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ABSTRACT

The fate of dredge material dispoeed of at open water eites by hopper

dredgera hae eignificaat ecological aod engineering inportsrc€o The

suitability of a aite for continued or propoeed new dispoeal of dredged

material can oaly be coneidered if the procegsee shich occur io both the

short-term and tong-tern rith respect to the diepersal of the material are

wetl uoderetood.

Following releaee from the hopper, the dredged material deecende through the

reter colulm as a sell defined jet. Duriag the deecent large volunes of

eater are eotrained in the jet and so the naterial becones aeparated from

the jet aad reuaine ia the upper portioo of the sater Golumn. This oateriel

nay be deecribed aa a aear surface plune and is advected by the current from

thc diapooal poiat. The,deacending jet collapeec aa a result of inpact oa

the bed end the naterial rbich ie not depoeited on impact will nove out

radially under itc orn'uoneotrm. Sheo eafficient eoergy bae been diesipated

naterial will begio to settle rapidly oa the bed.

A conputational rnodel saa developed to predict tbe moveuent'of the plume of

naterial put ioto euepeosioo duriog the dispoeal procese. Ihe objective of

the work eas to create aa ecoaooic ueana of predicting the diepersioa of

diepoaed dredged uaterial in tidal eaters.

The nodel waa based on aa analytical eolution of a aioplified differential

equatioo which described the spreed of naterial fron I 8ourc€r It wag

aesuned that the corrent velocity, depth of flow aad turbulent diffueioa

remain coostant for the length of the plune2 the flor rae parallel to the

r-direction and the naterial sas fully mi:ed throughout the depth.

A techoique of convoluting eolutions waa impleueated to enable the aodel to

iepte"eot chaagee"in"'fhi 'crinent direction aad 'iiitdr depth duriog a tiiie aad

the effect of coaceotration of euspeaded golide on the eettling velocity.

Duriag a particular tine step all the paranetera sere held constaat but nere

changed from one time step to the next eccording to the tidal coaditioos.

The reeults froo the uodel were presented aa contoured plots of euepended

aolids concentration and deposited 1888o



The sensi'tivity of' the nodel to the time etep, diffuaion coefficiente and

eettling velocity of the uaterial were inveetigated. The length of the tine

etep did aot af fect the eolut ioa except for relat ively short  t ime stepe in

shich the dietance advected ras of the aame 'ragnitude ae the cell eize.

Longitudinal diffusion waa oeen to have oignificant effect on the epreading

of the plume. The effect of  the lateral  di f fusion coeff ic ient sag less
marked. The results were ehorn to be quite eensitive to the settliag

veloeity of the nater ial .

A praetical application of the model wae Eade to demonetrat€ its fuoction.
The Tees Bay Inner Dispoeal Site sas celected as this sas the location of
previoua and current field studies of dicpersioa of dredged naterial. Oae

rua of tbe lodel sae rnade aad the pattern of depoeited naes on the bed

wag preaented.
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INTRODUCTION

Recent years have seen a substantial increase in the

size and draught of vessels passing through ports.

Many ports requLre a regular prograrnme of dredgtng to

maintaLn navigable depths ln the docks and ln the

entrance channels. Such malntenance dredglng ls

costly and methods are continually sought to reduce

the input of effort into such maLntenance.

Part of the solution is clearly to be found in the

appropriate design of ports and their access channels.

Their deslgn should nlnlmlze the hydraullc condltions

that, favour settlement of suspended materlal. In

existLng ports, however, and those where physical

factors are coatrary, the maintenance of deep water

may be an unavoidably heavy burden.

Illstorical-ly, maLntenance dredglng has been carrled

out uslng 1ocal experience to determine when and where

to dl.spose of dredged material. There ls lncreastngly

greater pressure to maximLze dredging efficiency. In

addltlon, and perhaps more l.mportantly, dredglng

exercLses Ln channels nhLch pass through lndustrlal

areas Lnvolve movlng sedLments whlch may have

signLficant accumulatlons of pollutants. These then

elther become concentrated ln the dlsposal sites, or

thrown Lnto suspenslon Ln the mud clouds caused by

dredging works. Recently, lt has been suggested that

disposed dredged materlals represent a major lnput of

trace metale to the marLne envlronment. The mass

l-oads could be substantlall-y hlgher than the total

lnput to the seas around Engl-and and t{ales fron the

dlsposal of  industr ial  wastes and sewerage sludges.

