 92 187 51 584
21 34.862 4.899 1066 42 132 18 114 7902 2538 6.564 4476 31528 B8 137 41.062
22 56 968 4713 8 634 40 739 1497 T 405 2.464 9 40% 4 300 43773 57.080 33 238
22 67825 4527 18 212 39.187 13188 6 444 23318 9 242 4210 37343 60072 27.556
24 51.793 4262 37.401 33.847 12 040 6 452 2 396 8.99% 4 050 32582 58.037 23112
25 40 803 4202 21.202 28.730 10 962 5778 2.654 37078 3 866 41621 66 420 36 4317
268 34.00Q8 3.740 ‘26 128 23 907 10 187 % 092 2825 35.856 3 764 33.766 B87.738 26 109
27 30.593 3.784 28 379 20100 49329 4 603 2.643 26.103 3886 50036 51878 22 BO7
28 31313 3 902 34233 17.401 BE76 4 354 3.056 21548 3620 60 254 41,167 22912
29 28.887 34823 14826 7.768 529 36826 17103 31513 45235 33.285 24 718
30 23 486 40 234 12 705 7412 5 269 4516 14 100 3438 396814 27.150 5200
N 20784 34 698 B 302 5115 12.108 519 59 090
Averago 41 050 8517 14.360 22.680 13 240 8 823 3315 11.170 6 007 17 060 46.170 36 860
Lowest 20.784 3 740 In2 12708 T4a12 4 354 2338 3.531 3438 2810 18 953 13620
Highas! 84 496 19 770 40 234 42132 28874 25 326 5657 370718 11067 50.254 135.298 73401
Posk flow 136.334 20 460 61997 50.808 62822 53 099 6 681 94.936 21567 83 688 191.199 115 909
Doy of poak 10 1 24 20 i5 10 31 1 14 28 19 15
Monihly 1010l
{mullion cu M) 110 00 20 60 s sz 58 80 3547 22 87 888 299 15 %7 45 68 119.7¢ 98 74
Runoff {mm) 183 34 64 98 59 33 15 50 26 76 199 184
Raintol tmm) 191 ? 124 13 105 93 62 141 40 160 207 212

Statistics of monthly data for previous racord iMay 1956 to Dec 1985)

Maon  Avg. 29.130 26 060 18.69¢ 12.770 8.855 5 606 4.568 6 538 9275 16 470 21 840 30 850
flows: Low 5438 6 451 £.378 4 340 2593 1.989 1153 0.695 1699 1 561 5297 12 460
{year) 1963 1985 1962 1974 1976 1975 1978 1976 1972 1978 1978 $563
High 57 190 47 220 45.630 28 80O 29 380 15 870 19 770 20 550 35830 59.830 44 000 68 440
lyeark 1984 1957 1881 1966 1983 1958 1968 1985 1974 1960 1970 1965
Auncll. Avy. 130 106 83 55 39 24 20 29 40 73 94 138.
Low 24 26 28 19 12 9 ] 3 7 ? 23 56
High 255 150 221 124 121 68 a8 92 155 267 190 305
Ronfall- Avg. 145 102 102 72 79 12 80 98 133 121 130 155
Low 30 8 18 7 25 9 19 n 13 13 48 51
High 297 +96 222 163 175 160 174 181 254 300 219 an
Summary stotistics Factors affecting flow regime
1986
For 1988 Fou rocord As % of # Flow influenced by groundwater abstraction
preceding 1986 pre- 1988 and/or recharge.
Mooan flow {ms~ ") 19170 15.850 124 & Abstraction for public water supplies.
Lowas! yoarly mean 9 £98 1964 # Flow reduced by industriol and/or
Highast yoarly mean 22 600 1960 agncultural abstractions.
Lowast monthly maan 3315 Jul 0.695 Aug 1976 & Augmentation from effluani returns.
Hsghast monthly mean 46.170 Nav 68 440 Dec 1965
Lowost dody moon 2 338 23 Wil 0440 28 Aug 1976
Highost ody mean 135 298 19 Nov 262.200 4 Doc 1960
Poak 191 189 19 Nov 492 600 4 Dac 1960
10 %ilo a2.870 37 510 114
50 %ile 11100 9632 118
95 %ila 2910 181 156
Annval total (mallion € my) 604 .50 500 20 121
Annual runpif {rmm) 1006 832 121
Annual rpindall {mm) 1455 1269 15
:1941-70 roinfell avarsge (mm) 1326)

Station and catchment description

Volocity-arna stalion with cableway. Flat V Crump wair constructed in 1973 due to unstable bed condition Minor culvert flow through mill u/s of
station included n rating. Significant abstractions for PWS Control point for Wimbleball Raservor operauonal releasas. Hoodwaters drain
Exmoor. Gaology predominantly Devonian sandstonos and Carbonderous Culm Measures, with subordinate Permian sandstonas in Lhe east
Mgorland, forastry and a range of agriculture.
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HYDROLOGICAL DATA: 1986

047001 Tamar at Gunnislahe

G;ud reforence 20 (SX) 426 725

Magasuring guthority: SWwWaA

First yoar 1956

Daily mean gauged discharges [cubic metres per second)

Level stn (m OD) 8 20

1986

Catchment area {sq km) 916 9
Max alt (m QD) 586

DAY LAN FEB N AH APR MAY JUN JA AUG L1l ocT NGV 31314
1 74 498 25 68 5 289 28670 15 004 9 646 T 154 6 958 24 903 5502 39 942 27 244
4 72317 22810 65104 25 346 14 141 8 765 6 90 7 564 2187 5412 28 188 26 445
3 46 829 20624 4 B94 21626 13 281 8351 5 /82 5 685 22008 5199 26 1317 24922
a 49 547 18 279 6 644 18 488 16 701 1936 5914 5814 16 858 4 958 23 745 19 654
5 44 402 16 699 16 695 16 519 14 359 7 445 16 676 7526 15 005 4825 22778 23150
6 Ja9n 15 441 93¢ 15083 12 439 6§ 957 11475 9967 1356720 4674 23716 20824
7 56 320 14 *84 1.264 16221 16 986 6 732 7773 9072 12 330 4598 21296 35975
B 43 148 12 850 6 648 20 050 19 348 6 550 1 3s8 7 499 11436 4526 32 343 126 878
9 35814 11793 7.956 15 40 14 580 11934 6810 700 10 542 4509 62625 58 225
10 99 604 11215 7 507 13160 14 950 24 87 6216 94597 9734 4 930 58 896 49 795
1" 57513 10 755 6 668 11823 134720 22 367 6128 9353 9135 4629 41918 140 245
12 46 800 10502 6.415 11656 14 481 11988 5974 ? 745 8 596 4 291 33 436 100 283
13 29 837 10 296 G127 11785 13.429 9718 5 650 1372 14 538 4251 59 888 121 49
14 3rzi2 9 646 5911 26 95 68 943 8 78S 5417 7138 18 934 4210 130436 82 334
15 31684 8975 5 B43 3115 490 442 8122 5 230 6 564 12 119 4 066 57 289 149 000
16 31467 8 761 6 648 27 "04 27043 7609 4 809 8178 10 842 3892 55 194 99 230
17 37 990 8 293 6.716 20623 49 908 7070 4557 5970 9 501 3788 57.780 88 230
8 30046 7922 661 17 808 35060 6 666 4314 12 316 8735 4030 154 737 84 427
19 32963 7270 7301 18472 28 637 6 168 4143 10 398 8193 4949 254 204 G7873
20 27 482 7104 8717 53 209 24 507 6825 4 *42 7833 7 946 16 775 136 033 54 969
0 51383 6 946 7589 4302 23 882 8 545 4 249 8 0b4 7 728 29300 106 594 46 400
22 B7 658 6 499 7925 44 568 19029 10 525 4 049 33317 T 508 532338 79 048 37 249
23 86 874 6 458 14 5a1 65 751 16 931 12 756 igig 50 172 7 196 31002 65 817 33087
24 53039 5915 42 468 41051 14 965 12 020 aneg 47 143 6 939 25 854 64 550 30 094
25 40 580 5816 22 570 33008 13819 9183 3851 144 02% 6 594 32 106 81840 98 418
26 35 563 5 387 20 250 27 851 12 846 7828 4 354 97 169 6 365 24 053 79770 49 5130
27 35 532 5079 24 481 24 219 11814 7028 4114 58 241 6147 43 533 51 404 37.923
28 38 648 5N 36 400 21 380 11087 6713 5 605 B89 834 5953 60 480 41235 39.804
29 45 748 26 669 18 786 10 151 7110 6 324 49 19 % 764 41311 33 985 35930
30 33096 43 Baa 16 428 9 604 8578 6 722 36612 5 663 36 438 2aan 85 405
N 28 233 36 441 11220 T8 29 216 31554 81478
Avnraga 47 320 10 820 13 760 24 890 20090 9 484 6012 25820 11090 16 520 65 140 63 660
Lownst 27 482 5079 4 894 11 655 9 604 6 168 3718 5 685 5 562 3788 21295 19 654
Highast 99 604 25 168 43 gaa 65 754 68 943 24 187 16 676 144 025 24 903 60480 254 204 149 000
Pank flow 163 21 27 800 82 754 93870 154478 45 016 23017 238049 37200 88 886 363991 234505
Day of puak 10 1 24 20 15 10 -] 26 14 22 19 1"
Monthly totel
{miign cu M} 126.70 26 41 36 85 64 52 53 80 24 58 16 10 6917 28 74 44 24 ‘68 90 170 50
Runoff (Tm) 138 29 40 0 59 27 H:] 75 kR 48 184 186
Hainto! (mm) 154 4 103 97 12 94 3 177 35 178 204 21
Statistics of monthly data for previous record [Jul 1956 to Dec 1985)
Mnnn  Avg. 46 130 37020 25930 16 a00 11 640 6942 6072 8326 12 270 21970 34 220 a5.710
flows. Low 8476 9.181 11250 6 420 3 488 1995 11891 057 1118 1540 4213 18 350
(yoor} 1964 1966 18961 1974 1976 1976 1976 1976 18959 1978 1978 1963
High B9 410 84270 65 520 35 200 32.270 20 630 28 130 42 100 69 840 65 0BO 18 760 91 690
{ygor) 1974 1974 1381 1985 1983 '972 1968 1958 1974 1981 1959 1959
Aunofl. Avg. 135 98 76 a6 34 20 18 24 35 64 97 134
Low 25 24 33 18 10 5 3 2 3 5 12 54
High 261 222 191 100 95 58 84 123 169 190 223 268
Rairtal 0 Avg. 146 98 93 67 74 ¢ a1 93 108 119 136 146
Low 23 3 14 T 25 k| 13 8 10 12 58 41
Hgh 3o 206 219 151 149 167 160 179 251 758 274 266
Summary statistics Factors affecting flow regime
1986
For *986 For tncord A3 % of # Reservor(s) in catchment.
piecedicg 1986 pro- 1986 # Flow influenced by groundwater abstracuon
Maan Mow (m?s™=") 26 330 22 680 116 and/or recharge
Lowos: yearly mean 12 520 1964 ® Abstraction for public water supphes
Highas: yoarly Tean 34 B3O 1874 & Flow reduced by industnial and/or
Lowost morthly muan 6.012 Jul 0757 Aug 1976 agnicultural abstractions
Hrghast morthy mean 65 140 Nov 91 690 Dec 1959 ® Augmentauon from surface water and/or
Lowost daiy mean 378 24 Jul 0 580 23 Aug 1976 groundwater
Hrghast dowy mosn 254 204 19 Nov  4B2 300 27 Doc 1979 ® Aygrnentation from effluent returns
Paak 363991 19 Nov 714 600 28 Dac 1979
10 %ilo 58 440 55 370 106
50 %ila 14 53¢ 12 410 112
95 %iln 4517 1809 250
Annual 1018l IMihon cu m) 830 3¢ 715 80 116
Anngal runolt (mm) 906 81 115
Annusl roiniall {mm) 1412 4236 114
[1941-70 rainfall overage (mmj 1230

Station and catchment description
Velocity-area station, wida, shallow channel. Cableway span 46 9m. Low flows measured st another, narrower, site High flow gaugings difficult
owing to standing waves Some gaps in the record Modarate influence from PWS and diversions. Rural catchment of moderate reliet, drainmng
voary disturbad lower Carboniferous slates. shales. grits and volcanics. Significant alluvial flats in middte reaches, Devorian slates low down
Farly responsive. A range of agriculture, graning and foresiry as land use.




RIVER FLOW DATA

050001 Taw at Umberleigh 1986

Moasuring authonty: SWWA Gnd refarence: 21 (SS) 608 237 Catchment area (sq km) B26 2
First yoar. 1958 Lovel stn {m QD): 1410 Mnx alt. im OD). 604

Daity mean gauged discharges jcubic metres per second}

DAY JAN FEB MAR APR MAY JUN AR AUG SEP ocT NOV DEC
1 45922 16.995 3441 1022 11 699 € 458 4 707 3768 15832 3336 42 287 24618
2 458N 15 510 J.54) 26 433 10 648 5873 3.970 3.945 13 766 3.249 J1.489 22 266
3 3o, 14 188 3 49% 21630 9470 53N g7 3032 V3 607 3018 28 826 18 010
4 37838 12.495 9 108 18 030 12 338 5018 4 a4 9236 10.214 2.861 23 480 16 196
& 33.758 11.366 21.219 15390 10 182 481 8672 5.398 9.181 2784 22010 21573
L) 28 560 10417 10379 13834 8294 4282 5403 5377 8412 2.708 19 850 1B 573
7 62 257 9347 B 387 14 588 8 795 4127 4 203 7 406 7693 2657 19 707 24 992
8 47 415 8383 7.546 19 408 8.632 39835 4 538 580 7 056 2578 23 696 68 161
] 3382 7508 10 315 14122 B 156 12 460 3.770 4976 6 326 2552 29678 a7 164
10 10537 7 249 9515 11.702 B 123 36598 3414 1283 5.789 2663 371356 37 830
1n 59 483 6 796 7.729 10 N6 7 324 37.555 3788 45 093 5424 2570 31708 69.360
12 51.120 6.554 7043 10 1114 7486 20524 3 544 14.651 5058 2405 25 056 49 886
13 44 088 6.389 6513 11176 7.135 16.077 3184 1 316 17 067 2403 40 841 68 780
14 40020 5735 6018 21978 44 508 13 286 2978 9 582 21.159 2422 127383 S0 837
15 36.337 5.361 5 758 312328 37 785 1N 2812 1.743 11432 2325 57 152 89 636
18 32.208 5179 6 368 25.393 25283 9558 2 468 6513 9663 2147 47.402 75.17%
17 J1.718 4 B61 5915 22478 27619 8 339 2272 5821 7 866 2037 48472 66 340
18 38.258 4414 6 608 18.092 21358 7.398 2 158 21257 6 809 2 156 108.704 60 550
13 Je.688 4222 7124 23 908 17.116 6 633 2062 13 415 6159 3303 176727 63493
20 32951 4 039 7.807 43.695 16.262 5986 21 9174 5 758 19324 104840 60 592
1 52.741 3944 5475 50.704 15 449 7.54B 2.236 659 54 29 01 80.B59 48 165
22 74.am 3726 7.247 44 683 12.802 8406 2.109 20983 5104 85 352 66497 36 562
23 89 088 3903 14 096 47 316 11 208 6 503 1941 20 255 48N 45 650 68 009 29293
24 84162 3 641 37.112 41824 10076 7.160 1861 20 968 4 563 34 370 83213 25077
25 44132 413 23.093 34778 9.168 5670 ¥ 992 ro.azs 4244 45 962 71424 67277
26 34 841 4876 22 505 27679 8 483 4 666 2253 57 460 4.032 34072 75 656 43 610
27 30785 4 649 29 560 22322 7 BOS 4137 2141 44.335 3898 56 152 56.16C 37013
28 30 342 4 296 45 032 18819 7208 3957 2 764 38.560 3790 17 885 43.063 34 930
29 28 191 42 048 15 700 6.561 6 983 3020 29.169 3607 60 458 33020 32123
20 21.077 49 238 13274 6.330 6.086 330 22.587 3408 47,19 26229 70373
31 18521 J9 862 8 268 4837 18122 37 569 79128
Avorage 42730 7.155 15.180 24 090 13280 9 540 333 18.010 791 18 150 54320 47 040
Lowas! 18.521 -3.641 Jam 10 111 6 330 3.835 1 861 3033 3 408 2037 19.207 16.196
Highast 89.088 16.995 49 238 $0.704 44 508 37.555 8672 70828 21159 17885 176.727 89 6236
Poak fow 108.526 18 283 60 89?7 65 314 99 689 78.066 10852 124530 41049 97.651 251.996 123 938
Ooy of posx 10 4 24 21 15 10 5 n 14 28 19 15
Monihly toisl
{milken cu m) 114.50 173 40.67 62 43 35 56 2473 887 48 23 2051 51.30 140.80 126 00
Runoff {mmj 139 21 49 78 43 30 i 58 25 62 170 152
Rauntall {mmj 148 3 108 a7 93 97 65 151 k| 138 e3 196

