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Low Flow Study - 1989 Drought
Interim Report June/July 1989

INTRODUCTION

This report is the second in a series whose purpose is to provide monthly low
flow estimates throughout the summer of 1989 to Department of the
Environment.  The estimates are based on two data sets: May daily flows

to estimate June mimimum flows, and June monthly flows to estimate July
minimum flows.

2, CATCHMENTS STUDIED

The analysis and flow estimates centre on the same four surface water
catchments as were used in the last report:

Thames at Kingston/Teddington (39001): 1881-1988 gauged flows
1881-1987 naturalised flows

Medway at Teston (40003): 1956-1987 gauged flows
Sussex Quse at Gold Bridge (41005): 1960-1987 gauged flows
Itchen at Highbridge (42010): 1958-1987 gauged flows

3. MONTHLY MINIMUM ANALYSIS

Revised tables showing monthly seven day minimum flows for the months
April to October, for 10, 20 and S0 year return periods are given in Table 1.
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Table 1. 7 DAY MINIMA (cumecs) (percentage of monthly average flow

in italtcs)

39001 THAMES  Monthly Return Period (years)
at Kingston average Mean 10 20 50
(gauged flows) flow 7 day min
Month m's* m¥%tY % ms' % mist % mist %
March 1049 91 659 294 28 220 21 136 i3
April 75.5 527 698 249 33 204 27 151 20
May 54.0 371 687 157 29 119 22 81 15
June 375 243 647 101 27 79 2! 56 IS5
July 23.7 172 75.2 73 31 55 23 31 13
August 22.1 155 702 66 30 46 21 24 11
September 23.6 15.7 66.5 71 30 52 22 31 13
October 39.0 216 554 82 2 62 16 43 Il
November 733 393 536 154 21 125 17 81 1II
39001 THAMES  Monthly Return Period (years)
at Kingston average Mean 10 20 50
(naturalised flows) flow 7 day min
Month mis? m¥t' % mst % mist % mist %
March 1159 B0O3 693 406 35 M8 30 267 23
April 86.5 641 741 363 42 3Ll 36 251 29
May 653 486 745 261 40 229 35 183 28
June 49.0 360 555 216 44 186 32 157 32
July 352 287 817 151 43 134 38 120 34
August 327 260 795 141 43 1/8 36 105 32
September 344 263 764 148 43 127 37 114 33
October 50.1 325 649 175 35 1.5 31 140 28
November 84.1 s66 60.1 227 27 202 24 185 22
42010 ITCHEN Monthly Return Period (years)
at Highbridge average Mean 10 20 50
{gauged flows) flow 7 day min
Month m¥s!t m’st! % mst% m'st! % mist' %
March 7.0 65 930 46 65 39 55 32 46
April 6.5 6.1 939 46 71 41 63 34 52
May 5.8 54 928 41 70 36 62 i1 54
June 49 46 932 34 70 30 ¢! 26 54
July 42 39 929 32 77 1 73 29 68
August 19 36 926 0 78 29 X 23 70
September 37 34 926 28 77 27 73 2.5 67
October 42 38 909 29 70 27 66 25 61
November 49 44 890 30 62 28 57 25 51
Comment: Very stable flow - even a 1 in 50 year drought only causes flow

in any month to be approximately halved.




00000 00 6 0 ¥

Table 1. (Cond.)

41005 SUSSEX Monthly Return Period (years)
OUSE at Gold average Mean 10 20 50
Bridge (gauged flow 7 day min
flows) m¥s? mist' % m'st g mist % mist %
Month
March 309 168 54.5 87 28 68 22 49 16
April 2.36 143 60.5 80 34 66 28 52 22
May 1.71 1.05 61.6 55 32 41 24 29 17
June 1.09 0.61 55.6 29 27 25 23 20 18
July 0.67 044 65.5 25 37 21 32 A8 27
August 0.76 043 56.9 22 9 17 23 14 18
September 1.06 047 44.0 21 20 I8 17 A3 12
October 2.09 082 391 25 12 19 9 A7 8
November 3.42 1.29 37.6 a8 I 31 9 24 7
40003 MEDWAY Monthly Return Period (years)
at Teston average Mean 10 20 50
{gauged flows) flow 7 day min
Month mist mist % afste% mist % mist %
March 149 70 469 37 25 33 2 25 17
April 109 59 538 32 2 27 25 23 2!
May 6.9 40 586 24 35 21 31 17 25
June 5.3 30 565 15 28 1.2 2 0.7 I
July 3.0 2.1 697 14 47 12 4! 1.1 37
August 34 20 588 12 35 10 30 09 25
September 5.0 20 444 12 24 1.0 20 08 17
QOctober 9.1 32 357 14 IS 1.2 B 1.1 12
November 157 56 356 19 I2 17 1 16 10