It ls cl-early of interest then, from an environmental

point of view as well as from an engineering

standpoint,  to gaLn greater insLght tnto the dispersal



of materLal ar is lng from dredglng operat lons.

Matheuatlcal models are lncreaslngly recognised as

useful tools ln many research programme, and in the

concext of dispersal of  dredged spol l ,  pol luted or

otherwLse, they attempt Co ansrder the two questlons

regardlng where the materlal goes to and what happens

to lt on Lhe way. The answer to the flrst questlon is

governed by the hydrodynamLc processes taklng place in

the area of dispersal. The answer to the latter

question is governed by the physical processes of

sediments fa11lng to the bed.

The dlsposal process may be divlded into three

distinct transport phases accordlng to the physLcal

forces or processes thaL domlnate during each period.

These stages have been descrLbed by a number of

investigators Clark et al (1971), Koh and Chang

(1973),  Gordon (1974),  Brandsma and Dlvoky (1976),

Johnson and Eolliday (1978) and BokunlewLcz er al

(1978). The most coomon termLnology for these stages

ls convectlve descent, dynamlc collapse and pressure

dlf fuslon (WES, 1986).  A diagramatLe representat lon

of the transport processes during openirater dlsposal

is shown ln Flgure 1.

FollowLng release from the hopper, the dredged

material descends though the water coltmn as a well

defined jet. Durlng the descent large volumes of

water are entrained ln the jet and so the naterlaL

becomes separated from the Jet and remalns ln the

upper portlon of the water coLumn. Thls materlal may

be described as a near surface plune and would be

advected by the current from the dlsposal polnt. The

descending jet  col lapses as a result  of  iopact on the

bed and the material whLch is not deposited on lmpact

wLl1 move out radially under lts own momentum. When

suff ic lent energy has been dlsslpated mater ial  wt l l

begln to sett le rapidly on the bed. Dif fusive



2 .L

processes w111 then dominate and any remalnlng

materlal w111 be rnixed with the lower nater column.

The concentratlon of suspended sollds wl1L be lower

and settltng wiLl take place but at a much slower

r a t e .

It ls the plume of material- put into suspenslon durlng

the dlsposal process that is the subJect of this

repor t .

The obJectl.ve of the work was to create an economLc

means of predlctlng the dispersion of dlsposed dredged

materLal ln tidal- waters.

TEE TIAfEE}TATICAL ITODEL

General descrlptlon

of physical

Processes

The dLsperslon and deposltion of suspended sollds

depends malnly on advectlon by the current veloclty,

the settllng veLoclty of the sedinent and the

dlffusion due to natural- turbulence ln the flow.

Advectl.on

In a turbldlty cloud generated from a surface sourcet

the horizontal component of veloclty of a suspended

solid partlcle is deternlned by the current vel-ocity

of the water lnto wtllch it falls. Thls is known as

advect ion.

Settling velocl-ty

The vert lcal  couponent of velocl ty of a suspended

sol ld part ic le depends both on the character ist ics of

the flow, such as turbulence, and those of the

sediuent,  such as si .ze, shape and density of the



2.2 The dl f ferenrial

equatLon

part ic les and che tendency of  the sedlment  to

f locculate.  The set t l ing veloc i ty  ref lects these

p rope r t i es .

Di f fus ion

The spread of material away from a dense cloud ls

known as dl f fuslon. LongitudlnaL di f fusion is caused

by the di f ference ln veloci t les of the water at the

surface and at the bed. Lateral diffuslon determl.nes

the rate of spread of the cloud due to natural

turbulence ln the moving current. In an estuary, the

scale of turbulent eddles may be laterally restricted,

so the cl-oud may forn a long thin ribbon wtrlch spreads

sideways only slowly.