Statistics of monthly data tor previous record {Oct 1958 to Dec 1985)

Moan  Avg. 35970 2890 20510 13 "o 9 688 5213 4628 5676 7776 18 720 28.26860 37 230

flows: Low 6657 3 244 T 449 3 889 2073 1329 0793 0423 0861 1043 3.653 13210
iyear) 1863 1959 1984 1974 1976 1984 1984 1976 1959 1978 1978 1963
High 62 100 54 760 52 140 32 800 37 000 16 630 23 390 19130 47 670 77.3G60 58 500 13670
iyear) 1984 1970 18681 1966 1983 1972 1968 1985 1974 1960 1863 1965

Runoff. Avg. 17 a5 67 43 31 16 15 18 24 61 89 21
Low 22 10 24 12 7 4 3 1 3 3 1" 43
Hgh 201 160 169 103 120 52 76 62 150 251 184 239

Rainfol. Avg. 132 1] 90 69 12 66 n ar 95 112 128 140
Low 28 s 18 8 28 10 23 24 14 14 56 41
Hegh 242 173 183 145 146 164 152 160 247 278 239 2N

Summary stotistics Factors affecting flow regime

1986
For 1986 For record As % of ® Raservoir{s) in catchment.
pracedng 1986 pe-1986 ® Abstracuon for public woter supplios

Moan flow [m2s~" 21910 17.990 122 ® Augmentation from effluont returns,

Lowaest yearly mean 11310 1964

HMighgst vesrty mean 27.590 1960

Lowaest monthly moaan Ins hd 0423 Aug 1976

Highost monthly masn 654 320 Nov 77 360 Oct 18560

Lowost dady mean 1861 24 Ju 0 200 28 Aug 1978

Hughaat daily mesn 176 727 19 Nov 363 BOO 4 Dec 1960

Pesk 251996 19 Nov 644 9500 4 Dac 1960

10 %ilo 53 770 46 690 115

50 %ila 11 450 9 291 123

95 %l 2472 1174 211

Annusl 1otal (Mmulion cu m} 69100 567 70 122

Annual runotff {mm) 836 687 122

Annual raintall {rmm) 13186 1148 118

11941-70 ranlall svorage (mm) 1183]

Station and catchment description

Volocity-araa station, main channel 34m wide, cableway span 54.9m. Rock step d/s forms the control. Bypassing bagins at about 3.7m on the
b, but ?ood r8ling accommodates this. Significont modification to flows owing to PWS abstraction. Some naturalised flow data available.
Lu:};e rural catchmaent - drains both Dartmoor (granite) to the south and Devonian shales and sandstones of Exmoor to the north. Central area s
underlain mainly by Culm shales and sandstones (Carboniferous) Agriculture 1s conditioned by tha grade 3 and 4 soils.




76

HYDROLOGICAL DATA: 1986

052005 Tone at Bishops Hull

Grid raference; 31 (ST} 206 250
Lovel stn. (m QD). 16.20

Moasuring authority: WWA
First yoar: 1961

1986

Catchmant area {sq kmj 2020
Max el {m OD}. 409

Daily mean gauged diacharges (cubic metres per second)

DAY JAN FEB MAR APR MAY JUN JUL
1 9 292 4 644 1.465 3 64s 2870 18234 1087
2 7 863 4372 1.438 333 2700 1742 1108
3 6 049 4.200 1.431 3005 2187 1.610 0984
4 7.875 3793 1.749 2733 3333 1503 1096
3 7124 3580 2.184 2 555 2.840 1474 1517
] 6 487 3325 1.872 2568 2674 1.397 1.077
? 23199 3076 1.546 3gn 2.930 1376 0 964
8 1219 2880 16185 6097 2917 1.263 1.002
9 8 348 2.735 1.682 3584 2639 1733 0919
10 21482 2612 1.598 2948 2412 2.987 0924
R 12 053 249 1512 2834 2242 2 596 + 046
12 9.481 2.466 1439 2933 2181 1675 1.075
13 8157 2414 1417 304 1934 1495 1009
14 7510 2 300 1389 4093 §821 1445 09717
15 6.262 2.142 1381 4952 4378 1375 0888
16 5471 2084 1539 4891 2897 1304 0878
17 5126 2024 1461 4 688 4344 1328 0833
18 4 880 1.908 1.456 3.998 3358 1269 0837
19 4614 1.855 1409 3813 3054 1213 0829
20 4.040 1.838 1.591 4878 3.253 1.207 Q823
1 5715 1760 1408 5818 3241 1356 0816
22 10 898 1.734 1.5 6.228 2.729 1.369 Q.773
23 981 1678 24377 8 305 249 1266 0 789
24 7416 1624 5647 8 263 23N 1.282 0.774
25 6 349 1568 2697 5.289 2244 1193 0776
28 577 1452 2596 4 608 2.142 1.081 0.782
27 5433 1460 3009 4 086 2070 1076 0757
28 10 128 1.508 4 185 3 698 1.984 1 OB7 0828
29 8.152 4.092 3.370 1.861 1309 0829
20 5 680 5840 3102 1902 1151 1167
n 4949 4366 2038 0971
Average 8 335 2483 2216 4143 2 830 1 469 0 940
Lowost 4 040 1452 1381 2 655 1 B61 ' 087 0757
Highest 23799 4 644 5.840 6.838 6821 2.987 1517
Paak flow 47.770 4733 14.733 8.214 16 516 5043 2457
Day of peak 7 1 24 8 14 10 ]
Monthiy total
{mion cu m) 22.32 8 01 5534 10 74 758 g 252
Runotf {mm} 111 30 28 53 ae 19 12
Ranlall {mmj 154 -7 a1 a7 a7 59 45
Statistics of manthly data for previous racord (Feb 1961 to Dec 1383}
Masn  Avg. 6 084 8193 4 4582 2,907 2156 1431 1200
flows: Low 1246 1.746 1.552 1177 0735 0456 0326
{yoen 1976 19656 1962 1975 1976 1976 1976
Hgh 14 860 14 000 9 259 6 855 6 562 2170 5628
{yoar) 1984 i978 1981 18966 15983 1972 1968
Runofl: Avp. 81 75 59 37 29 18 16
Low 17 21 21 15 10 ] a4
High 193 168 123 85 87 36 75
Ranlal: Avg. 114 83 85 80 69 59 57
Low 25 [ 5 6 25 :] 16
High 250 170 170 150 137 147 144
Summary statistics
1986
For 1986 Foe record As % of
preceding 1986 pro- 1986
Moan flow (m?s~ ') 3.180 3082 103
Lowast yaarly maan 1 600 1964
Highost yoarly mean 4 084 1974
Lowas: monthly maan 0940 Jul 0 285 Aug 1978
Highes! monthly maan 8 315 Jan 14 560 Jan 984
Lowes1 daily maan G701 16 Aug 0179 22 Auwg 1976
Highost deily mean 23.799 7 Jan 84 200 23 Feb 1978
Pook 47.7270 7 Jan 152 730 11 Jul 1968
10 %o 7160 8678 107
50 %uo 2.119 1799 118
95 %in 0.79% 0 641 124
Annual total (milon cu m) 100.30 97 26 103
Annusl runoff {mm} 496 4 103
Anngsl tainiall imm} 1051 981 107
| 194 1-70 rainteV avarego {mm} 993

Staticn and catchment description
Crump weir {breadth 12.2mj with cresi tapping Fullrange station. Pre-March 1968 velocity-area siation: flows inaccurate below t 42 cumecs
Clatworihy and smaller Luxhay Resorvorr in headwaters. Compensauon flow mainaing low flows Reservoirs not large enough 1o influence fairly
rapid response to raintall. Minor surface water and groundwator abstracuions. Caichment geology - predominently sandstones and marl Land

use - rural.

AUG SEP oCcT NOV DEC
0908 0 899 0 846 3261 4130
0870 0 908 0.820 2.429 3192
Q887 0932 0827 2 288 3495
0 905 0843 0.798 2132 3216
0 846 0847 0.789 20 KIRT::)
0 B99 0.849 0.830 1.868 2 996
0 B47? 0830 0 199 18N 34
Q847 0808 0 803 1810 9471
0847 0776 0 797 1943 4 838
0 847 0788 0 868 2.625 4190
087} 0.787 o818 2 742 10983
0837 0.781 0.820 2220 7109
0 809 2.500 0836 3729 9493
07175 2.224 C 860 9075 6 280
0707 1.392 0.788 4192 12 424
o7 1144 0778 4 054 9913
o2 1025 0.753 4 345 9 744
1545 0967 C 782 18 462 8 596
0997 0941 0.976 18 349 9 999
G835 0934 2,415 12675 8 329
090 0908 2284 9411 T 003
1.751 0.B66 J.063 7.689 5966
1265 0881 2323 9 750 5270
1205 0 869 2.20 7 083 4729
3374 0835 2.909 7238 5 096
1972 0.8241 2199 7.790 4.488
1237 0 830 2623 6 499 3942
1 069 0 819 2912 5 691 3 809
0971 0836 2536 5.011 3875
093 0834 2 643 4 490 8279
0 885 2623 9190
1067 0 990 1492 5.757 6363
0 701 0776 0 753 + 810 29596
2374 2 500 3.063 18 462 12 424
6623 4.364 4 931 47 103 22673
25 13 0 18 n
288 257 4 00 14.92 1704
14 13 20 14 84
100 43 100 139 149
0 968 1239 2018 3282 § 223
0 265 0.501 0580 0651 1.821
1976 1964 1978 1978 1975
1 686 4 892 9872 7611 11 280
1965 1974 1976 1982 1965
13 16 27 a2 59
4 6 8 8 24
22 63 131 98 150
70 64 87 a8 118
19 2] 8 a a0
126 202 249 192 208

Factors aHecting flow regime

® Roservoirr(s) in catchment.




RIVER FLOW DATA

053006 Frome(Bristol) at Frenchay 1986

Maasuring authonly: VWWA Grid roference. 31 (STI 637 772 Catchment area {sq km): 148.9
First yaar: 1961 Level stn, (m O0): 20.00 Max ahl. im OD}- 193
Daity mean gauged discharges (cubic metres per sacond)
DAY JAN FEB MAR APR MaY A AL AUG SEP ocT NOV DEC
1 1629 49372 0535 1.902 1042 0 788 03 C 380 0403 0229 2882 2 445
2 8.145 4567 0505 1 682 1.010 0685 0.290 0320 0 391 0.229 1 446 2452
3 4.894 3.882 0543 1.440 1050 0675 0290 0430 Qan 0228 1.031 1958
4 4.493 2.843 0 702 1198 1.153 0603 0.370 0 350 0329 0201 0 840 1 665
5 4218 2310 1437 1 066 1193 0581 0520 0.280 0314 O 188 0734 2427
5 2.828 1929 0.948 1.142 1093 0.546 0370 0.350 Q30 0189 0629 2139
? 3005 1.633 om 1.772 1.319 0528 0.310 0430 0303 0206 0 602 2876
4827 1,394 0722 2.408 1075 0.489 0420 0.260 0289 0228 0651 6911
9 3 354 1.265 0.767 1.607 0969 0777 0.320 0230 0279 0202 1.339 3584
10 12.444 1.203 0878 1.180 o 8a7? 1.39% 0 400 1 660 Q2739 0260 2272 2430
11 55186 1.109 0.840 1013 0828 1074 0.520 0 800 0277 0180 2320 7512
12 3551 1094 0598 1.001 [+F. L3I 0597 0.540 0430 0273 0178 1360 5 337
13 2.781 0963 0.592 1.179 0 863 05189 0 3320 0 345 1 606 0188 4710 8294
14 2.250 0.9%9 0.558 1862 7.463 0.488 0 500 0299 0851 0.206 6322 4052
15 1.755 0918 0 580 2.828 8621 0460 0 300 0 255 0525 0179 3.210 10 955
16 1.563 0828 0ona 3530 2199 Q a45 0270 0.236 0395 0172 3. 344 6 289
17 1.524 0828 0574 2,463 3820 0415 0250 0.232 0329 0.127 3 684 5473
18 1.545 0.812 1070 2023 2.689 0394 Q230 0485 0 294 0 380 11.065 a 701
19 2.134 0 749 1.259 1.278 3503 0330 0230 043a 0 280 0 702 13513 2 997
20 123 0.729 1175 2776 7630 0375 0.220 0313 o2M 1.610 12524 2307
21 2117 0675 0996 2,774 4323 0 168 0220 0 296 0 268 1.880 12 818 1968
22 95878 0647 1067 4923 2 485 0377 0220 1438 0.273 2540 14 995 16847
2] 4.734 0.606 2475 4379 1.765 0 354 0220 0772 0282 1170 14613 1427
24 2677 0628 5 480 3765 1.398 0 353 0.210 05831 0.280 0930 €915 1369
25 1.949 0554 2.252 2741 1.200 0.332 0220 2 633 0 280 1.280 7 004 2252
26 1.689 0511 1.889 2.267 1047 0.312 0250 2059 0280 0.760 9.669 1897
27 3.3 0 589 J.a44 + 746 0.952 0307 0250 1037 0263 09720 4 730 1582
28 13.662 Q 594 8 026 1.413 0917 0292 0 460 0714 0234 1 640 3240 1 396
29 19.772 4.a95 1.215 0797 0.288 0390 0.547 0227 1510 2474 2 368
30 10.857 3.835 1126 0.7151 0.292 1200 0.462 0229 1,273 2043 9415
N 7.749 2621 0889 0.530 0 394 1 289 6 661
Avorago 5130 1421 1.675 2074 2050 06517 ¢.361 0626 0368 0 689 5067 3832
Lewest 1.524 0511 0.50% 1 001 075 0 288 G210 0230 0227 0172 0 602 1369
Highest 19772 4972 8 026 4922 7630 1395 1200 2633 1 606 2 540 14 985 10 9585
Paok flow 35 055 5278 9.255 6 651 15.962 2.379 3 000 6657 4 707 4.200 22947 15 496
Day of paak 28 1 24 22 H 10 30 25 13 20 20 kAl
Maonthiy total
[rillion cu m) 13.74 Jaa 449 537 5 49 134 097 168 095 185 1313 10 26
Aunoff (mm) 92 23 30 36 37 9 6 1 6 12 B8 69
Ranin’l {rmm) 1156 ? 63 65 88 26 54 100 29 81 122 106

