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SUMMARY

The report describes an extension of the studies

discussed in a previous report "A detai led study of the

set t l ing ve loc i t ies of  an estuary mud",  Repor t  No INT 78,

September I97O.

Further detai led tests on a mud obtained from Avonmouth

in the Severn Estuary were carried out in a bottom withdrawal

tube 2 metres high to determine the effect of temperature

on set t l ing ve loc i t ies.

After al lowi.ng for changes in the viscosity of the

suspension due to the variat ion in temperature, the sett l ing

velocit ies r,{ere found to vary l i t t le with temperature I with

only a sl ight tendency towards greater f locculation and higher

set t l ing ve loc i t ies at  increasing temperatures.



THE EFFECT OF TEMPERATURE ON THE

SETTLING VELOCITIES OF AN ESTUARY MUD

INTRODUCTION

This brief report forms an extension of the previous
report "A detaj- led study of the settr ing velocit ies of an
estuary mud",  Repor t  No rNT '?-8,  

september r9zo,  and should
be read in conjunction with that report.

The previous tests were designed to study the effect on
the sett l ing verocity of sal inity. suspended concentration,
and depth of settr ing- The tests described in this report
extend this l ist of variabres by studying the effect of
temperature on the sett l ing velocity..

rn the section of the previous report which dealt with
the theory of f locculation, i t  was pointed out that the
probabil i ty of col l ision due to Brownian motion depends on
the temperature of the suspension. There is a smalr direct
infruence of temperature on the actual Brownian motion, and
a rarger effect due to the variat ion of viscosity with
temperaturef as reflected in Equation r of the prevj.ous
report- At the same time. once the froc has been formed.
the variat ions of viscosity with temperature affect the
set t l ing ve loc i ty .  by a l ter ing the drag coef f ic ient  o f  the
floc sett l ing through the suspension. rn al l  these above
mentioned effects one would expect to obtain higher settr ing
velocit ies at increased temperatures.



SCOPE OF TESTS

In order to cover a range of temperatures l ikely to be

exper ienced in  estuar ies,  tests  were carr ied out  a t  f ixed

temperatures of 5, 15 and 25oC. At each temperature, tests

were carr ied out  a t  a l l  combinat ions of  sa l in i t ies of  2 t  I

and  32  g /L ,  and  suspended  concen t ra t i ons  o f  O .25 ,  1 .O  and

4 .O g / I .  Fo r  a l l  t es t s ,  a  2 .O  me t re  dep th  o f  se t t l i ng  was

adopted..

The mud used in  these tests  was obta ined at  a  la ter

date than those used in the previous studies, and although
obtained from the same location during a similar t ide, gave

sl ight ly  h igher  set t l ing ve loc i t ies.  The resul ts  of  these

tests cannot therefore be directry combined with those of the
prev ious s tudi -es,  ar though the in f luence of  the d i f ferent

var iab les,  such as sa l in i ty  and concentrat ion,  wi t l  be s imi lar
for  both sets  of  tests .

DESCRIPTION OF APPARATUS

A bottom withdrawal sedimentation tube of length 2.O
metresr ds used in the previous stui l ies, was enclosed in a
perspex tube, through which was circurated water at a constant
temperature. The temperature was control led by equipment
capable of maintaining the prescrj.bed temperature to within
+o.5oc.  rn  arr  o ther  respects  the tests  were conducted in
exactly the same manner as these described in the previous

repor t .



RESULTS AND DISCUSSION

The complete results of the tests carried out to

determj-ne the effect of temperature on sett l ing velocity are

given in  Table I .  Th is  g ives the sa l in i ty ,  concentrat ion,

and temperature of each test, and the values obtained for

the median set t l ing ve loc i ty ,  the upper  dev iat ion,  i .e .