2 .2 . I  The  bas l c  equa t i on

The basic d i f ferent ia l  equat ion ls :

A  - -  a  A  A  a ^

f (ac) + ft. (duc) + ;- (dvc) - fr tao* #)

-$tuor#r.w"(c-c")=o (1)

where:

c = depth averaged concentratton (kg/n3)

d = nater depth (n)

xry = co-ordinate directLons paral1e1 and normal to

the flow (n)

urv = f low veloci ty ln the x and y direct ions

respect ively,  (n/s)

D*,Dy = Dif fusion coeff lcLents ln the x and y

dlrect l -ons respect ively (n2/s)



W" = par t l c le  fa l l  ve loc i ty  (n /s )

." = depth averaged background concentration

(tg/m 3) (c t  
" .  

)

t  =  t lne(s )

2 .2 .2  S inp l l f i ca tLon o f  the  equat ion

Equation (1) can be sinplified lf several assumptl.ons

are made. It is assumed that the velocity, depth and

turbulent diffusion remaln constant for the length of

the plume. It is also assumed that the flow ls

uni-directlonal, parallel to the x-dlrectlon and that

the material ls fully mixed throughout the depth fron

the point of  release. Concentrat lon (c) ls def ined as

the excess over the background. The basLc equatlon

then reduces to:

I*3!3")-o* t% -r-*..F(c-c")=o (z)
Ar  & "x  

& ,  
"y  

a t_

Thls partial dlfferential equation ls the continulty

equatlon for the spread of materlal frou a source.

The terms represent the rate of change of

concentratlon wLth tlme, the rate of decrease of

concentration per unLt volume by advectl.on,

longLtudlnal di f fusion, lateral  dl f fuslon, and loss of

material from suspension due to settlLng,

respect ively.

2.3 Solut lon TechnLque

2.3.L Basic solut ion for a point release

The methods of Carslaw and Jaeger (1959) can be

nodifled to solve equation 2 for the lnstantaneous

release of a slug of material into a body of water

flowing at velocity u (with flow parallel to the x

axls).  The conceotrat lon at t loe t  af ter release ls:



c ( x r y ,  t )  =

where:

a
D . D

x -  y

4 lrd, (o*oy)

p(x-ut)  2
L-T--

x

l

u 2 .* i ,  I
v

( 3 )

b 
e*P r-+

Ilr ts- -"-

mass of  substance re leased (kg)

d i f fus lon coef f lc ients in  the x and y

di rect ions respect ive ly  ( rn2/s)

Ae
-  + O
CK

boundary condLtions are:

c1  - ,  - r t ) = background for t = O

a s t + 6

Equatlon 3 gives a gausslan concentratLon profile wlth

the centre moving downstream at veloclty u (Ftg 2),

wlth a decay term to represent material falllng out of

suspension to the bed. By nultlplytng the right hand

slde of Equation 3 by the depth d, the equation can be

expressed in terms of mass, where d nuLtipl-ied by

c(xryrt)  gives the mass of uater ial  per unit  ara.

This glves a continuous solutlon for the

concentratLon, but ls l-lnlted by the constraints of

constant depth and current velocl"ty.

2.3.2 Combinat lon of solut lons

To develop a nodel whlch could predlct the dlspersl.on

of dredged material ln tldal waters the basLc solution

presented above was repearedly applied over a number

of relatlvely short time perlods throughout the ttdal

cycle. The flow depth and current velocity were

changed each time the solution was applied to



represent the t ldal  condit l -ons. The typical  length of

time for which the tidal condltions were assumed to be

constant was 15 minutes. The disperslon of the plume

of dredged material was thereby glven by the

convolut lon of discret lsed analyt ical  solut lons.

The area for whlch a solutLon is requlred is dlvided

into a grid of cells each of dLmensLons )O{ESII by

YMESII. The analytlcal solutlon (equatlon 3) is then

solved in terns of mass at the centre of each cel1.

ThLs mass, nultiplled by the dlnensions of the cell-,

ls then used as the total- mass ln the cell. It ls

assumed that the mass Ls evenly di.strlbuted throughout

the depth withln the cel-l-.