Statistics of monthly data for previous record {Sep 1981 to Dec 1985)

Mean  Avg 3379 2 857 23719 1351 12268 0829 0635 0 568 , 07187 1184 2106 3210
flows: Low 0670 08613 0.636 0476 0290 0220 0122 0139 0208 0162 0213 0820
{yoor 1976 1955 1973 1976 1976 1976 1876 1976 1978 1978 1978 1973
High 6 152 6040 5 762 3434 5028 2973 3516 2398 5113 4691 5434 9.807
{yoor} 1962 1977 1981 ~966 1983 9N 1968 1985 1974 1967 1963 1965
Aunolt. Avg. 61 a? 43 24 22 14 11 10 13 21 37 58
Low 12 10 1 8 5 4 2 3 4 3 4 15
High AR 98 104 80 90 52 63 43 89 84 95 176
Roinfall Avg. 75 53 65 a8 67 64 53 70 77 65 76 88
Low 18 3 21 5 19 6 12 26 21 5 35 ?5
Hipn 137 127 146 97 147 139 129 127 182 183 185 208
Summary statistics Factors atfecting flow regime
1986
For 1986 For record As % of ® Flow influenced by groundwater abstraction
procedwy 1986 pra- 1986 and/or recharge
Maan flow [mis~") 1988 1704 17 # Flow reduced by ndustnal and/or
Lowest yoarly moan 0 804 1973 agncultural abstiractions.
Highast yaarty moan 2 255 1974 & Augmentation from effluent returns.
Lowast monibly moon 0361 py 0122 Jul 1976
Highast monthly moan §.:30 Jan 9 807 Doc 1965
Lowoest dmly moan 0172 6 Oct 0075 10 Aug 1976
Hghast dally moan 19.272 29 Jan 53 530 18 Dac 1965
Poak 35055 28 Jan 70 790 10 Jul 1968
10 %ila 4.825 4126 117
50 %ilo 0.985 0.780 126
95 %ilo 0228 0200 112
Annual total (mdhon cu mj 52.69 §3.77 117
Annugl runofl {mm) an 361 117
Annual raintall imm) 856 801 107
1194170 rontan avarsge (mm) 7914

Station and catchment description

Tropozoidal critical depth flume. Fult range station. Flume designed on basis of pre-urbamsauon flow estimates - site swamped in storms of
1965 and 1968. Extra retuining walls have boen installed Flows atfecied by mill operation upstream. Minor groundwater abstractions and
efftuent returns. Impormeable catchment - predominantly Coal Measures on aastern side of catchment and Lias on western side. Substantial
urbamsation in ¢atchment.
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HYDROLOGICAL DATA: 1986

054001 Severn at Bewdley

Gnid raterence: 32 (SO) 782 762
Level stn. {m QD): 17.00

Maoasurmg suthonty: STWA
Firar yoor. 1921

Daily mean gouged discharges [cubic metres per second)

DAY JAN FEB MAR APR MAY JunN AR
1 86 810 147 550 20680 117 129 44132 32 664 131373
2 1126832 M3 117 20.500 99 080 40 553 32537 12.968
3 139559 120 500 8110 82 260 37014 32272 13 481
4 118.282 111278 20370 0 760 36 981 29 246 14 249
5 95.250 92530 1112377 68 170 36 091 27.8208 14 195
8 97 7680 81940 146055 63150 37283 28.047 16.058
? 89 330 71.310 77370 57 970 38 200 23083 16 522
8 78 990 61950 54 680 69 120 33449 22.370 15.172
9 78 250 568.980 46.550 75 590 32967 23675 15213
10 200 828 53 060 47.180 82470 32288 34 624 14 783
1 278 548 48.410 44 850 52 B30 44 898 40224 14 246
12 314 500 43 800 39010 46 610 45 638 51 858 13279
13 238.700 42 350 35.550 48 010 53 543 3a 405 14 828
14 180 164 39 560 32 860 50 420 48.762 25379 14 778
15 173 168 35480 J1.380 &7 920 44 772 23433 13 856
18 142 000 34 020 30420 93 470 51211 23 06O 13 547
17 116 380 34 3860 29 870 58 100 40 364 22 614 12 702
] 899 210 32740 30620 164 500 38 373 25514 11208
18 152137 30770 3B 118660 44 922 21124 10 680
20 215500 29 480 36.630 107031 46.925 19 117 10 719
21 21B8.419 27.870 34.720 139637 50 461 13576 12 029
22 235216 24 350 34100 130828 83 220 18020 12 998
23 240 864 24 M2 34 540 125 956 50 158 18.253 11.738
24 240626 24 850 82760 110842 40 218 21883 12815
25 190 753 23500 114200 102100 a8 159 21 282 13.470
26 147 700 21.600 94 950 86910 50942 18.128 12 651
27 123.300 21.620 §9.380 73 800 51287 16 615 13074
28 118 700 20190 140 753 62 160 42 723 137171 14981
29 117 800 136 348 55100 34 990 13 688 15218
0 156 08S 138 719 49 240 0 91? 13 358 19 855
N 183371 124574 30325 24 414
Avarago 161 000 52 690 62820 86 980 41 960 24 850 14 09C
Lowast 78 250 20 190 18.110 46 610 30324 13.358 10,680
Highest 314500 147550 146055 164 500 51543 51.858 24 414
Poak flow 322194 171951 179117 177 482 59987 57969 27 320
Day of poax 12 1 8 18 13 12 3
Monthly to1sd
{mikon cu m} 431 30 127.20 187.70 22550 112 40 54 42 37 74
Runot! (mm} 100 29 a3 52 26 15 9
RAomiall (mm) 141 11 83 a2 0 40 49

Statistics of monthly data for previous record (Ape 1921 ta Dec 1985)

Meoon  Avg 113 800 102.8300 73.800 652 050 39.410 29950 23160
flows: Low 22 090 21.200 23.200 15 890 10 220 981 9 592
{yoar) 1963 1934 1943 1938 1938 1976 1876
Hgh 250600 232300 261900 112400 131600 117400 91.220
{yoor} '93% 1946 1947 ‘947 1969 1831 1968
Runoffl: Avg 70 58 46 n 24 18 14
Low 14 12 14 10 6 ] 6
High 155 130 162 67 81 0 56
Rantal: Avg 92 68 62 €0 70 61 72
Low 22 2] 3 5 18 5 10
High 226 170 175 128 186 136 193
Summary statistics
1986
For 1986 For record As % of
precading 1986 pre-1966
Meun llow im?s™ 7} 69.100 61990 11
Lowes! yoarly moan 36 460 1964
Highgst voarly maan 94 740 1960
Lowast monihly mean 14 090 Jul 7.460 Aug 1976
Highnst monthly maan 161 000 Jan 297 a00 Dec 1965
Lowest daily mgan 10 680 19 Jul § 990 4 Sep 1076
Highest daily mean 314 500 12 Jan 637.130 21 Mae 1947
Paok 322184 12 Jen
10 %ilo 161.300 147 500 109
50 %ils 41 440 37 860 109
95 %ila 12 810 1310 13
Annual 1otsl (meon cu m) 2179.00 1956 00 11
Annual tunoft imm) 504 452 1
Annual cantall {mmj 974 918 108
[1941:70 rointal svarepa {mm} 952]

Station and catchmeant description

1986

Catchment erea (sq km): 43250
Ma=x alt. {m O0D) 827

AUG SEP ocT NOV CEC
27933 40027 13 084 71459 110 552
24 457 34 062 13082 107 427 95.538
26 637 30417 13139 79 818 86 098
23 467 34923 12 087 63.339 84.835
18 657 33.152 11928 55167 121912
19 687 25877 12 392 50 469 126 743
22 3N 23.804 12.762 54128 112197
28576 21 502 12 958 47434 110504
30 243 20.685 13.07% 55492 196732
25 965 19 748 14 04§ 69549 199 654
23 99 19.104 14484 105788 154 618
20278 18 363 14.317 80.173 160 785
19 460 17778 14 831 69388 1657994
18 716 16 468 14 925 110 070 183 101
19.936 15.665 14436 144 406 160992
16 867 15 342 14 4B4 123 49% 216 010
16 266 14 634 13.622 118.703 206 660
16 05 14 417 11.588 160 089 194.481
14 5659 14 223 14068 229941 231475
13 823 12.703 21.589 252.149 214.733
14 202 12 250 39.247 280203 176125
16 202 12 567 50062 265812 148.142
16 653 12.615 62014 229983 115 200
22927 12 104 59.794 240 759 95 792
31583 12.625 46506 268012 87 602
92 367 13 682 99508 279049 105 311
197 868 13.307 81838 276.252 81.161
126 819 13 361 69.321 242370 89 024
821 13427 92966 176 402 86 999
60 234 12 718 72554 138251 151110
48 080 66 839 258 746
36 680 19 050 33.150 148200 146 500
13823 12.104 11.588 47 434 84 835
197 868 40 027 99.508 280 203 258 746
208 977 44 678 12829% 284 795 291195

2} 1 26 21 N

98 2% 49 38 88 79 384 10 392 30

23 1 0 89 9
1o = 85 143 153
28 360 37070 54 130 90 260 101 400

7 460 1676 10.500 21 740 17.840

1876 1949 1947 1942 1933
92360 126 700 140.700 238.300 297 400

1927 1946 1967 1940 1965

18 22 34 54 63

5 5 7 13 1

57 18 87 143 184

78 79 84 97 95

13 5 13 13 10
160 209 174 244 29a

Factors affecting flow regime

® Reservoir{s} in cotchment.

@ Flow influenced by groundwater abstraction
and/or recharge.

® Abstraclion for public water supplies

® Flow reduced by industnal and/or
agricultural abstractions.

® Augmentation from surface water and/or
groundwaiter.

® Augmantation from effluent returns.

Velocity-area siation with rock control Stage momtormg sig rolocated in 1950 and 1970, lowest flows nol reliable in earher record. US gauge

undargoing calbration Sig exports for PWS and

EGB, minimum flow maintained by

Clywedog releases. Naluralised flow series

occommodates major usages Divarse catchment; wet western 50% from impermeable Palagozoic racks and river gravels: dner northern 50%
from Drift covored Carborilerous to Liagsic sandstonas and marls. Moorland, forestry, mixed farming.