,g4/*SO, and the lower deviation, *SO/*L6. In order to

try to el iminate the effect of temperature on viscosity, the
measured sett l ing velocit ies were corrected to a standard

temperature of 2OoC by mult iplying by the ratio of the

viscosity at 2OoC to that at the test temperature. For

par t ic les in  the Stokes range,  th is  operat ion g ives the

truly correct settr ing velocity. However. mud f locs in arl
probabi l i ty  fa l l  s l ight ry  outs ide the s tokes range because
of  the i r  re la t ive ly  rarge d iameter  and h igh set t l ing ve loc i ty ,

so that the correction applied is only approximately true,
although the deviation wil l  be smaII. The corrected median
set t r ing veroc i t ies are inc luded in  Table r f  and are p lot ted

against temperature in Fig I for each combination of sal inity
and suspended concentration. The standard deviation of
set t r ing veroc i t ies obta ined for  each test  is  a lso p lot ted on
th is  f igure.  Typica l  set t l ing ve loc i ty  grading curves at  the
di f ferent  temperatures are shown in  F ig 2,  in  th is  case for  a
suspended concentration of about 1 g/I and a sal inity of about
I  g / t .  The set t l ing ve loc i t ies in  each case have been
corrected for viscosity changes, and brought to a standard
temperature of 2ooc.

In  compar ison wi th  F ig 8f  9  or  11 of  the prev ious repor t ,
Fig 2 indicates that the effect of temSrerature on sett l ing
veloc i t ies,  a f ter  ar lowing for  changes in  v iscos i ty ,  is  very
smarl compared with the effect of sal inity, concentration or
depth of  set t l ing.  This  is  conf i rmed by compar ison of  F ig 1
with Fig 6 r 7 or 10 of the previous report.



As the temperature increases from 5oc to lsoc, Fig I

shows that the corrected median sett l ing velocj-t ies are
either virtual ly unchanged or increase sl ightry for seven
of the tests, and decrease for the other two. These two
tests appeared to be distr ibuted randomry among the various
combinations of sal inity and concentration, and no
discern ib le  pat tern emerges.  In  genera l  the corrected set t l ing
velocit ies increase by about 10* as the temperature changes
from 5oc to l5oc, arthough it  must be pointed out that the
accuracy of the sett l ing velocity measurements is considerably
worse than th is ,  because of  the great  d i f f icu l ty  o f  reproducing
exactry al l  the condj-t j-ons in each test. changes in the
v iscos i ty  of  the suspension would cause an addi t ional  338
increase in sett l ing velocity over this temperature range.

Examj-nation of the standard deviatj-ons on Fig I shows
that there is very r i t t le overalr change in the spread of
the sett l ing verocit ies over the temperature range of 5oc to
l5-c ,  wi th  poss ib ly  a s l ight  tendency to  lower  s tandard
deviat ions ind icat ing a greater  degree of  f rocculat ion.

As the temperature is increased further, from lsoC to
25oc,  the corrected median set t l ing veroc i t ies appear  to
increase sr ight ly  for  some of  the tests ,  wi th  an a lmost  equal
number having decreased values- All  the tests carried out at
the sa l in i ty  o f  2  g/ t .  and that  a t  a  sa l in i ty  o f  g  g/L,
concentration O.2S g,/I have reductions in corrected sett l ing
velocity of the order of 5ot, whereas the other tests show an
j-ncrease of about 2s* over this temperature range. changes
in the viscosity of the suspension would lead to an add.it ional
increase of about 282, so that the low salinity tests have
reduct ions in  actual ,  ra ther  than corrected,  set t l ing ve loc i t ies
of about 2oz. However the standard deviations on Fig I show
a tendency to  decrease in  most  of  the tests ,  inc lud ing those
showing reductions in sett l ing velocity, indicating further
enhancement of f locculation-
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I t  is not very common for enhanced f locculation to

resul t  in  reduced median set t l ing ve loc i t ies,  as appears to

happen at low salinit ies as the temperature increases from

15oc to  25oc.  As f locculat ion occurs,  two processes take

place which have an opposing effect on the sett l j .ng velocity.