A eonblnatLon soLutlon ls made up by treatl.ng each

cell Ln the grid as a point source at the centre of

the ce1l. Each "source" spreads out lndependently of

al-l the other "sources" and therefore contrLbutes mass

to other cel-ls aceording to the discretlsed forn of

the analytical solutlon. By adoptlng a relatively

short tine lnterval it is assumed that the current

veloclty and the depth ln the spreading functlon (the

dispersion equatl.on - Equatlon 3) are constant durtng

the tlme step, but may ehange from one tlme step to

the next. The mass ln each cell- at the end of the

time step is glven by the sum of all contributlons

from other ce1ls whlch could affect lt during the time

step. The mass at the end of the time step ls then

used as the nagnltude of the point source ln that cell

for the next tLme step.

Matheuatically, every poLnt of the mass dlstrlbutLon

functLon at the start  of  a t ine step is spread out

according to the spreading function with parameters of

velocl ty and depth part icular to the t lne step. The

convolutLon of these functions gives the new mass

distr ibut lon r^rhlch is used for the next tLme step. A



mathematical  just l f icat lon for the comblnat ion of
solut lons by successive convolut ions is glven ln

Appendix A.

Due to discret is ing the cont lnuous solut lon, sma11

dLscrepancLes arise in the sum of all masses in

suspension after a t ime step. For conservatLon of

mass, the total mass in suspension at the end of the

tiue step must equal the total mass 1n suspension at

the start of the tine step minus the mass whlch has

settled out durLng that tlme step. Therefore, durlng

each tLme step a slngle rnultipllcative correctLon

factor ls applLed to every ce1l so that the condition

of conservation of mass ls obeyed.

To choose representative values for the magnltude and

dlrectLon of the current velocity and for the depth,

whl.ch are to be 'eld constant durl.ng a tLme step, the

centroid of the plume ls tracked. The val_ues of

velocity magnltude and directLon and of depth at the

centroid of the plume at the start of each time step

are used as representatLve of the whole grid area

durlng that tlne step.

2.3.3 Cal-culat lon of suspended sol- lds concentrat ion

and mass on bed

At the end of each time etep n, the concentratlon of

suspended sol lds in each gr id ce1l c"( i r j rn) is glven

by the mass in suspension in the cell at the end of

the  t lne  s tep  ^  ( t , j ,n )  d iv tded by  the  depth  o f  the- e

ce1 l  a t  the  end o f  the  t lme s tep ,  de( i rJ rn ) .

The flux of materlal settllng onto the bed 1n a cell

1s proport ional to the suspended sol ids concentrat ion

ln that cel1 at any time and the settllng veloclty of

the material. The flux dn/dt may be expressed as



2.4  Sens i t i v i t y

Analysls

g = cw
d t s

The value of the suspended solids concentation in a

cel1 changes f rom co( i r j ,n)  at  the star t  o f  a t ime

s tep  n  t o  ce ( t r j r n )  a t  t he  end  o f  a  t Lme  s tep .  The

mass whlch is deposited ln a ce1l is calculated based

on the average concentratlon ln the cell during a time

step and ls given by

nu ( l ,  j , n )  =  t  ( co ( r , i , n )  +  c . ( i ,  j , n )  )  
" "  

. r ,

where:

t., is the length of t ine step n.

For conservatLon of mass, the aum over all grid ce1ls

of mass faLllng out durLng a time step must equal the

true mass fall1ng out as glven by the decay term Ln

Equatl-on 3. That is:

hd( l ,J ,n)  = h( t ,J ,n)  [ t  -  exp (+v" t r , /d)  ]

where:

d = representatLve depth of grid area.

A number of nodel runs were made to test the

sensltivlty of the model to changes in the length of

the  t lne  s tep  t_ ,  the  d i f fus ion  coef f i c ien ts ,  D_ and' x

D--,  and the sett l ing veloci ty,  W_. Effects on bothy '  s
the suspended sollds concentratlons and the mass

deposited are observed. The results are presented in

the form of contour pl-ots of suspended sollds

concentrations and mass on the bed.