RIVER FLOW DATA

054002 Avon at Evesham

Grd refrrence: 42 (SP) Q40 438

1986

Mooasuring outhonty: STWA Catchment area {sq km) 22100

Fiest year; 1936 Lavel sin. {(m OD} 1950 Max alt. im QD). 320
Daily mean gauged discharges {cubic maetres per sacond)
DAY JAN FEB MAR APR MAY AW JuL AUG SEP oCT NOV o
1 33.840 46 695 9.754 36 494 13901 11 335 6419 7.360 8862% 6279 14 686 17 934
2 65.798 58 967 8711 30047 13824 11.182 6 256 6 282 7 835 6 044 16 562 15.118
3 54.376 64 694 N 25 959 13 335 11837 6107 682] 7.936 5972 12.900 14,520
4 36.547 51.888 14339 19.931 12 860 11.029 6.107 7914 1547 5 B89 98N 13579
5 41.703 37.119 22.458 17 342 12 860 9 382 €.284 6 983 7.056 5853 8 833 15 006
8 35.954 30.184 21205 17.891 12506 8 726 6.345 6147 6519 591 81 15772
7 30022 25239 16.354 25430 14 541 B 475 6 264 S 829 62N 5.961 8.187 14 728
8 $3014 22.030 14173 40632 18 465 8 046 6 161 5 749 5 486 5 965 10 351 28 494
9 52512 19 546 12.900 33 a0 17 412 8 861 5978 5.580 6 380 5902 11044 3250
10 118.389 17.336 13180 24.219 14 356 13 308 5853 8174 5413 6012 13182 23432
11 113 345 15877 13 988 18 695 12 765 11630 5.935 27778 6 258 5 960 15 372 32710
12 80.328 15622 13028 16 976 12 887 8 866 6529 17 308 6 291 5 899 14 009 42 216
13 41877 14 544 12.288 16 929 12 605 7 899 6 8596 10 932 8429 5 961 14 853 53 1377
14 2812 13 948 11.422 17 689 16 816 7516 5329 8.504 15 502 6 141 26 156 45 815
15 25 508 135594 10 497 39 341 44 673 6919 5183 7374 11.069 67178 42 463 608
16 20892 12610 10.616 50 500 28 B39 T172 5 849 6.657 B 471 5817 32 465 74 739
17 18 595 12137 11.199 52 %22 20326 T 262 5.792 6.272 7 298 5837 23292 51010
18 17.810 11673 172 42 906 20 808 6 998 5.448 6 649 6.796 5871 34 778 42 652
19 18.832 11.246 18.182 31178 17093 6712 5 398 8897 6 329 6 339 52187 40 454
20 19 287 10 798 20741 54 198 44 256 6 626 5.356 8.125 6.194 11 396 47 BB7 33998
21 18821 10.356 15961 56 297 44 111 6313 5.429 8.0M 6134 13.86% 8% 758 29 959
22 20818 10219 13 857 54 686 30 148 642] 5296 12720 6201 18 028 65487 30 380
22 243 9 644 13977 50 350 21108 10 291 5 337 20.557 6 180 1.0 42136 25 461
24 21.850 9259 22 229 44 989 18 245 14 853 5517 10 84C 6023 8 257 32 484 21688
25 17.530 9210 23.53% 0241 13 608 10 366 5 663 21970 6 009 7 853 30892 27 530
26 14 567 8.248 20757 24352 12 854 8133 5721 66 500 6025 7052 60 808 31441
27 18.641 7523 22517 20 680 12 144 7 388 5 343 37.653 5.953 9947 48 943 26 025
28 27977 H1an 36.734 18 3158 11931 € B77 5928 24.295 5.9 11119 34 490 22 568
29 90978 43 299 16618 11837 6 385 6 848 15618 5963 8 955 24109 20.788
0 102.605 46.004 14 738 10616 6 169 8337 11.363 6 040 8023 20113 55 202
n 58 897 44 911 10.907 9 646 9312 7.466 71137
Avorago 42.980 20 700 18.650 31.450 18 400 8 765 6 150 13370 7137 7.627 28 650 33.270
Lowest 14 567 7.523 T2 14 738 10616 6.169 5.296 5580 5921 5779 8131 13.579
Highost 118 389 64 594 46 004 56 297 44 §73 14 859 9 646 66.500 15.502 18 026 85 758 14 739
Poak llow 145 447 66.194 50 224 62.336 59 B80S 17539 11303 17.769 18 292 20795 93.744 87 776
Day of pooak 10 3 30 20 20 24 N 268 14 22 21 15
Monthly 1018l
(rmilbon cu mj 115.10 50.08 49 86 8153 49 23 2272 16.47 3580 18 50 2043 7425 8911
Aunott [mm) 52 23 23 ar 22 10 ? 16 8 9 34 40
Aoinisl (mm) 79 12 58 82 rAl as 39 123 22 61 81 81
Statistics of monthly data for previous record {Dec 1936 1o Dec 1965}
Maan  Avy. 27.680 27800 22 550 14 360 11 500 8490 6476 6632 6.731 9 154 17 180 22570
flows: Low 5.140 4.889 2261 3 240 2220 1935 2 253 2038 1970 2 4B4 2677 3 548
Iyaor) 1950 1944 1944 1938 1944 1944 1976 1943 1959 1959 1943 1943
High 73.820 17.930 15600 35 160 37 680 27 380 42 220 16 100 24 210 45 410 55 920 65 160
(voor) 1339 18977 1947 1966 1983 1977 1968 1969 *860 1860 1960 1965
Aunotf:- Avg 34 n 27 12 14 0 8 ] B n 20 27
Low 8 & 3 4 3 2 3 2 2 3 3 4
Hgh 89 85 92 41 46 3z 51 20 28 55 &6 79
Ronfoll. Avg. 80 43 48 a2 56 53 56 70 56 57 64 61
{1937 Low 13 3 5 5 15 10 8 -] 3 & 8 15
1885] High 127 122 140 94 130 115§ 122 130 127 150 163 123
Summary atatistics Factors atfecting flow regime
1986
For 1986 for tocord As % of ® Flow influenced by groundwater abstraction
preceding 1986 pre- 1986 and/or recharge.
Mean flow (m?s” '} 19 760 15 Q20 131 ® Abstraction for public water supplias,
Lowast yearly mean 6 895 1944 ® Flow reduced by industrial andjor
Highast yoorly moan 25030 1960 agnculiural abstractions
Lowaest monthly maan 6.150 i ] 193% Jury 1944 ¢ Augmeniation from effluent returns
Highaat monthly mopn 42 960 Jan 77.930 Fab 1977
Lowasr dody mean 5 296 22 M 1274 9 Oct 1958
Highas! doidy mean 118 389 10 Jan 277 082 11 Jul 1968
Poak 145 447 10 Jan ar1 000 11 U 1968
10 %ile 44 870 33 460 134
50 %ileo 13 040 7.998 163
95 %ile 5854 2524 232
Anrug) to1st (mulbon cu m} 623 20 474 30 131
Annual rungt! {mm) 282 215 131
Arnnusl rainfall {mm) 124 666 109
[1941-70 rainia’l avaragn (mem) 672

Station and catchment description

Velocity-arep stotion Rocording site. control and gauging sute are widely soparated: racording at @ site whore alt flows containud. Gouge site can
mossure out-of-bank flows. Extansive modificarton to flow regime from abstractions and returns. Larga catchment of low rehef, drairing
argillaceous rocks almost axclusively. Contains many large towns, but chief land use 1s agriculiure.
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HYDROLOGICAL DATA: 1986

055026 Wye at Ddol Farm

Ged retorence 22 (SN) 976 676
Level sin. (m OD): 192 80

Moosuring suthority: WELS

First yoor: 1969

Daily mean gauged discharges {cubic metres per second)

DAY JAN FEB MAR
1 8168 4787 0699
2 11.769 4,730 0 655
3 8.351 4180 0.948
4 a9 3.750 53194
5 9104 3338 21924
6 6883 2917 9425
7 5723 2711 6340
-] 4792 2488 4917
4 t4.610 2.384 4412
10 39.982 1951 3.797
1" 15.848 2098 3251
12 10.335 1.733 28M
13 12 203 1677 2615
14 10.205 1693 2529
15 14.234 1695 2 483
18 9828 1.458 233
17 13.421 1319 2055
18 50104 1323 2417
13 38124 1290 2 405
20 23 500 1108 2537
21 23.355 1353 2077
22 34 833 1149 4224
23 22922 1038 6.252
24 13.424 1024 11130
25 49124 0 959 9218
240 7.257 0.803 14 021
27 7.660 0 690 16 800
28 6 4438 0775 14 828
29 5.B00 15 481
el 6.272 13033
31 52370 11148
Averago 14 860 205 8 065
Lowas: 4 792 0 690 0 855
Highost 50.104 4.787 53.194
Poak flow 80 709 5052 76.781
Day of pask 10 1 4
Monthly totd
{mubion cu m) 2979 488 2160
Runoft imm} 229 28 124
Rawnfall {(mm} 269 10 181

APR

8 301
8§ 905
8 150
5 501
4873

4194
4101
410
3804
3120

2.865
2 901
3.303
3684
5.178

5959
7.395
5469
9907
16.809

16.392
16.604
10.585
10 064
7.378

5.679
4.665
4.564
3914
3275

6.532
2 865
16.809

30.764
20

18 93

97
120

MAY

2812
2.60%
2523
3039
3.167

2.541
240
3096
31871
5519

4982
5829
5034
7359
6.308

4.933
8.700
5323
440
€427

6 809
4789
4096
3769
4581

4 797
3786
3.196
2 808
2 809
3388

4.284
2.4
7359

10.104
21

1147

66
120

JUN

2.658
2 363
2803
2 556
2141

1924
1731
1.643
1846
6963

53N
3282
2.633
2226
1.892

2032
755
530
334
24)

1.139
1103
1 099
1081
09N

0788
0660
0574
0512
0480

1340
0 480
6983

9 742
10

5.03

29
38

Statistics of monthly data for pravious record {Oct 1369 o Dec 1985)

Moan  Avg. 1510 9 898 71997 5 226 3176 2.690
flows: Low 4 819 5248 2753 1014 Q 485 0497
{yoor) 1985 1975 984 1974 1980 i975
High 18 780 16 880 19 610 12 460 8.773 B8 B67
{yoar) 1983 1970 1981 1972 1979 1985
Aunofl: Avy. 177 139 123 78 49 40
Low 74 73 a2 15 ? ?
H.gh 289 235 302 186 135 132
Rantal: Avg 190 147 137 a2 96 92
Low 7 49 &0 11 25 21
High 322 260 284 206 191 202
Summary statistics
For 1986 Fot recoed
preceding 1986
Maan flow (mis" ") 7 284 6 751
Lowost yeorty moan 4304 1976
Highest yoorly maan 82N 1974
Lowonst monthly moan 1.443 Jud 01717 Aug 1976
Highnst monihly mgan 17 930 Dec 19810 Nov 1920
Lowust daly mgon 0 289 301 0083 15 Aug 1983
Highoat daily maan 74 749 18 Nov 76 690 21Feb 1970
Paok 177580 18 Nov 252.200 5 Aug 1973
10 %y 17140 16 450
50 %ilo 3797 3774
95 %iln 0393 0.430
Anarygl total (mellon cu mj 22970 21300
Annual runoff {mm) 1320 1224
Annual rainfall {mm) 1841 1581
11941-70 rainfal avoroga immy} 1618]

Station and catchment description

Intiplly, go

S
0433
0373
03585

11
0935

0687
0 754
Q730
o811
2323

2186
1510
1186
1 166
0949

Q716
Q0616
0 53%
Qanmn
0 548

0467
0 369
0373
0 383
1740

1 250
0991
2070
4 883
5873
17173

1443
0 355
1123

11881
N

22
100

2 s
0316
1984
5543
18974

33
85

1a
14
150

1986
As % of
pre- 1996

108

104
0

92
08
108
116

1986

Catchment area {sq km): 174 O
Max alt (m QD) 752

AUG SEP ocT NOV DEC
4 889 3.957 0337 12125 5 048
InN4 4.7 0319 7.990 4 401
2 608 7003 0289 7921 6721
2798 3832 0335 5 880 12 481
2577 o8 0440 12 006 14 214
2 260 2812 0 359 7808 8 734
6 342 2209 0.314 7757 8 682
4437 1.958 0332 9 485 29492
3047 1767 0374 12 200 17 090
2 457 1 604 0958 11117 11612
2 305 1.459 o778 9723 15 049
1.972 1330 0534 1514 16 738
2238 1243 04585 16 681 18 435
2040 1.159 0.414 17.60% 12124
1653 1087 © 366 11 469 25704
1.419 0.957 0322 11918 173727
1244 0 884 0 300 16 535 22 119
1199 0.808 0.344 74 749 26.161
1.113 0.725 1 862 32178 17 834
0926 0 668 10476 17517 14 287
0.925 0613 18 934 13.860 11084
2517 0557 13524 23734 8 198
2150 0521 10 982 51522 6 662
1544 0.496 3 061 33223 10 698
25 460 0 465 35689 40373 22 800
17.481 0438 1427 26 176 10 908
9073 041 17 664 14 209 8511
6 0B3 0407 18 302 9587 17 418
4 798 0 295 11423 7103 57 326
3879 0.358 11652 5527 74 607
3207 10827 23074
4124 1 589 6 200 17.890 17 930
0925 0 356 . 0289 5.577 4.4
25 460 7003 35659 74 749 74 607
58 838 12,136 63456 177590 172324
25 2 25 18 29
1105 412 16 61 46 17 48 02
63 24 95 266 276
136 3:} 192 302 354
3.132 4727 7 830 11420 11 750
0177 0 948 0683 a 598 4974
1976 1972 1972 1985 1971
9934 12 340 18 840 19810 17 890
1988 1974 1981 1970 1974
43 20 16 170 181
3 14 11 68 77
153 184 290 29% 275
109 140 141 194 188
13 44 39 97 9%
204 260 269 293 314

Factors atfecting flow regime

® Abstraction for public water supphes.

ed ngarby a1 Rhayader (055005 1937-69); rasited as a velocily-area station with a rock bar as control. Informal Flat V control

instolled 1972 Bankfull width approx 30m. Cableway span 54m. All but exceptional floods conlained. Lowast extent of natural gauging on the
Wya. Wat. upland catchment draining impermeable, metamorphosed Siluran sedimenis. High reliaf, headwaters reach over 500m, and foature
sloep sided and high gradient streams. Moartand and forestry.




RIVER FLOW DATA

056001 Ushk at Chain Bridge 1986

Meosuring authonty” WELS Grid reference 32 (SO) 345 056 Catchment araa (sq km) 911 7
First yoor: 1957 Levyl stn. (m QD) 22 60 Max s {m QD). 886
Daily mean gauged discharges {cubic metres per second)
DAY JaN FEB MAR APR MaY JUN Jut AUG SEP ocT NOV DEC
1 105 044 35.056 9320 29 243 19924 17 746 7043 3 344 13.349 4 988 a0 627 40043
2 118.098 33993 8335 30097 18 668 16 408 6 683 11.393 12 987 4926 36 655 35.985
3 74 090 31880 8 748 27 635 18078 15 204 6.361 8410 13 835 4 833 32 760 32 243
4 62.168 29 002 58 940 26827 22397 14.441 6 267 7028 13170 4 664 62 695 63053
5 59435 26 737 59.412 23 407 25 454 13416 6 370 6317 96 4574 63 7265 62 784
[ 50 898 24912 28.800 22 399 2% 356 12 668 6215 6139 9027 4638 21727 48 076
? A7 680 23 084 2291 22 750 19374 12 140 6037 11457 8 358 4536 20 695 51327
8 51602 21850 "g.281 27 058 24 46 11602 5 806 9 328 8 388 4 360 33863 160 240
9 57 193 20 "20 20121 24761 22517 17 300 5 581 7 096 7 864 4322 498 600 91516
10 200 533 19138 1921 21529 40123 51160 5 598 9918 7 445 4334 121 348 65 928
1 81522 17 784 17 164 19512 38 474 32 888 6253 15218 7132 4310 72 3as 131255
12 61515 17 404 15 7956 19 402 52927 21599 6126 9 906 & 854 4285 49 728 107 658
13 57 265 16.596 14 331 19 297 35226 17676 5 668 8112 7992 4235 B6 129 177 248
14 53 626 15 623 13 736 31243 37972 15 365 5414 9332 10 908 4216 136 518 80 430
15 50.718 14 957 14 256 48 736 46 004 13 907 5 165 8029 8102 4 064 77808 155063
16 44 425 14 429 14 312 37 061 31151 12 947 4 9B6 7043 1264 3980 82 028 83 370
17 40 669 1280 14 410 34 404 49 216 12 237 4687 6 465 6716 3 980 82174 88 678
18 44 841 13170 13572 28140 47 166 11 6558 4557 6 754 5923 4107 232089 87 554
19 72.980 12 609 15 230 26 689 32883 10 824 4 468 726" 5620 4656 221923 66 096
20 S4011 12 321 18973 60214 a0 407 10 2863 4362 633 5 465 17 950 128.082 48 394
21 99 643 11797 16 492 57070 63 641 9 920 4 295 5 958 5310 39 304 112818 52 154
22 135623 11389 17 001 91 144 41537 9.833 4176 7193 5137 38 515 46 789 42 9838
23 98 0t4 11115 29 745 64 249 32615 9 663 4 080 10 383 4927 25 857 101 216 37 507
24 G5 006 10 315 5 1.501 50 224 29 301 9634 3 988 8 307 5 065 28 232 75 430 34 712
25 50 489 10323 34 999 39 131 3387 9 541 3948 222 5034 50 604 144 988 49 610
28 44 501 9 358 28 320 33525 30 694 B 517 3940 89 881 4929 33 287 122 736 38 489
27 471 277 871 3125 29 201 25 758 7943 3 906 37719 4 802 35 401 72672 34 697
28 46 554 9075 39706 26815 21 741 7 607 4 500 26 409 4 726 50 475 57 363 36 201
29 48 026 49 B5C 25 186 19614 7 349 6425 20 755 4 9789 36 722 47870 41730
30 42 061 43 548 22 204 17 967 7223 7 061 17 852 5025 61 780 41994 199 191
3t 37 886 36 461 20 236 13312 14 985 38 536 83 202
Avorego 68 110 *7.730 25 88O 33 890 31 560 14,290 S 586 15 580 7430 17 450 85 500 75 210
Lowost 37 886 B/ 8 748 19 4062 t7 867 1223 3 905 5958 4 126 3 880 20695 32 243
Highnst 200.533 35 056 59412 91144 63 641 51 *GO 13312 89 ae1 13 835 61780 232089 198 191
Poak Mow 336.114 36 334 109 762 121929 112 752 62 583 19 203 197 828 16 292 100902 480271 322 a4}
Doy of posk 10 . 4 22 21 10 3 25 3 30 19 30
Maninly total
{rmulign cu m) 182 40 42 30 €8 79 a8 10 B4 52 3703 14 96 4173 19 26 46 73 22160 20140
Runot! {mm) 200 47 75 97 93 a1 16 a6 n 51 243 22
Ranfall {ram) 196 10 16 117 140 52 65 154 24 153 265 251

