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ABSTRACT

For economlcal and practical reasons a slgnificant amount of the IIKt s sertage

sludge ls disposed to Bri t lsh coastal  waters. 'The consequences of this form

of disposal on the marine environment and coastline are of great importance

and have been the subject of intensive investlgation.

Eydraulics Research has been involved for many years ln studying the

behavlour of sewage sludges dLscharged into the marine envlronment. Recent

laboratory research concerned with the depositlon and erosion of sludge on a

rlppled sand bed revealed a lack of suitable field data on near-bed

velocities and associated movement of a sand bed. Eydraulics Research

mouuted a survey in Liverpool Bay, an area where sewage eludge is dunped, in

order to meaaure these variables. Some lnstrument fail-ure during the survey

resulted in data loss but sufflcient data was collected to provlde a useful

fieLd record. This report presents the data obtained on the survey and

connents on the results.
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INTRODUCTION

Hydraul ics Research (HR) has been commissioned by fhe

Depart rnenE of  the Envi roament  (DoE) to carry out  a

program of  research in to var ious aspects of  sewage

s ludge  d i sposa l  t o  sea .

Previous laboratory research conducted by HR

invest igated the deposi t ional  and erosional

character is t ies of  s ludge on a r ippled sand bed and is

repor ted in  Reference 1.  The s ludge used in these

experiments nas obtained fron Davyhulme Treat.ment.

Works,  Manchest .er ,  whieh d isposes of  i ts  s ludge v ia

s ludge vessels d ischarging in to L iverpool  Bay.  The

test,s rdere carried out using near-bed velocities which

were typical of f ield vaLues in general but rdere not.

based on actual data from a known sludge-dunaping

ground as the latter rras unavailable. To fi l l  this

data gap (and to ensure the relevance of the

laboratory tests)  the repor t  recommended that :

( i )  f le ld veloc i ty  data should be obrained f ro 'n

a known sand bed area of Liverpool Bay,

paying particul-ar attention Lo the near-bed

ve loc i t y  p ro f i l e .

(i i) an attempt should be made at the same time

to observe sand ripple movenent, preferably

dur ing a spr ing t ide.

HR consequent ly  conducted a f ie ld survey to sat is fy

these reconmendat ions.  The survey was carr ied out  on

the spr ing t ides of  16 and 17 February 1984 at  a

posi t ion where sand had been ident i f ied in  other

surveys (Ref  2)  and where r ipples were expect .ed to

exis t .  The locat , ion of  th is  posi t ionr .  known as T10,

is  shown in F igure l .  This  repor t  out l ines the

measurement  techniques adopted on the survey,  presents

the obta ined data and commenEs on the resul ts .



VELOCITY A}iD

SUSPENDED SOLIDS

MEASUREMENTS

2.1 Through-the-depth

ve loc i t i es

Veloclty measurements were rnade using a Braystoke BFM

008 l" lark I I I  direct ional currenL meter '  weighted and

suspended from the survey vessel.  Water depth

measurenenls \ tere made using a transducer f ixed onEo

the sinker weight attached to Ehe current meter.  The

records of total  water depth, water speed and

d l rec t ion  o f  f low observed on  16 .2 .84  are  presented  in

Table I  and those observed on 17.2.84 are Presented in

Table 2. It should be noted that measurements of

near-surface flow directions may have been affected by

Lhe steel hull of the survey vessel and this daca

should be treat,ed with a degree of caut ion.

The velocity daLa has been anal-ysed to obtaln computed

best-f l t  vel-oci ty curves for each prof i le.  This has

been calculated assumLng a curve of the form:

u  =  a  +  b  1 o g 1 g  h

where

u

h

b

a

ve loc i t y  (n / s )

depth (n)

s lope of  l ine

consEant

The actual  ve loc i ty  data points,  together  wi th

computed best- f i t  curves are presented in F igures 2

and  3  f o r  measu remenEs  taken  on ,  16 .2 .84  and  17 .2 .84

respect ive ly .  Numer ical  va lues for  the coef f ic ients

(a and b)  of  the computed best- f i t  ve loc i ty  curves,

a long wi t ,h  the corre lat ion index ( r )  and calculaLed

shear veloc i ty  1, r*1 . r .  presented in Table 3.  Shear

veloc i t ies have been determined using the equat ion



t r b
t l  =  -'  5 . 7 5

Predicted t idal  information for the Port  of  Liverpool

during the survey period, extracted frorn Adrniral ty

T ide  Tab les  fo r  1984,  i s  g iven  be low:

These values of  shear veloc i ty  fa l l

o f  0.0 ln/s  and O.08rn/s wi th rnaxinum

the  f i r s t  ha l f  o f  Ehe  f l ood  t i de  on

L8/20L0-2018 cMT).

between the l in i ts
*

u  occur r ing  in

L 7 . 2 . 8 4  ( P r o f i l e

Tidal height
(n)

1 .3
9 .3
0 .8
9 .5

0 .8
9 .8
0 .3
9 .8

Date

L 6 . 2 . 8 4

L7 .2 .84

Tine
(GMr)

0501
1040
L736
2306

0550
TL27
1825
23s3

2.2 Near-bed

veloc i t . ies

A different Leehnique -uras used to m€asure near-bed

veloc i t ies.  A snal l  Braystoke current  met .er  was

mounted t.o a bed frame which was lowered fron the

survey vessel ,  a l ign ing i tse l f  wi th the f low on i ts

way down to rest on the sea-bed. The current meter, a

non-directional l-nstrument, was driven by signals from

the  su rvey  vesse l  t o  measu re  ve loc i t i es  a t  0 .1 ,  0 .3

and 0.6m above the bed.  The veloc i ty  data is

p resen ted  i n  Tab les  4  and  5 .  Ve loc i t y  va r i a t i on  w i t h

time at each of the three heights for the two days of

observat ions is  shown in F igure 4.  Gr i t  in  the

inpel lor  on 17 February may have d is tor ted the f lood

t ide measurements that  day.

2 .3  Suspended  sed imen t

Suspended sedimenE measureinents ut i l ised a snal l  i ra ter

sampl ing in take nozzle at tached a longside the current

meter  t .o  the bed f rarne,  the in t .ake posi t ion being



SA}ID RIPPLES

3. f  Bed compos i t ion

determined by signals frorn the survey vessel.  Pumps

on board the survey vessel drew water from the intake

and up to the vessel v ia a plast ic tube. Once on

board the survey vessel a measured volume of wat,er was

extracted and passed fhrough a f i l ter ing mechanism,

the f i l ters \rere then returned to the t{R Sedimentology

Laboratory for analysis.  The quant i ty of sediment

retained on the f i l ter was determined using standard

dry weight procedures (Ref 3) and the results are

presented in Tables 4 and 5.

Part ic le sLze analyses were also carr ied out on the

suspended sediment.  ln i t ia l ly the retained f i l ter

m a t e r i a 1 w a s d i v i d e d i n t o t w o s i z e f r a c t i o n s ' t h a t >

40 microns and that < 40 nierons. If the weight of

the fract ion > 40 nicrons was > 0.039 further analysis

was performed on the sanple to det,eruine the

proport ions of the di f ferent,  sand fract ions. The

results of this analysis,  where appl icable, is also

given in Tables 4 and 5.

To establish the grading and unlforrnity of the bed

sedLments,  grab samples of  the sea bed sur face were

taken fron the survey vessel using a Van Essen

clan-shel l  type grab sampl-er .  A tota l  o f  s lx  sanples

was taken,  three each day.  The posi t ion f rom which

each sample was taken var ied as,  depending on t ida l

condi t ions,  the survey vessel  swung s l ight ly  whi le

anchored.

Part ic le  s ize analyses of  the grab samples were

carr ied out  in  the HR Sedirnento logy Laboratory us i -ng a

sEandard  s i ze  g rad ing  techn ique  (Re f  3 ) .  S i ze  g rad ing

curves for  each of  the samples were found to be

vi r tual ly  ident ica l  and are represenEed by the curve

for  sarnple D in F igure 5.  The u iedian gra in s ize (D5g)

of  eaeh of  the s ix  saroples is  g iven below:



D a t e

L 6 . 2 . 8 4

L7 .2 .84

Time
(cl'rT )

1000
1715
?