2 . 4 . I  S e n s i t i v i t y  t o  t i m e  s t e p

A set of tests was run with al l  parameters constant

except the length of a t ime step. Actual condit ions

were: gr id cel l  s ize, XMESII = 100m, YMESII = l -O0mi

depth  30m;  ve loc i ty  0 .  Ln /s  on  bear ing  180 ' ;  d i f fus ion

c o e f f i c i e n t s  D X  =  5 . 0 m 2 / s ,  D Y  =  0 . 5 n 2 / s ;  s e t t l i n g

v e l o c i t y  0 . 0 0 l r n / s .

Figures 3 to 6 show the contour plots of suspended

sol ids concentrat ions after 2 hours, comparing the

s ing le  s tep  ca lcu la t ion  w i th  mu l t i -s tep  ca lcu la t ions .

Figures 3 and 4 show that the length of the time step

general ly does not affect the f inal  solut ion

signif icant ly,  unless the t ime step is short  enough

that each cell i lsourcefr does not spread over enough

other  ce l l s  to  g ive  a  gauss ian  pro f i le .  In  th is  case

a correct ion factor to conserve mass is needed which

is no longer close to unity,  and this has the effect

of reducing the spread of the plume. This effect is

shown in Figure 6 (8 steps of 15 minutes).

Figures 7 and 8 show the mase deposited on the bed

after two hours. Due to the way the deposited mass is

calculated (using concentrat ions from the start  and

end of a time step) if the centroid moves more than

one gr id cel1 during a t ime step, a peaked effect can

appear in the mass on the bed. This is shown in

Figure 7, where the centroid has moved 180ru each time

step with a gr id size of 100m.

2 .4 .2  Sens i t i v i t y  to  d i f fus ion  coef f i c ien ts

Test nere run using ident ical  condit ions but varying

e i ther  the  long i tud ina l  o r  la te ra l  d i f fus ion

coef f i c ien t .  Ac tua l  cond i t ions  were :  g r id  ce11 s ize ,

XMESH=100n, YMESH=100m; depth varying as a plane

10



between 30m and 40rn ;  se t t l ing  ve loc i ty  0 .00 ln /s ;  t ime

step  30  minu tes  (6  t ine  s teps) ;  ve loc i ty  vary ing  each

t i u e  s t e p  a s  f o l l o w s :

0 . 0 5 u / s  a t  1 9 0 "

0 . 0 8 n / s  a t  1 7 5 "

0 . 1 0 m / s  a t  1 6 0 o

0 .  1 3 m / s  a t  1 4 5  "

0 . 1 6 m / s  a t  1 3 0 0

0 - 2 0 n / s  a t  1 1 5 o

(a) longitudinal di f fusion

Figures 9, 10 and 11 show the effect of  varying the

longitudinal di f fusion coeff ic ient,  with D-=10n 2/s,

5-21",  ln2/s respect ively.  The concentrat ion

distr ibut ions show that the rate of spreading of the

plume is significantly nodified by these changes with

substant ial ly greater longitudinal spreading for runs

wittr trigtrer values of D*.

(b )  La tera l  d i f fus ion

Figures 12, 13 and 14 show the effect of varying the

la te ra l  d i f fus ion  coef f i c ien t ,  w i th  D- -=1 .0u2/s ,
v

0 . 5 u 2 / s ,  0 . l m 2 / "  r " " p . c t i v e l y .  A g a i n ,  t h e

concentrat ion distr ibut ions show that the rate of

spreading of the plume is rnodif ied, though in this

case, changing the di f fusion coeff ic ient by a factor

of 10 does not have such a marked effect.

2 .4 .3  Sens i t i v i t y  to  se t t l ing  ve loc i ty

Tests nere run using ident ical  condit ions but with

d i f fe ren t  se t t l ing  ve loc i t ies .  Ac tua l  cond i t ions

were: gr id cet l  s ize, XMESII = 100m, YMESI{ = 100m1

depth varying as a plane between 3Om and 40m;

d i f f u s i o n  c o e f f i c i e n t s  D  = 5 . 0 m 2 1 " ,  D  = 0 . 5 m 2 / s ;  t i m e
v
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s tep  30  m lnu tes  (6  t i ne  s teps ) ;  cu r ren t  ve loc i t y

va ry ing  each  t ime  s tep ,  as  l n  Sec t i on  2 .4 .2 .

