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Low Flow Study - 1989 Drought

Inter im Repor t J une/J uly 1989

INT RODUC TION

Th is report is the second in a series whose purpose is to provide monthly low
fl ow estimates throughout the summer of 1989 to Department of the
Environment. The estimates are based on two data sets: May daily fl ows
to estimate June minimum fl ows, and June monthly fl ows to esti mate July
minimum fl ows.

2, CATCHME NTS STUDIE D

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

Thames at ICingston/Teddington (39001):

Medway at Teston (40003):
Sussex Ouse at Gold Bridge (41005):
l ichen at Highbridge (42010):

3. MONTHL Y MIN IMU M ANALYSIS

same four surface water

1881-1988 gauged fl ows
1881-1987 naturalised fl ows
1956-1987 gauged fl ows
1960-1987 gauged fl ows
1958-1987 gauged fl ows

Revised tables showing monthly seven day minimum fl ows for the months
April to October, for 10, 20 and 50 year return periods are given in Table 1.



Table I. 7  DA Y MINIMA (o unces) (percentage  of  monthly average f low
in italics)

39001 T HA MES Monthly Return Per iod (years)
at Kingston average Mean 10 20 50

(gauged fl ows) fl ow 7 day min
Month t

s
- t

II I  re s" %  In i % III ' S"  % II I 3S- 1 %

March 104.9 69.1 65.9 29.4 28 210 21 13.6 13
Apri l 75.5 52.7 69.8 24.9 33 20.4 27 15.1 20
May 54.0 37.1 68.7 15.7 29 11.9 22 8.1 15
Junc 37.5 24.3 64.7 10.1 27 7.9 21 5.6 15
July 23.7 17.2 75.2 73 31 5.5 23 3.1 13
August 22.1 15.5 70.2 6.6 30 4.6 21 2.4 11
September 23 6 15.7 66.5 7.1 30 5.2 22 3.1 13
October 39.0 21.6 55.4 82 21 62 16 43 11
November 733 393 51 6 15.4 21 12.5 17 8.1 11

39001 THA MES Monthly Return Period (years)
at Kingston average Mean 10 20 50

(naturalised fl ows) fl ow 7 day min
Month rIl

3S- 1
IT/ 35- 1  %  11135- 1  % 1113S- 1 % II I 3S- 1 %

March 115.9 803 69.3 40.6 35 34.8 30 26.7 23
April 86.5 64.1 74.1 363 42 31. 1 36 25.1 29
May 653 48.6 74.5 26.1 40 22.9 35 183 28
June 49.0 36.0 55.5 21.6 44 18.6 32 15.7 32
July 35.2 28.7 81.7 15.1 43 13.4 38 12.0 34
August 32.7 26.0 79.5 14.1 43 1118 36 10.5 32
September 34.4 263 76.4 14.8 43 12.7 37 11.4 33
October 50.1 32.5 64.9 175 35 15.5 31 14.0 28
November 84.1 50.6 60.1 22.7 27 20.2 24 18.5 22

42010 ITC HEN Monthly Return Period (years)
at Highbridge average Mean 10 20 50
(gauged fl ows) fl ow 7 day min

Month Il l
3

S- 1 rIl l s - 1 % (113S- 1 % rri 3S- 1 %  ITI 3s"  %

March 7.0 65 93.0 4.6 65 3.9 55 3.2 46
April 6.5 6.1 93.9 4.6 71 4.1 63 3.4 52
May 5.8 5.4 928 4.1 70 3.6 62 3.1 54
June 4.9 4.6 91 2 3.4 70 3.0 61 2.6 54
July 4.2 3.9 92.9 3.2 77 3.1 73 2.9 68
August 3.9 3.6 92.6 3.0 78 2.9 74 2.7 70
September 3.7 3.4 92.6 2.8 77 2.7 73 2.5 67
October 4.2 3.8 90.9 2.9 70 2.7 66 2.5 61
November 4.9 4.4 89.0 3.0 62 2.8 57 2.5 51

Comment: Very stable fl ow - even a 1 in 50 year drought only causes fl ow
in any month to be approximately halved.