1406
1730
r900

Sanple
I'Io

A

B

D
E
F

D so
(tnn )

a .37
0  . 33
0 .32

0 .33
0 .33
0  . 31

3.2  Sand r ipp le

movement

A11 Lhe D UO values fa l l

d iameter  ( . inediun sand).

cornposition of the sea

T10 renained consistent

survey.

w i th in  t he  band  0 .3  t o  0 .4nn

This indicates that  the

bed in the v ic in i ty  of  posi t ion

for the duration of che

Prof i les of the sea bed surface at posi t ion T10 were

obtained using an instrument recently developed by ItR.

This instrument, a precision eeho sounder, was mounted

on a similar but separate bed frame than that used for

near-bed velocity and suspended sediment. measurements.

The echo sounder worked at 2 !lhz, the nominal working

range was between 500nrn and 1000mn nith a resolution

of tl 'n and bean width of approximately 25nn.

The echo sounder transducer, controlled by a drive

systen from the survey vessel, was moved along a

trackway supported by the bed frame 800nn above the

sea bed. The lengt.h of traverse was 1300mn and as the

transducer moved along tl 're tracklray, the distance

between i t  and the sea bed were reproduced graphical ly

onto a two channel chart recorder. One channel

recorded the transducer output infornat ion whi le the

other recorded i ts length of t raverse. During the

survey period .49 separate prof i les of the sea bed were

obtained using Ehis instrument,  39 recorded over Ewo

ebb t ides and 10 over a single f lood Eide. Technical

problens with the instrument forced the abandonment of

work. The prof i les are represented by Fi .gures 6 and



7,  eac i r  f igure  represent ing  a  ser ies  o f  p ro f i les

obta ined under  d i f fe ren t  t ida l  cond i t ions .  F igure  6

shows prof i les obcained during the early ebb t ide of

16 February and Figure 7 shows those obtained during

the rnid f lood of L7 February. The l ines in each

f igure represent the surface of the sea bed paral lel

to  the  d i rec t ion  o f  f low ( ie  long i tud ina l  p ro f i les ) .

Inspect ing these prof i les i t ,  can be seen that the

trace lengths vary sl ight ly.  These varianees were due

to di f ferent traverse speeds caused by water leakage

into a cable. Each trace, however,  is st i l l

representat ive of 1300nn of the bed. I t  proved

impossible t,o maintain the same inst,rument position

throughout Lhe duration of the survey but the profiles

in each figure are frorn the sane locati,on.

The prof i les presented in Figure 6 clear ly show l i t t le

ripple movement in the first half hour of rhe ebb tide

but sl ight advancennent (-  0.03m/s) in the second half
*

hour when u was est imated as being 0.O4ra/s.

Conversely the prof i les presented in Flgure 7 show

rapid r ipple movement (-  0.S0nn/s) coinciding with a
*

u  o f  0 . 0 7 n l s .

The following table summaries

ripple advancement calculated

with their  coincident value of

at a rate < 0.03rnn/s were noL

SUMMARY A}ID

CONCLUSIONS

*
u

( n / s )

0 . 0 4
0 . 0 5
0 . 0 6
0 . 0 7
0 . 0 8

Shear  ve loc i t i es

through-the-depth

the approximate rate of

f rom the prof l les,  a long
*

u . Ripples advancing

mon i to red .

r ipple advancemen!
(nn /s )

0 .03  -  0 .05
0 .08
0 .20

, ' 0 . 50
>  0 .50

*
(n  ) ,  ca l cu la ted  f rom

ve loc i t y  p ro f i l es ,  r anged  f rom

I .