In each run, the ini t la l  concentrat lon in the start ing

cel1 was 1000ppm. Fl-gures 15 to 18 show

concentrat lons in suspenslon ( ln ppn) with varylng

sett l ing velocl t ies. In each case the plune has

spread over approximately the same total atea, but as

the settllng veloclty increases the nrmber of contour

leve1s decreases and the spaclng between them

increases, showing that the concentratlon in the

centre of the plume is lower as a result of more

material havlng settled out of suspension. The effect

ls less marked as the settllng veloclty changes from

0.0001n/sec to 0.001n/s, but ls very not lceabl-e.as Lt

changes fron 0.001n/s to 0.005u/s (Figures 17 and 18).

![ith a settll"ng velocity of 0.O0Ol m/s the

concentration at the centroid is 30-35 ppn; wlth a

sett l l -ng velocl ty of 0.005 n/s the concentrat ion at

the centrold ls only 5-10 ppn. Flgure L9 shows the

effect of altering the settl-l,ng veloclty at the start

of each time step to reflect the concentration at the

centrold of the pl-ume. The actual settllng veloclty

used for each time step llas glven by

W  = \ C  . l _ 0 - 6
s c

where

lJ"  ls  set t l lng veloc l ty  in  m/s

C^ ls  concentrat ion of  suspended sol lds at  centro id of
c

plume ln ppu.

In th is  case the concentrat lon d ls t r lbut lon ls  very

s in i lar  to  that  g iven by a set t l ing veloc l ty  of  0.0001

n/s (F ig 15) ,  wi th a concentrat ion at  the eentro id of

30-35 pprn.

t2



3 .1

Figures 20 to 22 show the distr lbut lon of mass sett led

on the bed after 180 rnlnutes, with sett l ing velocl t les

0 .005n/s ,  0 .001n/s ,  0 .0005n/s  respec t lve ly .  The mass

distrlbutl-ons each show a pear-shaped area narking the

total  spread of the plume; thls ls due to the velocl ty

dlrection which changes in the slx time steps from

190"  to  115o.  The increased se t t l lng  ve locL ty  causes

more mass to be deposited, part icular ly around the

startl,ng polnt of the plume as shown by the rnany

tightly-packed contours around the starting polnt in

Fig 20, where the sett lLng veloctty ts 0.005 rn/s.  As

the settling veloclty decreases, there are fewer mass

contours and the mass is less spread out (FLg 22,

sett lLng velocl ty 0.0005 n/s.  Figure 23 shows the

effect of making the settling velocity proportional to

the concentratLon at the centrold (as ln Fig 21).

When FLgure 23 ls compared with Flgure 22, which has

the same contour lnterval, Lt can be seen that the

decreasl.ng sett l lng veloci t les of Figure 23 eause

l i t t le mass to be deposited.

APPLICAf,ION OF THE AODEL

Introduction

The model described in the report was developed to

predlct the dlspersion of dredged material whlch ls

disposed of at  open water si tes. Accordingly,  as a

means of demonstratlng the practical applicatlon of

the nodel a run was made based as closely as posslble

on the data obtained fron the field work conducted on

the disposal of dredged materLal in Tees Bay (De1o and

Burt,  1987).  The locatLon of the Tees ls shown ln

F lgure  24 .

The material dredged from the River Tees estuary as a

result  of  maintenance dredging operat lons ls disposed

of at the Tees and llartl-epool Port Authority (TIIPA)

d isposa l  s i te  in  Tees  Bay ( f ig  25) .  Th ls  s i te ,  known

13



3 .2  I npu t  Da ta

as the Inner  Disposal  Si te,  is  some 8km of fshore in  a

water  depth of  25-35n and has an area of  approximately

4 .6k ro2 .  On  ave rage  abou t  1 .7  m i l l i on  cub i c  me t res  o f

d redged  ma te r i a l  pe r  annum i s  d i sposed  o f  a t  t h i s  s i t e

by TI lPArs three dredgers.