Statistics of monthly data for previous rocord (Mar 1957 te Dac 1985)

Mgan  Avg. 50 860 41 940 34 240 22180 17 410 11070 BU25 10 620 16 820 28 810 39 090 50 440

flows: Low 10 850 12 690 1000 8122 6124 4274 33%0 2699 2941 4 303 16 030 20 380
tyvar) 1964 1963 1962 1974 1984 1857 1876 1976 1959 1978 1975 1963
Higk 88 €50 95 710 100 700 49 320 46 H3) 26 740 27 490 38 540 45 880 86 350 99 840 112 700
{yoar} 1974 1958 1981 1985 1983 1972 "968 1984 1874 1967 1960 1959

Aunoff Avg. 149 112 101 66 51 n 24 n 48 -1 11 148
Low 22 34 29 23 18 “2 10 8 ] 13 45 60
High 260 254 296 140 137 76 81 1'3 130 254 284 N

Ranfall Avg 168 112 13 B4 92 7 16 98 129 133 149 168
Low 28 1" 15 8 n 17 21 25 8 19 74 48
High 331 223 303 175 21 144 37 210 259 328 323 s

Summary statistics Factors affecting flow regime

1988
For 1986 For record As % of ® Ruservoir{s) in ¢catchment
pracad ny 986 pra- 1986

Maan f'ow [mls =) 33 280 27867) 20

Lowast yearty moan 14 880 1973

Highast yoorly maeon 44 050 1960

Loweast monthy mean 5 %86 Jul 2699 Aug 1976

Highag1 momhly mgon B85 500 Nov 112 700 Dec 1959

Lowns! cailly mgan 3.905 27 Jul 1 607 27 Aug 1976

Highost daily maan 232089 1B Nov 585 400 27 Dnc 1979

Paok 480 271 19 Nov 945 000 27 Dec 1979

10 %o 75 260 63 520 18

S0 %k 20.640 16 650 124

95 %de 4378 4 338 101

Arnual 1013l {rulion cu m) 1050 0C 873 2¢ 120

Annyal runoff [mmj 16" 958 120

Annuo' tondall (mmy) 1543 1389 11

[1941-70 raintall pvarago (mm) 1415

Station and catchment description

Valocity-area station; permanant cableway. Low llows measured a1 complementary station downstream (056010 - Trastrey waoir) There 1s 8
partial impaci on flows resulting from three largo uxisting public water supply reservoirs in upper catchrnent Intake 1o canal upstresm of gauge
Somo naturalised llows avallable Geology - mainly Old Red Sandstone. Hill farming in upper areas, with dairy or livestock farming below: forest
3% Peaty soils in uplands, seasonally wat
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HYDROLOGICAL DATA: 1986

062001 Teifi at Glan Teifi

Muoasunng authornty” WELS
Firg1 year 1959

Daily maan gaugad discharges {cubic metras par sscond}

Grd roferenca 22 (SN} 244 416
Lovel stn. (m QD). 5.20

1986

Caichmant area {sq km) 893.6
Max ali {m OD}- 59%

CAY JAN FEB MAR APR MAY JUN Jul AUG SEP ocT NOV DEC
1 101.572 38 389 8 440 27151 21579 15 313 6223 11471 314338 4 706 48.415 40 89S
2 103.040 33.361 6220 25.952 19527 14.591 §.800 12.908 30617 4.585 40.718 3z 28
3 73.418 28 983 6.128 25 697 18814 14110 5 550 9820 30 344 4 363 39029 36 582
4 685.6682 25 384 29813 21687 25 600 14254 6553 8.7%0 25865 4242 35 49478
s 60 864 22928 44 351 19 358 23 487 12573 § 455 7 886 21614 4 206 32068 52 854
6 78 906 20 588 30 789 17 936 20 088 11575 5 365 10 748 18 960 4206 37109 47 995
? 77 582 18518 17 520 17.006 18 362 11 069 5192 14 658 17.029 4178 37141 6% 224
8 85 483 17 093 15 184 16.930 17.893 10638 5010 13 333 16 484 3870 54 644 163 645
9 61.740 15 720 17 943 15 424 19028 14,110 4912 10 962 14 252 4096 102428 129300
10 107278 14,742 18 333 14 045 26 3686 26 587 5041 9823 13 237 5123 12640 92 490
n 82 345 13 697 14 857 13 059 24 409 2419 6229 9213 12 354 4979 81202 144 140
12 62488 13 066 13873 12,725 34279 17.245%5 6716 8526 11548 4429 59.799 129 418
13 48.217 12 008 13 094 12.926 27.942 14 491 5715 8493 10 953 4064 91252 173379
14 41.63a 10,943 12 903 16,711 34195 13.219 %317 8.920 10 405 3956 143864 112 365
15 38 424 10620 13 445 20 768 33228 12 041 5041 8077 9 900 3823 111.022 180780
16 38 590 10 684 13682 18 395 26 958 11685 4938 7274 9 486 36 100647 97 427
17 35 098 10 112 12 8683 19 738 41577 11058 4 839 6767 9 049 2.689 85.602 85.263
18 38874 9182 12.488 17 956 38915 10 254 4476 8 599 8 737 36M 161 207 801
19 50.332 9383 13 462 20 136 31598 9 €68 4376 6 443 8 490 418% 1831237 67.529
20, 49153 9104 17.282 39 662 27 863 913¢ 4 306 6.185 8079 11897 151140 56 799
1 60.612 8647 15.302 59 072 33543 8767 417 5991 7 851 22886 107552 54 487
22 80 297 8319 16 562 89 747 27113 8.aba 4016 12.752 7 639 31.34 79 651 46 667
22 73897 8068 20822 79 247 23519 8297 3569 16.49 1427 23570 82 345 42235
24 62.403 7519 41 904 69 297 21298 8138 3528 11 704 7 263 21673 71,927 39.980
25 48 885 7358 36.084 54112 20567 7635 3502 98 396 6972 30251 113544 68 965
26 41222 €778 32.216 43 554 20 00 6.99% 3502 145.124 6.777 27 345 125.257 60 309
27 53574 7.447 33050 3880 18 422 6.465 3565 W0 6623 40 7147 92 787 50 060
28 58.477 7235 32477 33198 16 746 6 225 55158 64 130 B 504 41233 65012 a7 577
29 55 880 33778 28 746 15 520 7 584 7 206 51.891 6375 39428 50 631 65 470
30 48377 35,225 243580 14 936 7237 9932 a2 200 6 168 45122 43251 168 264
3 43.796 32 639 15 750 10.928 34 028 43.390 158 632
Aversge 61.420 14 520 21.280 30 400 24 500 11.780 5320 23820 12 920 14 800 85130 84 050
Lowes! 35 098 6778 6.128 12,725 14938 6.225 3502 5991 6 168 3.589 32 068 36 582
Highast 107.278 e 38g 44 351 89.747 41527 26 587 10928 145124 31438 45122 183237 1233718
Paok Mtow 119 882 41 206 49 784 92 690 54 085 32 386 11776 181.963 33 746 62339 220343 203421
Doy of pask 10° 1 4 22 17 10 kR 25 1 n 18 3
Maonthry total
[rilan ¢y m} 184.50 35.12 56 99 78.80 65 61 3054 14 28 83 92 3348 3964 22070 22510
Aunofl (mm) 184 b} 64 a8 73 34 16 72 3z a4 247 252
Rainfall {mm} 190 2 120 112 120 62 78 172 13 129 280 288
Statistics of monthly data for previous record (Jul 1959 to Dec 1985 —incomptete or missing months total 0.3 years)
Moan  Avg. 48 780 s 870 30380 21910 18 510 11510 B 136 11.940 17 040 35210 45 040 §3 640
ftows Low 7 086 11140 8.281 7 481 4227 2975 1818 1128 1072 3887 16 080 17 820
[yosr) 1963 +96% 1962 1974 1984 1984 1984 1976 1959 1972 1983 1963
Hyn 108 00C 81100 96.730 41 800 36 780 41.700 24 930 38 210 48680 102 000 78080 93 960
[your) 1874 1974 1981 198% 1979 1972 1968 1985 1974 1981 1977 1965
Runoti. Avg 140 106 91 64 S5 33 24 36 49 108 131 181
Low ral 30 25 22 13 9 5 3 3 12 a7 52
High ng 220 290 121 nme 12 75 118 141 206 226 282
Rainfall: Avg, 145 95 o B4 80 80 78 98 122 147 154 160
Low 28 12 25 10 29 17 25 18 1] 40 76 28
High 228 23 2 163 168 148 140 180 242 293 279 315
Summary statistics Factors affecting flow regime
1986
For 1886 For racord As % of ® Reservoir{s) in catchment.
praceding 1986 pro- 1986 ® Abstiraction for public water supples.
Moan flow (m’s™" 32620 28 210 118
Lowast yearly mean 18.860 1864
Highes yeosrly mean 38.230 1874
Lowast monthty maan & 330 Jul 1072 Sep 1959
Hiphes! monthdy meoan 85 130 Nov 106 000 Jan 1974
Lowas! daily mean 2502 25 Jul 0N 29 Aug 1976
Highas doity mean 183.237 19 Nov 275 100 27 Dec 1979
Peak 220 343 18 Nov 303 300 27 Doc 1979
10 %ia 80370 63 090 127
50 %i'e 18 400 18 98C 9/
95 %o 4 244 3037 140
Annual total [millon cu m} 1029 00 838030 e
Annusl runoff {mem) 1151 996 116
Annusl rginfall {rmm) 1547 1344 15,
[1941-70 raniall svoroge (mm) 1333

Station and catchment dascription

Velocity-area station. Straight reach {width: 35m), natural control. Flood flows spill over nght bank . Public water supply impounding reservoirs in
upland area whara thare is mostly hil farming 10 sq km Tregaron bog has parual effect on flows. sensibly natural regime. Geology - mainly
Ordovician end Silurion deposits, Doiry farming predominates in southern area Forest- 5% Peaty soils on hills. seasonally wet. Apart from
Tregaron bog. most of the lower areas have soils with permeable subsirato.




RIVER FLOW DATA

065001 Glaslyn at Beddgelert

Moasuring authonty: WELS

1986

Gnd roterenca: 23 (SH) 592 478 Catchment area (sq km}: 68.6

Fural yaor: 1961 Lave! stn. (m OD): 32.90 Max alt {m QD) 1085
Daily mean gauged discharges icubic metres per second)
DAY JAN FEB MAR APR MAY SN AR AUG SEP ocT NOV DEC
1 8597 3253 0.527 8 083 331 3 055 0592 10 263 6 483 0 668 12 584 3263
2 5 465 3293 0.462 6013 2632 2 598 0.623 11 934 § 058 0725 7910 3823
3 4 ‘62 2.853 24189 4 389 2 396 3381 0910 5 689 6.843 07N 12.331 20 350
4 9972 2 353 38 066 Ja17 2373 3 08% 2.267 4 149 3987 0667 5 798 21.130
5 7024 1996 10.902 2 892 27718 28N 1682 3457 2.8945 0603 16 809 18984
8 5 320 1706 4834 2528 227 2.279 1.232 7 655 2414 0 569 7518 7.197
7 4070 1.487 3.304 2318 2183 1.798 1070 9942 1.989 1.193 20 761 8013
8 3 460 1.303 2.883 2117 2 608 1.505 0995 9178 1847 1.445 14 158 29.006
9 16 673 1.124 3.992 1.900 10738 16 161 1429 3621 2188 15.109 25637 13.933
10 28.501 0995 35N 1 686 16 356 9875 2.664 2813 2,339 8.044 13.701 1.624
1 5.900 0.983 3129 V562 22 301 6 100 251 2 396 2304 3.392 12.1%0 13194
12 42 0 955 2824 1 580 19 940 4228 1893 2221 2180 2120 6471 9 096
13 3 265 0.927 2.340 1 949 7043 4 304 1788 2 700 1.840 1.629 7801 9.948
14 2811 o8N 269 J.888 6 365 3190 2534 27513 1291 1.730 15 307 6 802
15 3.595 0 80} 3107 5.422 5017 2172 1917 3114 0941 1 546 8963 15 223
18 3.125 Q74 3.437 3818 3836 1.861 1575 2406 079, 1333 15 852 7562
17 5777 0642 2 636 4917 6511 1871 1.338 1784 1052 1212 7 744 18 650
18 7901 Q.568 5 306 4.100 6063 1 685 1128 1419 1308 5811 36 296 18 328
18 23.754 0547 4234 23.255 4 110 1512 1646 1.255 1180 5.295 16 274 83N
20 18 586 Q.597 5039 19 625 4162 1.248 3105 1.151 0919 9.230 15 233 5582
21 15229 0579 7311 8422 9 801 1.058 1.852 1.151 070 7.884 11.228 4 563
22 28 582 Q.483 21 665 6121 5025 0 BBO 1494 1548 0 584 6.998 8 581 3766
2] 9 388 0494 12619 4 807 3 0.809 1.446 1.330 0.582 4 861 10 163 3437
24 5 957 0462 13 504 5100 10197 0 965 4 Q07 1088 0 601 11.025 18 456 12913
25 4274 0426 8808 4218 20 352 1.080 6114 20876 0563 16 973 45 909 17 460
28 4 337 Q551 14877 3 256 14 828 0967 3547 23977 0511 9.773 12974 6 083
27 9.782 0512 10.961 2675 6 635 0961 2 283 8082 0510 31.907 5.669 4111
28 8 166 0444 7718 8 145 4439 0887 24 585 4561 0557 30003 41930 4 748
29 6020 7033 4718 3329 oo 14 890 J 446 0559 11932 3776 33299
0 5413 8.268 a1y 3422 0 605 23121 51861 0.604 19 807 2930 52 839
N 4 3N 9.212 4 206 12 035 4062 15 648 14 224
Averoqe 9121 1139 7.346 5235 7064 2786 4139 5190 1.889 7 415 13530 13.020
Lowast 2811 0426 0462 1562 2183 0805 0592 1 OB8 0510 0569 2930 3.263
Highost 2B 562 3293 38.068 23 255 2230 16 161 24 58S 23977 6.843 31,907 45.909 52 839
Pook flow 75211 1887 52.251 62206 50 648 25.164 42611 36 612 §5.06%9 54 850 74.342 107 618
Doy of poak g 1 4 19 11 | 28 25 2 28 18 30
Maonthiy total
[rrulkon cu mp 2443 2.76 19 68 13.57 18 92 122 1108 1390 4 90 18.86 3508 34 86
Auncif (mmj) 356 40 287 198 278 105 162 203 7 290 5N 508
Ranis (mm) 359 20 37 194 324 118 28% 280 35 are 525 607
Statistics of monthly data for previous record (Dec 1961 to Dec 1985 —incomplete or missing montha total 1.8 years)
Maan  Avy. 7.686 5 629 5603 3 7S 33 3.287 Jazs 4 861 6215 7326 8 464 8815
flows: Low 1.535 1.369 1734 0.6814 0325 1.172 0495 0 305 330! 3528 3399 1783
{your} 1963 1966 1984 1974 1980 1984 1984 1976 1969 1978 1983 1963
High 13630 ‘3040 15 800 8228 6 780 7.429 7132 12 880 11 830 13.370 14 460 16 400
{ymor} 1983 1977 1981 1975 1979 1971 1978 1988 1974 1980 1980 1965
Runotl: Avg. 300 200 219 140 132 124 134 190 235 286 320 344
Low 60 48 g8 3t 13 44 19 12 125 138 128 70
High 532 480 809 KRR 265 281 278 502 447 522 546 640
Rantall: Avg 313 200 235 182 178 201 2 262 294 317 382 344
Low 28 41 89 20 33 78 66 16 62 136 130 74
High 563 475 538 a82 334 358 380 563 508 726 564 100
Summary statistics Factors affacting flow regime
1986
For 1986 For record As % of @ Regulation for HEP.
preceding 1986 prn- 1986 '
Maan flow im?s~ "} 5.540 5.70a 115
Lowes1 yoorly mesn 4 185 1968
Highos! yaacty moan 6942 1980
Lowns1 manthly mean 1.139 Fob 0 308 Aug 1876
Highesi rnonthly mean 13530 Nov 16 400 Dec 1965
Lowost doily mean G.426 25 Fab 0038 9wl 1973
Highest daily mean 52839 J0De 85 850 27 Oct 1980
Poak 107 618 30 Dec 130 200 16 Jl 1973
10 %o 16.380 12910 127
50 %ila 37190 3175 115
95 %ile 0578 Q529 109
Annusal 19181 {milkon cu m) 206 20 180 0O 15
Annual runott (mmj 3008 2624 115
Ancual rawnia® (mm) 3503 3089 13
[1941-70 «quntall sverage {mmj 3030