4. PREDICTING FUTURE MINIMUM FLOWS FROM
REGRESSION

Regressions developed in the last report, were used to predict June seven day
minima from May seven day minima. The results, with corresponding refurn
periods, are given in Table 2.
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Table 2 Predicted June 1989 seven day minimum flows

(% - percentage

T - retum

June mean flow

lod in years)

Station  June  Recorded June Predicted June 1989 Actual June
mean 1989 mean flow 7-day minimum flow 1989 7-day
flow minimum
mi¥st migt % mls? % T mist % T
3%9001(g) 375 14.5 387 16.5 439 <5 - -
39001(n) 4389 334 68.2 320 65.3 <5 244 49.9
40003 5.23 2.6 497 2.14 409 5
41005 1.10 0.39 35.8 043 390 <5
42010 4.88 326 66.8 364 747 5-10

[t can be seen that in three of the five cases the recorded average June 1989

flow is less than the predicted seven day minimum.

Regressions were also developed to estimate July and August 7-day minimum
These regressions are given in Table 3, and
the results from implementing them on June 1989 mean flows are given in

flows from June average flows.

Table 4.
Table 3.  Regressions to derive July and August 7-day minima from
June mean flow
Station Regression
39001(g) [JULYIDY] = 857 + 023 [JUNE30DY] R? = 0405
[AUG?DY] = 743 + 022 [JUNE30DY] R? = 0370
39001(n) [JULY7DY] = 1564 + 027 [JUNE30DY] R% = 0493
(AUGTDY] = 1369 + 025 [JUNE30DY] R? = 0467
Tas it
40003 [JULY7DY] = 188 + 005 [JUNE30DY] R? = 0.094
[AUGTDY] = 187 + 004 {[JUNE3ODY) R? = 0.021
P -
41005 (JULY7DY] = 035 +« 009 {JUNE30DY] RZ = 0231
[AUGTDY] = 037 + 007 [JUNE30DY] R? = 0.053
42010 [JULY7DY] = 125 + 054 [JUNE30DY] R? = (.786
[AUGTDY] = 136 + 045 [JUNE30DY] R% = 0528

{uom
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It is worth noting that confidence in a relationship between June 30-day flow

and July

and August 7-day minimum flows would only be justified for Station

42010 {Itichen at Highbridge), and possibly the Thames naturalised data (39001

(m).

Table 4. Predicted July and August 7-day minimum flows (from
June 1989 mean flow)

Station Predicted July 7-day minimum Predicted August 7-day minimum
m3s! % July mean T(yrs) m®*s’! % August mean T(yrs)

39001¢g) 11.91 503 <3 10.62 48.1 <5

39001(n) 24.66 70.1 <5 22.04 674 <5

40003 .0 67.0 < 5 1.97 579 < 5

41005 0.385 575 <5 0.398 524 <5

42010 322 76.7 10 3.00 769 10-25

The revised estimate of July 7-day minimum for the naturalised Thames data,
using recorded June 7-day minimum flow and the regression supplied on page

6 of the

first report, is 21.8 m®s'}, or 620% of mean July flow. This would

have a return period of less than 5 years.

A comparison between predicted May 7-day minimum flows from April mean

and April

7-day minimum flows, and recorded May 7-day minimum flows is

given in Table S.

Table 5. Comparison of predicted and recorded May 7-day

minimum flows.