Table L (ConkL)

41005 SUSSEX Monthly Return Period (years)
OUSE at Gold average Mean 10 20 50
Bridge (gauged fl ow 7 day min

fl ows) 111 3 S- 1 111 3 S- 1 % M 3 S- 1 %  1111 S- i  %  DI  %

Month

March 3.09 1.68  54.5  .87 28 .68 22 .49  16
April 2.36 1.43  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 0.44  65.5  .25 37 .21  32  .18  27
August 0.76 0.43 56.9 22  29  .17  23  .14  18
September 1.06 0.47  44.0  2 1  20  .18  17  .13  12
October 2.09 0.82  39.1  .25  12  .19  9  .17  8
November 3.42 1.29  37.6  3 8  11  .31 9 .24 7

40003 MEDWA Y Monthly Return Period (years)
at Teston average Mean 10 20 50

(gauged fl ows) fl ow 7 day min
Month 3 - I

M S  M 3 S- 1 % m3s" % m3s" To m3s" %

March 14.9 7.0  46.9  3.7  25  3.3  22  2.5  17
April 109 5.9 518 3.2  29  2.7  25  1 3  21
May 6.9 4.0  58.6  2.4  35  2.1  31  1.7 25
June 5.3 3.0  565  1.5  28  1.2  22  0.7  14
July 3.0 2.1  69.7  1.4 47 1.2  41  1.1 37
August 3.4 2.0  58 8  1.2  35 1.0 30  0.9 25
September 5.0 2.0  44.4  1.2  24  1.0  20  0.9 17
October 9.1 3.2  35.7  1.4  15  L2  13  1.1  12
November 15.7 5.6  35.6  1.9  12  1.7  11  1.6 10

4. PREDIC TING FUT U RE MI NIMU M 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 cor responding return
periods, are given in Table 2.



•
•
•

Regressions were
fl ows from

I t can be seen that in three of the five cases the recorded average June 1989
fl ow is less than the predicted seven day minimum.

also developed to estimate July and August 7-day minimum

•
•
•

Table 2 h rdicted June 1989 seven day minimum  fl ows
• - percen tage June mean flow

T - return period in yews)
•

•
•

Station June Recorded June Predicted June 1989 Actual June
mean 1989 mean fl ow 7-day minimum fl ow 1989 7-day
fl ow minimum

•
111 3S- 1 ni 3 - 1

111 3S- 1S T m3S-1 % T
•
• 39001(g) 37.5 145 38.7 165 43.9  <  5  -

39001(n) 48.9 33.4 68.2 32.0 653  <  5 24.4 49.9

• 40003 5.23 2.6 49.7 1 14 40.9 5
41005 1.10 0.39 35.8 0.43 39.0  <  5

• 42010 4.88 326 66.8 3.64 74.7 5-10

•
I.

•

•
•
•
•
•
•
•

•
•

•
•

•
•
•
•

June
the results from
Table 4.

Station Regression

39001(g) [JULY7DY] = 8.57 + 0.23
[A UG7DY) = 7.43 + 0.22

39001(n) IJULY7In g = 15.64 + 0.27
(A UG7DY] = 13.69 + 0.25

1 + -
40003 [JULY7DYJ = 1.88 +

[A UG71Pi1 = 1.87 + 0.04
-

41005 [JULY7DY ] = 035 * 0.09
EA UG7DY] = 037 + 007

42010 PULY7DY] = 1.25 + 054
[A UG7DYJ = 136 + 045

average fl ows. These regressions are given in Table 3, and
implementing them on June 1989 mean fl ows are given in

Table 3. Regressions to derive July and A ugust 7-day minima f rom
June mean fl ow

PLJNE3ODY] R2 - 0.405
[TUNE3ODY] R2 = 0.370

[JUNE3ODY] R2 = 0.493
PUNE3ODYJ R2 = 0.467

PLINE3ODY] R2 = 0.094
IJUNE3ODY1 R2 = 0.021

[JUNE301)Y1 R2 = 02 31
(JUNE3ODYI R2 = 0.053

P UNE30DY] R2 = 0.786
PUNE3ODY] R2 = 0.528



It is worth noting that confi dence in a relationship between June 30-day fl ow

• and July and A ugust 7-day minimum fl ows would only be j ust ifi ed for Station
42010 ( l ichen at Highbr idge), and possibly the Thames naturalised data (39001

• (n)).

•
Table 4. Predicted July and August 7-day minimum f lows (from

• June 1989 mean fl ow)

•

• Station Predicted July 7-day minimum Predicted A ugust 7-day minimum

•

•
The revised estimate of July 7-day minimum for the naturalised n ames data,

• using recorded June 7-day minimum fl ow and the regression supplied on page
6 of the first report, is 21.8 m ss- i , or 62.0% of mean July fl ow. This would

le
have a return period of less than 5 years.

• A comparison between predicted May 7-day minimum fl ows from April mean
and A pril 7-day minimum fl ows, and recorded May 7-day minimum fl ows is

• given in Table 5.