Station and catchment description

A 20m wide river section rated by current meter and, in the past, by duution gauging. Rating tends 10 be insensitive at low flows due to subile
movemants in the natural bad control downstream. High flow gauging restricted to peaks and troughs becauso of rapid water level changes.
Station bypassed at high flows. Lekes (Chnas and Gwynant) and REP discharge from the higher Liyn Liydaw marginally affect records. Catchment
drains the southarn flanks of Snowdonia with much bare rock exposure imparmeable Ordovician volcanics),




HYDROLOGICAL DATA: 1986

067015 Dee at Manley Hall 1986

Maasunng authonty: WELS Grd reference: 33 (SJ) 348 415 Carchment area {(sq kmj} 1019.3
First yoar. 1937 Level stn, {(m 0Dy 25 40 Max ah im OD} 884

Daily mean gauged discharges {cubic matres per second)

DAY JAN FEB MAR APR Mav Jus L AUG SEP oct NOV DEC
\ 51547 3g e 10 488 50047 21629 18 952 11 419 15 262 25 295 11159 47 981 35 846
2 56 545 36 582 10 431 44 052 20079 18 942 1t 048 15 505 22 452 10 335 36 714 33 257
3 50 682 34043 10 508 38016 ©8.936 18117 10 787 12 790 25 235 94578 31883 34042
4 44 155 32 383 45 640 33919 78 805 17639 1319 10815 22524 9140 26 985 59 368
5 43 729 29 984 82 335 3* 080 20 508 17 032 11042 10415 27423 9.216 25 042 10257
6 39 a8 27 207 48 791 26 647 17 622 15971 10947 10 354 21 740 9.418 25 664 66 241
7 36 548 25109 34 5i2 27 668 16 105 1361 10N 19 642 20379 9 664 26 387 62 151
8 33523 22 948 26 BB6 28 972 18 424 12 612 10914 18 799 18 325 9735 36896 10: 964
9 42 655 20154 23 863 26 "4 16 757 11964 10 713 15 666 15 019 10 046 48 040 97 0486
10 169 400 18 786 21479 23013 25 092 16 286 10 606 11 752 12213 10 060 69 252 88 594
B 06 077 18627 18.901 20976 3% 290 22576 10576 10 630 9 843 9 948 68 170 98 005
12 83 944 17 499 17 399 19 780 38 754 26729 10 342 10.589 9 299 9 848 58 683 105339
13 a7 808 16 315 16.031 18231 39 082 18 755 10 299 222 11 368 9837 71673 328390
14 77.275 15.293 14 565 19 369 31803 16 401 10 661 ‘1674 12 580 9 888 78965 104 449
'5 6%.727 14 764 12 472 30 591 24 3985 14 462 12038 10.402 15 948 10 254 68 197 121199
6 55.097 13074 11 205 44 898 22 088 15 (9% 12477 10312 12.849 9613 61941 94 579
17 48 454 12 020 10516 92 991 24 855 15 892 13 858 *0 140 10 860 9 681 58 499 93 748
18 63 686 12 107 10 788 8C 989 29929 14 652 13 591 9 808 10 547 9843 107194 87 084
19 122 450 12 091 12 230 69 590 311N 14 153 11 HBY 9 656 10 291 10 230 32 368 84 695
20 114 929 11 710 13928 87 159 29 741 13 698 11587 9 644 10225 1r217 122 008 72 895
2 122 010 10171 12 396 88 306 30 307 13 234 11178 9623 10 089 17 478 103136 64 536
22 123 405 10 329 13 185 73274 28 759 13 068 11 801 10 630 9an 19 959 4B 738 52 693
23 1M3on 9 302 29 850 56 065 22 307 13 467 12 641 11027 10 254 19 300 99 479 a5 393
24 89 094 9137 40 562 49 706 211587 14 795 12 694 10 147 1) 368 20 284 88 397 41015
25 68 025 1010 40 802 44 541 27180 11 a64d 12 960 62429 10372 45919 03577 45 6938
26 56.598 B 575 45 304 37 507 33 882 10 755 12 482 114 244 10 126 41 667 102 279 42 B25
27 59 530 9400 62 687 31094 33 798 17932 117943 B3 "M 1009 37 351 a8 459 39 187
28 51862 11.007 54 790 28129 28 471 1 851 12 950 73621 9513 a0 083 70 858 36 662
29 47 915 53 548 25 748 21232 1637 12814 49 249 9 334 a3 161 51 703 42017
30 48 982 48 641 23 759 18 254 11 590 12 033 41 363 10 454 41 901 40038 119 903
3’ 44 658 52 238 ‘9 358 14 476 29778 34.256 130 602
Avnragn 71.220 18.120 28610 42 440 25 220 15310 1770 23 560 13 960 18 260 &8 380 74 010
Lowost 33523 8.575 10 431 18 23* 16.109 1G 155 10 299 9623 9299 9140 25 042 33257
Highast 159 400 g 18! 62 587 92 99 39 082 7?6 729 14476 414 244 26 295 45919 133369 132890
Panx "ow 208 273 43 176 74 270 118 *77 43176 31498 16 276 141 030 26 681 54 870 178 326 174 904
Day of puak 10 1 27 17 12 12 n 25 \ 25 ] 13
Morth'y 10tal
{mlion cu mi 190 8O 43 B4 7663 110 00 67 54 3969 37 51 6310 3619 48 U1 177 20 198 20
Aunoft (mm} 187 43 5 108 G6 39 3 62 s 48 174 194
Rmnfp’l {(Ten) 217 14 135 120 129 53 78 163 13 129 227 277

Statistics of monthly data for previous racord (Oct 1937 to Dec 1985}

Maarn  Avg 51 530 45 200 32620 23920 17 640 "3 780 13050 17 300 23 740 33 360 a7 179 %2 260
flows  Low 13 460 7 858 8 129 7 841 4274 3 740 3.113 3288 3052 an7? 11 580 18 610
[ymar) 1964 ‘8963 1943 1938 *938 1961 1949 1955 1949 1947 1937 1963
Hgh 109 300 '06 700 103 700 61 03C 41950 31240 40270 59 400 69 470 92 470 103 0600 105 200
[yoar) 1948 1946 1947 1970 1969 1972 1957 1957 1950 1967 1960 1965
Runof! Avg 135 108 86 6° 46 35 34 a5 60 88 120 137
Low 5 19 21 20 1" 10 B8 9 :] 1 29 49
High 287 253 2713 15% 110 79 106 156 177 243 262 277
Ranfall Avg 154 106 21 79 82 83 75 101 131 132 173 1564
(1969- Low 60 37 54 10 39 16 27 9 45 41 66 46
1985} Hign 287 236 233 182 151 150 144 184 306 221 249 314
Summary statistics Factors affecting flow regime
1986
For 1986 Fo- racord As % o' ® Reservoir(s) in catchment
precedirg 1986 pre- 1986 & Abstraction for publhe water supphes
Maan flow [mls=) 34 360 30 900 11 ® Flow reduced by industrial and/or
Lowost yoarly maar 20 480 1964 agricullural abstractons.
Hghast yaarty mean 44 500 1954 ® Augmaeniation from surface water and/or
Lowas!t monthly moan 11770 Jul 3052 Sep 1949 groundwater.
Hihast monthy Maon 7400 e 108 300 Jan 1848
Lowos: daily maan 8575 26 Fab 1926 30 vl 1949
Highes dally maan 158 400 10 Jan 521 000 14 Duc 1964
Paook 208 2713 10 Jan 665 400 14 Du 1964
10 %ilo B4 010 70 500 19
50 %ilo 2" 370 19 450 Q0
95 %ile 9 724 4933 197
Annual tozal imillion ¢, M) t084 00 975 10 AR
Annual cunolf {mm) 083 957 1
Annugl rainfall {mmj 1655 1391 12
[841-70 raintak avorege mm) 1403)

Station and catchment description

Asymmaetncal compound Crump weir, checkad by currant mater Drowns at flows in excass of 200 cumecs Low flows maintained by releases
from major river regulating reservoirs (Celyn and Brerug). Dats pnor 1o February 197015 of poorer quality - based on the d/s Ertistock (67002,
erag” 1040.0 sq k) flow record Guoloygy 15 75% shales, slates, mudstones and palagozoic gnts, 25% aextrusive igneous and Carboniferous
rocks. B0% yrazed open moorland. 12% forestry, remainder arabla. urban neghgible




RIVER FLOW DATA

068001 Weaver at Ashbrook

Measuring suthonty: NWWA
First yooar: 1937

1986

Catchment area (sq km). 622.0
Max al1. {m OD) 222

Grud eoferance: 33 [SJ) 670 633
Leval stn. [m OD) 16 30

Daily mean gauged discharges {cubic matres per sacond)

DAY JAN FEB MAR APR MAY AN JUL AUG SLP ocTy NOV o 194
1 57112 12100 230 10 270 4 382 2.385 1590 2 2471 1.414 7647 4.738
2 11.680 9253 2160 8.394 4 084 2299 1871 2.042 2243 1.453 4792 3870
3 8.683 7.368 2 287 8.054 390 3.265 1 649 1853 2592 1444 3208 3.964
4 6.196 & 351 6120 5612 17236 2.8 1769 2012 2.344 1410 2788 5277
5 9.109 5476 %874 6.094 3 590 2515 1 664 2.2Q7 2067 1.399 2551 5 854
8 9413 a1 4257 6032 3420 2 387 1.648 2.03 1943 1407 2313 4688
7 6.493 a 263 3.650 4 480 4830 2.322 1601 2110 1.861 1498 2359 4546
8 €910 4 044 3377 $.230 4679 2 281 1.863 20714 1,796 1.488 5 850 17 BBO
9 12.250 3818 J.436 5 580 4019 2.468 1 805 1919 1788 1,724 4512 19.550
10 29 450 3 645 3585 4383 3 880 5241 1 596 1.756 1737 1850 3827 12 000
11 21110 3405 3378 3 757 35672 3.652 1563 1.768 1780 1637 3097 13070
12 13 040 3.3 3113 2.650 1542 2 697 1.722 1793 1740 1 444 2 666 12.310
13 12520 3.1 2.993 4 856 3178 2432 164% 1 860 1648 1.503 33831 21.700
14 9 8ag 3084 2843 B.829 2.874 2313 1628 1.747 1610 1526 4 887 14 360
15 8073 3003 2.750 26.170 3oss 2.265 1700 1726 1627 1.475 5810 19.890
16 6409 291 3287 32070 2627 2200 1 666 1.638 1593 1373 4072 17910
17 S 867 2.863 3.591 42.250 2858 2108 1572 1573 1 606 1.387 3483 11 640
18 12 380 2,175 3826 24 540 2.753 1997 1444 1567 1586 1576 11 300 18 740
19 19.610 2.725 5074 14 660 2481 1914 1428 1.583 1535 1.841 16 810 26 5680
20 15 060 2679 4072 18 260 3936 1845 1736 1547 1513 4317 10 960 27310
1 16.760 2.581 3334 14.710 3782 17152 1602 14566 1.503 3.106 15 890 19 400
22 14.720 2534 31566 14620 3024 1.809 1567 1623 1576 2318 11,220 13 580
21 15.300 2 354 5182 14.700 2 492 3Nz 3057 1,764 1567 2 13 210 9.247
24 10330 2.491 14 640 20 490 2334 4 459 2604 1.808 1.568 2824 9 640 7.880
25 7.478 2.481 12,560 15 050 221 2642 3523 5378 1.503 3.534 12,930 14 500
28 5716 2.183 9 346 9315 2166 2140 2297 14 220 1528 219 20 830 12 060
27 6.909 2.264 8214 6897 2104 1912 1 894 6.946 1510 2975 10 8§70 10 220
28 8.468 2458 6137 6 369 2222 1814 1.927 6 269 14G2 2703 6933 8 451
28 14.470 S 655 5420 2152 1678 2 184 3851 1525 2262 5611 12620
30 24 920 5484 4.987 2120 1612 2546 4 005 1.729 2179 5083 41 450
N 18.480 9239 2483 2 288 2.944 2498 27970
Avarage 12.040 3940 5013 11.760 3181 2478 1 859 2816 1.765 2013 7.274 14300
Lowest 5.712 2 153 2160 3.650 2104 1612 1428 1 466 1462 1372 2313 3964
Highest 29 450 12 100 14 640 42250 4 830 5 241 3523 14 220 2992 437 20 830 41 450
Paak flow 32.380 14 110 16 220 46.790 7 165 7 743 4616 16 550 3375 511 24 200 43.660
Day of puak 10 1 24 16 7 23 25 26 3 20 26 0
Monthty total
[rrulbgn ¢u M) 32.28% 953 13.43 3048 852 6.4a2 498 7.54 457 5.39 18 85 38 30
Aunolf (mm) 52 15 22 49 14 10 8 12 7 ] 30 62
Raniad (mm) 84 2 62 86 55 48 64 92 8 70 17 113
Statistica of monthly data for previous record (Oct 1937 to Dec 1985—incomplete or missing months total 1.8 years)
Moon  Avq. 10 340 9345 6 599 4720 3856 2713 2782 2 995 3340 4 439 7753 9.269
flows. Low 1 965 2376 2 183 1480 0903 1125 0.726 0.641 0919 1.184 1303 2.429
{year} 15964 1985 1938 1938 1948 1962 1976 1976 1964 1947 1942 1947
High 21.950 19.860 18 580 10 360 22720 €.995 12 750 8 404 16 980 15970 22 540 22.250
{year} 19339 1980 1947 1883 1969 1954 1968 1971 1957 1954 1954 1965
Runoft: Avg. 45 37 28 20 17 12 12 13 14 19 32 40
Low 8 9 9 L] 4 5 3 3 4 5 5 10
High 95 a0 80 43 98 28 85 i) n 69 94 96
Roinfall Avg. 68 5* 50 48 60 58 &8 7 68 68 17 69
Low 18 8 18 2 18 13 16 3] S 15 13 10
High 14% 145 127 98 194 142 168 178 189 137 170 140
Summary statistics Factors affecting flow regime
19856
For 1986 For racord As % of ® Flow influenced by groundwater abstracuon
pracecing 1986 pre- 1986 and/or recharge.
Maan ftow {m’s~") s 5676 101 ® Abstraction for public water supphas.
Loweost vos'ty moon 27152 1964 & Augmentation from effluent returns.
Highesi yoorly mana 9209 1954
Lowest monthly maan 1.765% Sap 0641 Aug 1976
Highes! monthly rngan 14 300 Dec 22,720 May 1989
Lowes! daily rmean 1373 6 Oar 0394 17 Aug 1976
Highes! daily mean 42 250 17 Apr B4.950 9 Fab 1946
Posd | 48.790 16 Apr 212 400 8 Fab 1946
10 %io 14.440 12 280 17
50 %ile a4 J3 236 96
95 Wilo 1.500 1,122 134
Annual 1018l (Mill:on cu m} 180.30 17910 101
Annual runofl {mm) 290 288 0
Annuol reininl {mm) 751 756 99
[1941-70 ranfall average (mm) 54|