F i rs t ly ,  f locculat j -on causes an increase in  the f loc d iameter .

which tends to raise the sett l ing velocity- However the water

trapped between the part icles or groups of part icles forming

the f locs general ly leads to a reduceil  f loc density with

increasing size, and hence to a decrease in the sett l ing

velocity. Normally the increased diameter effect outweighs

the reduced density, and f locculation results in higher sett l ing

velocit ies. In these part icular tests however the reduced

density appears to outweigh the increased diameter.

CONCLUSIONS

Further studies of Avonmouth mud have shown that the

effect of temperature on the sett l ing velocit ies of f locs

formed in suspensions of varying salinity and concentration

is largely l imited to the effect temperature changes have on

the v iscos i ty  of  the suspension.  Af ter  correct ing the

measured set t l ing ve loc i t ies for  th is  var ia t ion in  v iscos i ty ,

there appeared to be a slight tendency to-_i3-gleased flocculation

at higher temperaturesr general ly accompanied by sl ightly

greater median sett l ing velocit ies. Howeverr at temperatures

above 15oC the sett l ing velocit ies of f locs formed in low

sal in i ty  suspensions decreased.

Over the normal.range of temperatures, the effect on

median sett l ing velocit ies is small- in comparison to the

ef fect  o f  concentrat ion.  sa l in i ty .  or  depth of  set t l ing.

DDP.Dd.650449 9/72
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TABLE I

Results of temperature tests

*  tL6 too low to be accurate ly  determined.  
'

t  Median sett l ing velocity corrected for viscosity variat ions to
standard temperature of 2OoC.

Test Concen-
Number tration

s/L

Median

";;Iiil" 
corrected-  - :  - - :  . - '  med ianveroc l_tv

t5o

mmr/s nun/s

Upper Lower
deviation deviation

'gq/*so t5o/ t t6
Sal in i ty

s/L

o.2 I5

o .216

o.24(J^

o .763

1 .618

L .24c^

3 .52

4 . O O

3 . 5 0

2 .37

8 .  14

29 .5

2 .54

8.3 r

3c^ .2

2 .37

8 .31

32 .4

Aa

Ac

Ae

Ca

Cc

Ce

Ea

Ec

Ee

Temperature

o .  075

o .  36

o .  14

o .59

o .37

o .34

o .49

o .22

o .62

5oc

o .11

o .54

o .2L

o .89

o .56

o .52

o .7  4

o .  33

o .94

3 .5

2 .5

2 .4

2 .2

1 .5

1 .6

L .4

1 .9

1 .6

,l

L7

L7

390

5 .1

5 .O

2 .1

1 .5

4 .8

o.2L4

o .2U^9

o .228

o .944

o .92u^

I .083

3 .45

4 .08

3 .35

2 .2L

8 ,31

29 .8

2 .54

7  . 97

30 - .2

2-2(J^

I  . 14

3L .7

Temperature

o .L7

o .23

o .19

o .86 . .

o .54

o .49

o .46

o .  41

o .73

15oc

o .19

o .26

o .22

o-  98

o .61

o .56

o .52

o .47

o .83

2 .6

2 .5

2 .2

1 .5

I . 4

1 .5

1 .5

1 .7

1 .5

*

190

11

5 .4

6 .5

4 .9

35

1 .8

3 .O

Aa

Ac

AC

Ca

Cc

Ce

Ea

Ec

Ee

o.197

o .195

o .224

o-864

o .9 I7

I .060

3 .53

3 .87

3 .43

2 .20

7 .  81

30 .  2

2 .37

7  .97

3 I .2

2 .37

8 .14

31 .4

3 .2

2 .8

1 .8

r .6
L .4

L .4

L .7

1 .3

1 .5

30
*

6 .O

L7

4 .O

2 .O

L7

L .4

2 -6

Aa

Ac

Ae

Ca

Cc

Ce

Ea

Ec

Ee

Temperature

o .  10

o .  14

o-32

o .62

o .88

o .75

o .29

o .  68

o .7  4

25oc

o .089

o .125

o .28

o .55

o .  78

o .67

o .26

o .60

o .  56
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