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

• minim tun f lows.
(% - percentage of May mean fl ow

• T - return peri od in years)

•

• Recorded Predicted from Predicted fr om
April mean A pril 7-day

• - -Station in 3 S
1

%  TI1
3

1 % T ms S- % T

•

•

•

•



MINIMUM FLOW FROM DRY WEATHE R FLOW
RECESSIONS

•
•
•
•

Using the recession constants derived in the first report , and cnd-of-month
daily fl ows, an end-of-fol lowing-month daily fl ow can be derived. This was
done using 30 April recorded flow to predict 30 May fl ow. and 31 May
recorded fl ow to predict 30 June  fl ow.  Predicted and recorded  fl ows  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 -of month daily fl ows assuming constant
recession

•
• 30 May 1989 fl ow 30 June 30 July 31 A ugust

1989 fl ow 1989 fl ow 1989  fl ow

• Recorded Predicted Predicted Predicted Predicted

Station m3s-1 T m3s- ' T m3s-1  T m3s" ' T rn3s- ' T

•
• 39001(g) 11.0 10 115 3 10 2.62 50 0.62 50-100 0.13 100

39001(n) 35.50  <  5 26.40 5 14.60 35 5.69  <  200 2.09  >  500
40003 1.993 5-10 1 110 5-10 0.639 25-50 0.16  >  500 0.04  >  500
41005 0.603 5 0.697  <  5 0.208 10-25 0.12 50 0.07 100 -  '4? 1 17

• 42010 4.147 5-10 3.997 5-10 3.196 10 237 200 1.76  >  500 AO "

•
•
•

It can be seen that 30 May 1989  fl ow  was general ly quite well predicted. On
closer inspection of the May  fl ow  record, however, this is coincidental as no
station experienced a continuous recession through the month. The recorded
Thames natural ised fl ow for the 30 June was 31.60 RO C ' . A return period 24.



•
Tab le  7. Predid ed 7-day  monthly minima assuming cons tant return

O pa iod.

0

Station 7-day mo nthly minima (rnhs- l )
May T June July Augus t September

• 1989 (years) 1989 1989 1989 1989

0
3900 1(g) 21.90 5 13.89 10.19 9.28 10.62

• 39001(n) 4 13 3 < 5 27.93 24.64 21.26 20.64
40003 1 069 25 1.060 1.230 0.900 1.000

• 4 1005 0.632 5- 10 03 38 0.268 0.236 0.244
420 10 4.265 5- 10 3.626 3-360 3.081 2 886
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INSTITUTE of HYDROLOGY

The  Institute of Hy drology  is a compone nt estab lishme nt of the UK
Natural Environme nt Rese arch Council, g rant-aide d from Gove rnme nt

by the Departme nt of Educa tion and Scienc e. For ove r 20 ye ars the
• Institute has bee n at the fore front of re se arch e xplora tion of hydrolog ica l

systems within comp le te ca tchment are as and into the physical
• p rocesse s by which ra in or snow is transforme d into flow in rivers.

Applie d stud ies, unde rtake n both in the UK and ove rseas , ensures tha t
rese arch activities are close ly re late d to practical ne eds and that newly

deve lope d me thods and instrume nts ar e teste d for a wide range of
environme ntal cond itions.

The Institu te , based at Wallingford , e mp loys 140 sta ff, some 100 of whom
• are graduates . Staff structure is multidisc ip linary involving physicis ts ,

geog raphe rs , geolog is ts , compute r scientis ts , mathe maticians , chemists,
e nvironmental sc ientists , soil sc ientists and botanis ts . Research

de pa rtme nts include catchme nt re se arch, re mote se nsing,

• instru me ntation, data proce ss ing , ma the matical mod elling ,
hydrogeology, hydroc he mistry, soil hydrolog y evap oration flux stud ies ,

• vege tation-atmosphe ric inte rac tions , flood and low-fl ow pred ictions,
catchme nt resp onse and e ngine e ring hyd rology

• The budge t of the Ins titute comp rise s E4.5 million per year About 50
pe rcent re lates to rese arch p rogrammes fun ded d ire ctly by the Natural

• Environme nt Rese arch Council. Extensive commissione d rese arch is
also ca rne d out on be half of gove rnment de pa rtme nts (both UK and

ove rse as ), various inte rnational agencies , e nvironme ntal organisations
and private se ctor clients. The Institute is also responsible for

• nationally archived hydrologica l data and for pub lishing an nually
HYDROLOGICAL DATA: UNITED KINGDOM.
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