0.01m/s to 0.08n/s.  l , Iax i iaum u was measured ear ly

i n  t he  f l ood  t l de  a t  HW -  3 ; -  hou rs  on  17 .2 ,84

2.  I ' Iax imum recorded veloc i ty  at  the bed (+ 0.1n)  was

0.45n/s,  measured ear ly  in  the sane f lood t ide

between HW - 4 hours and HW - 3l hours.

3.  Mean suspended sol ids concentrat ion near the bed

was  0 .ALg /L .  The  concen t ra t i on  o f  sed imen ts

< 40 pn renained fairly constant throughout the

t idal  cyc le but  the concentrat ion of  sediments

> 40 1m inereased noticeably when ,t* .ralues reached

> 0.06rn/s and reached a peak of  0.L3 e/ t  between

Iiw - 3+ and IIW - 3 hours on 17 .2.B4 roh.t ,r* ta"

0.07  -  0 .08rn /s  .

4. Median grain size of the bed naterial at T10 was

0.33rnn.

5. Sand r ipples on the sea bed at,  posi t ion Tl0 were

identified and their movement recorded. Ripple

advancement of between 0.03 and 0.05nrn/s was

measured rh.n o* was 0.04n/s, suggest ing a

threshold of movement when ,r* i" < 0.04n/s.

Ripple advancement of > 0.50nur/s i{as measured when
*

u  was -  0 .08n/s .

6. In the previous HR Laboratory invest igat ion, which

used sand w i th  a  D5g o f  0 .19mm,  the  th resho ld  o f

r ipple movement ( ie,  0.01nn/s) occurred *her,  , r*

was - 0.036m/s. This compares wel l  with the

recorded f ield values and indicates that Lhe

laboratory tests were representat ive of bed

condit ions in Liverpool 3ay.

7. Despite some inst.ruraent fai lure during the survey

result ing in incomplete records, the data

co l lec t ,ed  prov ides  a  use fu l .  account  o f  ac t i v i t ies

at the bed in Liverpool Bay; the object ives of the

exercise have been achieved.
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TABLE 3 Values of eonputed best-fl.t velocity curves

Date

L 6 . 2 . 8 4

L7 .2 .84

Pro f i l e

No

I

2

3

4

5

6

7

8

9

10

1 t

t 2

13

L4

15

l6

L7

1B

19

20

2L

22

Cons tanE

( a )

o .24

0 .42

0 .55

0 .56

0 .57

0 .48

4 .42

0 .28

0 .L2

Slope

( b )

0 .23

o .23

o .23

0 .23

0 .23

0 .2L

o . t 2

0 .09

0 .03

0 .28

0 .  25

0 .35

o ,25

0 .  21

0 .18

0 .25

0 .37

0 .46

0 .42

o .2L

0 .11

0 .09

Pro f i l e  t i oe

(clrr)
Corre la t ion

( r )

0 .98

0 .95

0 .91

0 .7  4

0 .  83

0 .95

0 .  69

0 .7  2

0 .61

0 . 9 9

0 .  9 6

,  0 . 9 7

0 . 9 9

0 . 9 9

0 . 9 4

0 . 9 3

0 . 9 7

0 . 9 8

0 .  9 9

0 . 9 8

0.8 r

0 . 8 8

*
u

( n / s )

0 .04

0 .04

0 .04

0 .04

0 .04

0 .04

0 .02

0 .02

0 .01

0 .05

0 .04

0 .06

0 .06

0 .04

0 .03

0 .05

0 .06

0 .08

0 .07

0  . 04

0 .02

0 .02

tL22

1  159

L239

1336

1435

1504

1542

1_609

16  51

14 13

L444

15 12

154 1

1616

L647

1715

L925

2010

2036

zLC9

2138

22L0

I  140

121  1

L254

1350

L445

15 14

t552

L622

L702

I429

L456

L523

1553

r628

L657

L7 23

L937

2018

2A49

2L23

2L54

2227

0 .60

0 .61

0 .56

0 .62

0 .52

0 .43

4 .32

0 .57

0 .70

0 .70

0 .7  2

0 .54

0 .40

l og  tO  h
Based on equatLons ;  u  = a *  b

=  b l > . 1 )
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