Stotion and catchment description

Natural river section. Accurocy of early rating curves not known and gaugings lost However, calibration came undar suspicion in 1972 and
previous racords, particularly low flows, deomed to be of htle value. Low flow raung then changed several imas before station moved 400m
downstream and shallow vea bod control constructed in August 1978, High flow rating {above 40 cumecs) has yel to ba defined. Flat catchment
includes westarn half of Crewae. Post glocial deposits over ?mostly) Kauper Mari.
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HYDROLOGICAL DATA: 1986

071001 Ribble at Samlesbury 1986

Moasunng suthonty: NWWA Gnd roterence 34 {SD) 589 304 Catchment area {sq km) 11450
Fugt yoar: 1960 Lavel stn. (m 0D} 6.00 Max ai. tm QD) 680
Daily mean gauged discharges {cubic retres per second]
DAY JAN FEB MAR APA MaY JUN JuL AUG SEP oCT NOV DEC
1 145 500 29.830 6 959 59 840 13670 9 766 4326 15 580 33.180 5774 133600 28 090
2 78.940 26 200 5 780 34020 10420 9 491 4 188 17 590 40.950 5.275 46.130 24 940
k 45 830 23.080 3925 24 480 10 300 11170 4.082 14.290 82.800 5 020 46 380 166 400
4 24.350 19.69¢ 147.100 18 600 16 680 9 843 5061 11670 25.740 5,159 32190 186 000
5 19.580 18.440 145.600 16970 12190 8127 6652 16.390 16 560 7012 65370 106 200
8 17.280 14 230 35.270 14 810 12 220 6 688 4 824 19 680 13.570 5.997 39 560 56 250
7 15150 12 810 22.710 13.100 81.540 6128 4 454 46 600 11.410 14 800 29 680 37 320
8 13.270 11.910 17.150 15 240 54 140 6079 4 154 23670 9 680 13 860 36400 110900
9 14 870 11 300 18.350 135610 26 860 7361 3983 13 840 8677 B.515 47.790 72 040
10 202 500 10.250 19 980 12 240 25 800 99.88C 4 050 10 150 8 008 15 340 12120 47 190
1 66.500 8597 15 640 9 588 34 000 84 070 7 701 8 782 7 259 10 850 53 420 96 020
12 89 890 9076 12 850 9021 36 050 53 380 8.705 8.231 6933 7543 34 560 59 810
13 159,100 8.802 10 740 10190 20870 32720 7.398 8418 6736 6751 39090 129100
14 69 350 8.003 91N 14 690 16 79¢ 14 890 7291 9081 6513 8910 52 530 53470
15 48 380 1427 10 130 141 900 23110 8 939 7419 9 529 5319 1,720 43 080 127 200
18 27.550 6 765 14160 86 360 15 200 7534 7017 9 259 6102 8 464 37.720 103 600
17 52 830 6 556 16 440 98 670 20 250 6 306 6 898 9476 5931 7 069 40 330 177 80C
8 134700 6527 11.960 41 640 22 880 6425 6 661 8 907 5 887 8 192 133 200 178 300
19 214,900 6.315 15.810 26 700 14 130 6 096 6 663 7841 5 115 -40.120 117 700 118 000
20 147.500 5.601 15920 105 80O 42 460 5.806 7.339 7 025 5 830 66 150 67 280 94 890
ral 191.500 5148 13510 54 150 60 400 55621 1220 6 809 5772 181 900 65 450 50 650
22 158 400 5682 BG 460 51 B6O 27 980 5243 7.738 B8.086 €313 100G 300 €4 180 34 680
23 129.100 5.206 105 300 28.990 17 210 5 262 8677 7109 6.154 84150 150 800 27 270
24 78.230 5091 63 880 29 920 4 200 172.950 911 58879 S 72 48920 149 900 28 540
25 64 B840 5241 67.750 24 650 84 530 18 110 13100 57010 5520 208500 183200 153200
28 58.480 5 A08 54330 18.730 43 700 14 540 9218 178 900 5652 67.700 123 300 48 620
27 58.260 8619 80 580 14,760 21130 11 000 8 297 41470 5667 152 300 57 860 48 080
28 58.910 9020 41 760 14 030 15 650 7853 8 7149 26 620 5481 138 400 37710 67 730
28 62820 78.210 15420 12470 5 167 23 880 20 500 5.791 66.000 28380 153 B0O
30 70020 42.230 11990 10530 4 000 18 730 15920 5826 96 040 23300 268 200
n 40.980 57 090 10 €80 20870 12.060 69430 130 700
Averaga 82 520 10 680 40 400 33730 26 7110 16 530 8207 21200 12 390 47 620 68.760 98 100
Lowas! 13.270 5091 3.935 3021 10 300 4 000 3.4981 6679 5 481 5 020 23.300 24 940
Highast 214.300 29.830 147100 141 900 84 580 99 B8O 23880 178.800 82,800 208.500 193200 268 200
Posk flow 339.700 36.240 311900 302000 155300 145700 31510 336600 149000 33B.700 302900 477500
Doy of poak 10 1 22 1% b33 10 29 26 3 25 25 3
Monthty total
{mailidn £u my) 221.00 2583 108 20 87 43 7155 42 8% 2198 56.78 zn 127 80 178 20 262.70
Runott (mm) 193 23 94 76 62 37 19 50 28 11 156 229
Rawntall {rmm) 187 9 148 93 124 61 10 126 28 208 179 284

Statistics of monthly data for pravious record (May 1960 to Dec 1985)

Moan  Avg. 50 48O 37.09%0 33 560 26 200 18 650 14 020 15 620 24 070 31.030 41170 53 070 65 450

flows: Low 10610 9 565 11790 5.601 4048 5021 2638 2958 5782 5716 20770 15 190
{yoar) 1963 1965 ‘975 1974 1980 1975 1984 1976 1972 1972 1983 1911
H.gh B0 040 BO.850 04 700 54 820 a6 asl) 331820 40220 68 920 65820 118400 88610 120200
Iyoar) 1983 1966 1981 1970 1967 ‘966 ‘960 1967 1968 1967 1963 196%
Runof!. Avy 118 79 79 59 44 32 ar 56 70 96 120 120
Low 25 2¢ 28 13 9 1" 6 7 13 13 a7 36
Hign 187 m 245 124 109 16 94 161 149 277 201 281
Ranfall Avg 133 84 103 a1 84 90 88 17 140 1356 145 146
{1961- Low 18 17 43 3 16 27 21 20 a8 50 53 43
19851 High 224 189 280 mm 178 166 158 205 277 304 224 384
Summary statistica Factors affecting flow regime
1986
For 1986 Fot recorad As % of ® Raservoir{s) in caotchmen
preceding 1986 pra-1986 & Augmentauon from effluent returns
Mean flow {m?s~") 39 200 33.360 118
Lowast yeorty maan 22 040 1971
Highaat yoarty moan 45020 1967
Lowaost monthly moon 8.207 Jul 2.638 Jul 1984
Highast monthty masn 98.100 Dec 120 200 Cec 1965
Lowast dody meon 393% 3 Mar 1876 22 Jui 1984
Highast dody moan 268.200 30 Dec 675 D00 27 Oct 1880
Poak 477.500 Jd Dec 891 200 12 Deoc 1964
10 %o 109.200 81470 124
50 %ide 16.530 16 410 101
95 %ide 6.22% 4 406 119
Annual 1otal {milbon cu m) 1236 00 1053 00 117
Annupl ryngft (mm) 1080 (131} 117
Annyal roinfald (mm) 1523 13486 113
[1941-70 ro ntall average (mm) 1328)

Station and catchment dascription

Naturp! saction with gravel shoal control aftectod by accretion of silt and waads in summar. Just u/s of udol hmit To overcome poor low flow
calibration, large compound Flat V wair built {1970) 1 kmu/s Intermittent racord from weir due 10 axtrema vandahsm - hinally closing in 1982,
Woll ratod at main site for high flows. Geology - Carbomiferous Limestone and Millstone Grit; Boulder Clay ovar Coal Measures and Milistone Grit
{Pannings). Lowar Ribblg adds little industry or population, baing mostly agricultural.




RIVER FLOW DATA

073010 Leven at Newby Bridge

Moasuring authony: NWWA
Firat yoar: 1939

1986

Catchment area {sq km): 247.0
Max ali {m OD}- 873

Gnd reference: 34 (SO} 367 863
Level stn. (m OD): 37 .30

Daily mean gauged discharges (cubic metres per second]

DAY JAN FEB MAR APR MAY AN AL AUG SEP ocy NOV DEC
1 15.330 12.220 1479 21.140 15 550 13 360 1906 16.220 5 909 1 463 47 530 25 880
2 15 870 10 540 1042 18 440 15.000 11280 1.624 17 630 6133 \ 462 a0 250 22.320
3 14.340 8.956 1039 16 050 14 160 9.804 1266 18.420 8 12 V475 38 820 28.200
4 13.080 8 080 7.164 13 810 13.720 8258 1.334 16 190 8175 1376 34770 44 500
5 11 B850 7019 17.640 12.050 13 420 7234 1243 14.140 7.419 1132 33720 56.370
] 10.470 8.640 17.990 10 400 13190 6.062 1108 15 030 6 162 1.079 31.720 50 730
? 9.218 5944 15 640 9 406 14 580 4916 0959 24 440 59561 2019 30 390 42 920
8 B.144 5.157 13210 8 181 15 280 4.044 1003 25 370 5421 2.323 29810 43.520
9 7.650 4 654 13 840 7 603 15.230 9156 1264 22 350 4473 4 535 33310 41 460
10 22.530 4231 13 260 5656 18 110 17.430 1.221 18.860 3887 B 762 41 930 37.860
" 29.190 3894 12130 4372 2% 050 20180 1091 15.510 3670 B 251 38 840 41.280
12 20.240 3720 10610 4058 24 220 18 210 1027 12 940 3104 6 806 33.050 40 890
13 34800 3573 9 145 4247 24 650 18 180 0920 12 800 2714 5 492 29 320 41.810
14 39 810 3145 8.025 521N 22700 18 030 0 844 12 600 2475 4 285 28.290 37 580
15 36.580 2759 7529 5825 20.070 16 050 0843 12 580 2 243 3368 26.270 39 760
16 30 260 2,981 7.708 6 895 172,530 13 600 0 764 12 8B40 1900 267 26 620 39270
17 24 030 2832 7623 5 581 15.680 11 410 0.774 12 330 1 844 20388 27.080 39 180
18 25410 1975 7571 5865 17 470 10010 0 740 11.060 1552 2a17 28940 42 420
19 35520 1903 7 200 6 009 17 460 8953 0.727 9 583 1272 4091 32.140 40 870
20 39530 1.80t 8593 9 341 16.030 7 600 0.729 8310 1093 6718 30 600 37 250
21 431870 1764 10310 11620 18 680 6.289 0725 7479 1,153 11 440 27 000 32510
22 48.720 1815 27 a80 10 950 19170 5.185 0.720 6667 1176 16 470 25 350 27 450
2] 50 010 1.740 49 850 10 180 17390 4.492 0747 5716 1,278 19 330 33.250 20 860
24 42.500 1 650 46.610 3 786 16 420 3.962 0757 4976 129 20 400 43.920 18930
25 35.090 1.74% 40 510 9188 23630 3.953 0932 6122 1152 35 730 61 200 26 470
28 29.240 1701 36.260 8 348 30480 3 762 0975 8516 1084 35 830 63.880 25 920
27 24.980 1.654 36 090 7.399 29.780 3476 Q957 8.907 0994 44 970 56 780 23.990
28 21.800 1.600 34 200 7593 24 470 3 006 3.169 8.772 1619 52 440 47 670 23.920
29 16 530 32.700 1427 20 850 2.646 1 866 N oks:] 1.763 48.430 39.590 26 360
30 14 940 27.720 12160 17 500 2080 10.830 7219 1623 54 570 31.39%0 315470
31 13 460 24 460 15.440 16.200 6084 51340 47 560
Avorage 25 540 4.160 17 880 9208 18 680 9087 210% 12510 3 249 14 930 36 450 25.650
Lownsi T 650 1 600 1039 4058 12190 2080 0720 4976 0994 1.079 25.330 18 930
Hihast 50.010 12720 49 850 21140 30.490 20 180 16.200 25 370 8212 54 §70 63880 56 370
Pnak fow 52 090 14210 51.540 22 850 31990 20.9%0 16 950 26.560 107220 56.780 66 160 67 450
Day of poox 22 1 23 1 26 1n 3 7 1 30 25 5
Man-hly roral
{rulion cu ) 68 41 10 06 47 90 2387 50 02 2155 5 64 3350 841 3998 94 48 9552
Runoft {mm) 277 41 194 97 203 9% 23 136 34 162 383 aa?
Raintall {mm]| 2715 7 276 126 228 107 132 162 32 339 364 450
Statistica of monthty dota for previous record (Jan 1939 to Dec 1985)
Mean  Avpg 19 560 16 580 13010 11140 7575 6 442 7406 10 550 14 570 17 330 20 280 21.0%0
flows: Low 1935 0974 3699 1796 0.641 0 545 0775 0652 0 560 1438 6.873 8208
{yoar) 1962 1963 1862 1974 1980 1978 1941 1984 1959 1972 1983 1963
Hegh 38 020 31.030 29 970 21 640 16 940 18.730 16 990 31070 33930 50 170 36 350 40 110
{year) 1975 1945 1981 1949 1964 1972 1953 1985 1946 1967 1954 1854
Runoff: Avg. 212 164 141 117 82 68 BO 114 154 1688 213 229
Low 21 10 40 19 7 6 8 7 6 16 72 89
High 412 304 325 227 184 197 184 237 356 544 ki:B| 435
Ramitall: Avg 228 149 154 119 117 126 147 184 222 219 236 234
Low 26 20 32 12 22 17 40 ? 238 30 17 [0
Migh 433 295 3 242 241 269 287 428 az7 557 428 41
Summary statistics Factors affecting flow regime
1986
For 1986 Fot record As % of # Reservoir(s) in catchment
preceding 1988 pro- 1986 & Absuaction for public water supplies.
Moan flow (m7s™ "] 15 900 13 790 115 ® Augmentation from effluent returns
Lowaest yaarly mean 9234 1973
Hijhast yoarly mean 21840 1954
Lowagsl ronth'y maon 2105 Jul 0545 Jun 1978
Highast morthly mean 36 450 Nov 50 ‘70 QOct 1967
Lowost doily mann 0720 22 il 0108 7 Oc: 1972
Highost dory mann 53 B80 26 Nov 115 900 2 Dac 19548
Posk 66 160 25 Nov 135 800 2 Doc 1954
10 %ilo 39 240 30 460 129
50 %ilo 11 300 10 120 112
9% %o 100 1.215 85
Annunt 1010 {mullion tu m) 501 40 435 20 15
Annusl runoft {mm) 2030 1762 115
Annusl tainipll {mm) 2498 2135 nz
1194 1-20 ranfall svotage (rren) 2189)