(% - percentage of May mean flow

T - retum period in years)

Recorded Predicted from Predicted from
April mean April 7-day

Sation m,st % m,s % T mgs' % T
39001(g) 219 40.6 5 518 1070 <5 473 875 <3
39001(n) 413 63.3 <5 538 824 <5 570 873 <5
40003 247 300 25 6.70 971 <5 427 619 <35
41005 0.63 370 5-10 1.08 632 <5 116 678 <35
42010 427 735 5-10 470 81.0 5 480 828 5
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MINIMUM FLOW FROM DRY WEATHER FLOW
RECESSIONS

Using the recession constants deriveéd in the first report, and cnd-of-month
daily flows, an end-of-following-month daily flow can be derived. This was
done using 30 April recorded flow to predict 30 May flow. and 31 May
recorded flow to predict 30 June flow. Predicted and recorded flows from 30
May are shown in Table 6 for comparison. 30 July and 31 August flows
assume continuous recession throughout the whole of June and July, and June,

July and August respectively. Return periods quoted assume that the flows
quoted are the monthly minimum.

Table 6. Predicted end-ofmonth daily flows assuming constant

recession
30 May 1989 flow 30 June 30 July 31 August
1989 flow 1989 flow 1989 flow
Recorded Predicted Predicted Predicted Predicted

Station md¥s?! T md% ' T md?!' T m' T m¥%s?* T

3%001(g) 110 10 1153 10 262 50 062 50-100 013 100
39001(n) 3550 <5 2640 5 1460 35 569 <200 2.09 > 500
40003 1993 5-10 2110 5-10  0.639 25-50 0.16 >_500 0.04 > 500
41005 0603 S5 0697 <S5 0208 10-25 012 S0 007 100
42010 4.147 510 3997 5-10 3196 10 237 200 176 > 500

It can be seen that 30 May 1989 flow was generally quite well predicted. On
closer inspection of the May flow record, however, this is coincidental as no
station experienced a continuous recession through the month. The recorded
Thames naturalised flow for the 30 June was 31.60 m®s™. A return period
cannot be assigned to it as it is not the monthly mimimum. The revised
estimates for 30 July and 31 August flows for the Thames (naturalised), based
on recorded 30 June flows are: 1232 m¥s™! (T = 5 years), and 4.51 m®s™!
(T = > 200 years) respectively.

6. CONTINUING DROUGHT FLOW TABLE

Predicted 7-day minimum monthly flows based on the return period of
May 1989 7-day minimum flow, and assuming constant severity (or return
period) throughout the rest of the year are given in Table 7.

__.L,*_’u.u-_.
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Table 7. Predicted 7-day monthly minima assuming constarnt return
penod.
Station 7-day monthly minima (m¥s™?)
May T June July August September
1989 (years) 1989 1989 1989 1989
39001(g) 2190 S 13.89 10.19 928 10.62
39001(n) 4133 <5 2793 24.64 2126 20.04
40003 2.069 25 1.060 1.230 0.900 1.000
41005 0.632 5-10 0338 0.268 0236 0.244
42010 4.265 5-10 3.626 3360 3.081 2.886
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INSTITUTE of HYDROLOGY

The Institute of Hydrology is a component establishment of the UK
Natural Environment Research Council, grant-aided from Government
by the Department of Education and Science. For over 20 years the
Institute has been at the forefront of research exploration of hydrological
systems within complete catichment areas and into the physical
processes by which rain or snow is transformed into flow in nivers.
Applied studies, undertaken both in the UK and overseas, ensures that
research activities are closely related to practical needs and that newly
developed methods and instruments are tested for a wade range of
environmental conditions.

The Institute, based at Wallingford, employs 140 staff, some 100 of whom
are graduates. Staff structure 1s multidisciplinary involving physicists,
geographers, geologists, computer scienlists, mathematicians, chemists,
environmental scientists, soll scientists and botanusts. Research
departments include catchment research, remote sensing,
instrumentation, data processing, mathematical modelling,
hydrogeology. hydrochemistry, soil hydrology, evaporation flux studies,
vegetation-atmosphenc interactions, flood and low-flow predictions,
catchment response and engineering hydrology.

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