Station and catchment description

Lavol racord since 1939 from four different sies at Newby Bridga. All flow records from 1939 to 1974 combined into a single sequance. Since
5/5/71 compound Crump weir - increased sensitivily at low flows. Full range. Just dfs of Lake Windermere - highly regulatad, compensation
flow, Mojor abstractions for PWS, sewage effluent from Ambleside. Predominantly impervious. Borrowdale Volcanics i north and Silurian
slotos in south. Boulder Clay glong river valloys. Mainly grassland, very woodad in lower reaches.
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HYDROLOGICAL DATA: 1986

076007 Eden at Sheepmount 1986

Moasuring authority: NWWA Gnd rotarence. 35 (NY) 330 571 Catchmant area {sq km); 2286 5
First yoor. 1967 Laval stn. (m CD): 7.00 Max alt. {m QD}: 950

Doily mean gaugad discharges |cubic maetres per second}
DAY JAN FEB MAR APR MAY AN Ju AUG SEP ocT NOV oEC

1 68 370 59.13C 15 430 56.760 3g170 318 630 12 950 29 860 33270 11750 192.800 57 760
2 68.800 50 200 15 020 51110 0 190 34 050 12 670 21080 38 060 11 500 93 430 90 690
3 57 490 49.020 15130 46 360 27 200 30910 12510 26960 112000 11280 102700 175600
4 44 560 44.380 112.600 42 260 25 580 21670 12 440 23 040 45 910 11.1720 71910 222000
5 40 980 39090 152 400 39140 26010 24 810 12 370 20 730 32 740 11.350 85 130 354 5C0
] 36 230 35.220 62.200 35 060 29.840 22 6§90 12.220 34 520 29 010 11 200 63.240 142 300
7 32.280 32510 45 980 32 340 137200 21240 12140 77 340 25610 12.580 78 730 121400
8 30 560 30.730 40 320 33 250 73.330 20.160 12.240 50 760 21 860 13350 M9000 255800
9 35 B4C 29.030 39.540 31.360 50 00O 24 7110 11.820 35120 19 730 13620 124900 164 200
10 228.700 27.000 39610 3420 52330 128100 11.710 27050 18.430 19.210 140100 107 600
1 109100 23 950 37.120 26.750 55 19Q 70 000 110 22 660 17.290 16340 117200 173600
12 93.140 23.130 33670 27 330 63 220 44180 11 040 20 450 16520 13.690 84 440 136 BOO
13 164 000 22210 30 110 29.460 83970 37.740 11020 20980 15900 12 670 94 WJ0 221800
14 130 900 21340 27 230 33.730 50.000 35 840 10970 24 200 15 390 12,220 109800 116300
15 84 180 21.100 34.030 147 800 49 340 29.6%0 11 000 35210 14 830 11 80O 97 750 208 000
8 61 740 20 440 35.600 99 000 42 890 25 440 10.840 34 660 14 310 11 540 84 590 144 600
17 53 760 19 970 33810 59 950 37050 24.200 10470 26 980 13.850 11270 80 670 157 900
18 B0 610 19 560 28.940 46 2.0 50 440 26 040 10.270 23 330 13570 129720 16800 152 500
18 245 100 19 200 30.500 39150 43 490 22 210 10 400 33020 13.270 22420 141200 125000
20 221600 18410 41.830 95 820 42 88C 19 690 10530 30 080 13 000 29 680 80 040 96 540
21 240.700 18.250 44 030 61 840 89 130 18 230 10 130 24 030 12.950 57.470 64 550 76 940
22 306 100 17.460 139 400 45.180 65 290 17.330 10.150 26 840 12.830 53450 103 000 64 310
23 166 200 17 860 182.300 37.910 48 090 17120 11,240 25160 12670 48170 212 500 55 030
24 98 540 16.760 92 410 37.210 47 500 17.820 11050 20370 12.39¢ 47 010 180 500 62 680
25 T1 870 16.960 87.000 40 260 151 300 175720 10 920 19 030 12110 194500 361800 128000
28 59 720 15 890 17.990 35 780 106 500 18 100 D600 206 500 11.910 80 39¢ 202 500 687 620
27 58 640 15290 101.30D 30 880 68 210 15.0%0 10 450 87 040 11870 83570 129500 65 710
28 53 500 18 080 88.320 28 010 64 880 14.460 21.620 53 300 11870 125800 94 540 67 690
29 52120 99.350 27 610 57.210 13.820 41 510 37 280 11 760 86 650 15860 135.000
0 66 310 1190 36 780 44 730 13 230 29 370 30050 11870 175500 638B0 247 500
kR 68 18C 62.080 41730 47 140 26 180 112.200 221 500
Avarnpe 101.000 26.440 61820 46 260 57190 28 980 14 360 38 190 21560 43 680 119300 143100
Lowaost 30.560 15.290 15020 26 750 25 580 13.230 10130 19 030 11760 Y1170 63 240 55 030
Highost 306 100 58130 182300 147900 151300 129100 47 140 206 500 112.000 194.500 361800 354 500
Papk flow 422 700 66840 339.400 282400 227900 222 B0C 60290 306400 166700 279900 443200 449900
Day of posk 22 1 23 158 25 10 k3l 26 3 25 25 5
Monthty total
{malion cu M} 210 40 83.96 165 60 119.90 153 20 75.15 38.46 102 30 55 88 117 00 309 10 383 30
Runott imm) 118 28 72 52 67 33 17 45 24 51 13% 168
Raintall {mmy) 150 13 109 76 132 58 n 129 25 160 173 235

Statistics of monthly data for previous record {Oct 1967 to Dec 1985 —incomplets or missing months totsl 3.0 years)

Mopn  Avg. 84 780 59 710 §3 600 38 700 28 150 22 630 20 880 24 §90 39810 64 400 74 850 73730

flows. Low 39.880 29.200 24 360 13070 11 050 10420 8.375 7026 9218 7 965 30420 32 480
{yonn} 1985 1985 1975 1974 1974 1973 1984 1976 1972 1972 1973 9
High 154 200 100 000 119.700 63.960 68 940 S0 380 39 380 92 3490 105500 225 000 126 400 139 200
{voar} 1975 1074 1968 970 1983 1972 1985 1985 1985 1967 1984 1974

Runo’t. Avg. 99 54 63 a5 n 26 24 29 45 75 85 86
Low az? n 29 15 13 12 10 8 10 9 kL ki
High 177 106 140 73 a1 57 46 108 120 264 143 163

Rainfall. Avg 130 €9 94 6% 7 15 82 89 122 125 130 120
Low 63 17 a3 8 25 37 38 19 26 n 54 43
Hgh 232 129 179 A 123 126 142 211 23 307 208 n

Summary statistics Factors atfecting flow regime

1986
For 1986 For recora As % of ® Reservoir(s) in catchment.
preced.ng 1986 pre-1986 & Abstraction for publhc water supplies

Maon fiow im’s ") 58.790 48 980 120

Lowas! ygarly maan 28.180 1972

Highest yoorly mean 60 790 1982

Lowast monitly mesn 14 360 Jul 7026 Aug 1976

H-ghast moaihly maan 143 100 Oac 225 00Q Oct 1967

Lowast dody mosn 10.130 21 Jul 5 468 7 Sep 1976

Highast dady maan 361800 25 Nov 772 900 23 Mar 1968

Poak 449 900 5 Dec 1357 000 24 Myr 1968

10 %o 137 300 103 100 123

50 %o 36 460 30 590 19

95 %o 11.270 9523 118

Annuol tot1al imulben cu m) 1854 00 1543 00 120

Annuol runolt [mmj} 811 675 120

Anrusl romish (mm) 1330 1172 113

[1941.70 rainfall average (mm) 1240|

Station and catchmeant dascription

Volocity-ares siation. Permanant cableway. Full range. Mosi lloods containad in immediate chonnel. Pre- 1970 (when floodbanks constructed)
bypossed vis Caldew lloodplain. Highly influancad by Ullswatur. Haweswater and Wat Sleddale especially at low tlows. Rural except for Carhsle,
Ponnith and Appleby. Headwaters in érbomfarous Limestone of Pennings 10 E. impervious Lower Palaeozoics of Lake Dhstrict massif 1o W
moorland. Extansive Bouldor Clay covered Permo-Trnassic sandstones in Vale of Eden. Arable and grazing.




RIVER FLOW DATA

079006 Nith at Drumlanrig

Grid roference: 25 {NX) 858 994
Level stn. {m OD} §2.20

Maoosuning outhority: SRPB
Firgt yoor: 1967

Daily maan gauged discharges [cubic metres per sacond)

DAY JAN FEB MAR APR MayY JON A
1 19.997 11 205 2.155 10105 12 464 14 227 2.137
2 16.318 9.067 2370 12 359 9041 11 286 1983
3 10.126 8 165 3484 11009 11 461 10 849 19724
4 B.265 1.134 91.208 8511 12 981 8 639 1959
5 7.919 6.278 31037 7.426 35403 1028 1.938
6 8534 5596 12 116 5.500 16573 6 188 1808
? 6.419 5 240 9 660 5 762 78 034 5 589 1.866
8 5.704 5.230 20.156 5223 28983 6091 1815
] 48 7715 4.788 29 320 4.776 22 866 31 759 1.836
10 95 880 4.45) 15 462 419 48 211 52.246 1799
1" 45572 3.856 1 Im 4.041 27 901 17 298 1 666
12 61.125 4.245 9238 3996 44 462 21042 1.547
13 89.902 4.152 7 645 3978 32064 14 454 1487
14 101.964 3.896 9 585 5.190 19 821 9 753 1530
15 41513 3 11213 539 14 281 7.40% 1.625
‘6 21.354 3457 26472 65.640 10 935 6123 1686
17 22104 3.259 12.533 6113 38377 7.240 1.654
18 45.030 3Q77 18 78S 5 409 31263 6 BBT 1546
19 56 047 290 16.376 11527 14 717 5423 1657
20 668.052 2210 89 D06 24 000 12 339 4 543 1820
0 Ja.718 2.586 47 748 9.246 &0 997 4 066 1672
22 768.758 2.392 104.0%9 6 942 20523 3780 1499
23 42203 2232 80 744 10679 17 306 3617 1497
24 25 642 2.068 24.781 9168 24 503 3324 1,508
25 16.148 1.916 26022 7108 41 330 31 1635
28 13518 1.824 21 458 5 798 33122 2957 1.658
27 22429 2.200 2193 5 206 70 068 2787 1862
28 15.687 2.208 16 488 8218 28 975 2.592 6.292
29 12,586 20086 7.854 17 357 2473 15561
30 13.506 13.608 39313 13 990 2.263 18.442
n 15.210 12.138 14028 14,193
Avorage 342320 4.288 25 760 8725 271570 9499 3.267
Lowest 5.784 1834 2155 3979 9 041 2.263 1.487
Highes 101.964 11.205 104 059 39313 78 034 52.246 18 442
Pask flow 293.921 13 114 158 857 1 855 132 616 100 352 45 414
Day of paak 10 1 21 30 8 11 kR
Monthty 1otal
{rmilkon cu m} 9191 10.37 69 00 22 61 73 BS 24 62 a8
Aunott (mm} 195 22 148 48 157 52 19
Rontall (mm) 223 10 184 88 230 76 92
Statistics of monthly data for previous record (Jun 1987 to Dec 1985)
Maon  Awvy. 28.110 20140 17 540 3079 7 398 5038 5087
flows: Low 9.037 7.630 4428 2457 1283 1 488 0 869
(yoorf 1985 1985 1969 1974 1980 1984 1984
High 61.220 38 900 33.190 24190 16 060 14 660 13 620
(yoort 1974 1984 1978 1972 1983 1972 1985
Rurol  Awy. 160 105 Y00 50 42 ri:} 29
Low 81 19 25 14 ] 8 4
High 348 207 189 133 