The area of  the Nat ional  Gr id covered by the model  is

shown in F igure 26,  wi . th  the re lat ive posi t ion of  the

Inner Disposal  Si te and the area covered by the

con tou r  p lo t s  o f  r esu l t s  f r om the  mode l .

The bathynetry was idealized as a plane varying froo

20m close to the SI,l boundary to 46m near the NE linit

of  the disposal s i te.  The sect ion of this bathymetry

within the area covered by the contour plots of

results is shown in Figure 27. Figure 28 shows the

typical  t idal  var iat ion of water leve1, relat ive to

Lowest Astronomical Tide (Uf).

The nagnitude of the veloci ty for a t ime step was

given by the discharge divided by the depth at the

centroid at the start  of  the t ine step. The discharge

against t ime relat ive to high water is shown in Figure

29. The direct ion of the veloci ty against t ine is

shown in Figure 30 and was derived from current meter

d a t a .

The model was run for an ini t ia l  concentrat ion of

200pprn start ing at point 462100E, 532400N, near the

centre of the Inner Disposal Area (see f ig 26).  The

mode l  was  s ta r ted  2  hours  a f te r  low water  ( i .e .  8

hours after high water).  The longitudinal di f fusion

coef f i c ien t  l ras  taken to  be  5 ,0 rn2 ls  and the  La tera l

d i f fus ion  coef f i c ien t  l ras  se t  to  0 .5n2/s .  The

set t l ing  ve loc i ty  used was propor t iona l  to  the

L4
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c

c

concentration at the centroid of the plume aL the

beginning of  a t ime step,  g lven by

W  = \ C  . 1 0 - 6
s c

where

is  set t l ing veloc i ty  ln  n/s

ls concentration in ppm

unt l l  Lt  decreased to 0.03nn/s, af ter whlch the

sett l ing veloci ty was constant at 0.03nn/s.

The length of the time steps lras not a constant but

was derLved in conJunctlon wlth the current velocLty

at the partlcular period durl.ng the tide to give an

advectlon of the centroid of the plume of 200m.

The model ltas run until- the concentratl.on at the

centrold fel1 below 20ppn. Contour pl-ots of the

concentratlons ln suspenslon are shown for 33 minutes

and 63 mLnutes after dLsposal ln Fl.gures 31 and 32

respectivel-y and for the flnal dlstrlbutlon (83

mlnutes after dlsposal-) when the concentratlon at the

centrold had fal-len beLow 2oppn (Fig 33).

The dlstrlbutlon of mass on the bed at the end of the

run (when Ehe centroLd concentration was less than

20ppn) Ls shown ln FLgure 34. The masses are glven as

proport lons of the or iglnal  mass. The total  mass on

the bed is approxlmately O.5"4 of the starting mass.

Most of the mass had fal-len out rdlthin 300n of the

polnt of  release.

3.3 Results

1 5



4 .L

CONCLUSIONS AI{D

RECOUMENDATIONS

Concluslons

A computational model was devel_oped to predict the

dlspers ion of  dredged mater ia l  a t  open water  sLtes.

The nodel was based on an analytlcal solution of a

s inpl i f ied d l f ferent ia l  equat ion which descr ibed the

spread of uaterial from a source. It rdas assumed that

the current velocity, depth of f low and turbul_ent

diffuslon remaln constant for the length of the plume,

the flow was parallel to the x-direction and the

material was fully mixed throughout the depth.

The sl-mpllf ied differentlal equation had terms which

represented the rate of change of suspended solids

concentratlon with tlme, the rate of decrease of

concentration per unit vol_ume by advection,

longitudinal diffusLon, lateral dtffusion and loss

of oaterlal from suspension due to settl lng.

A technlque of convolutlng sol_utions was implenented

to enabl-e the uodel to represent changes in the

current dlrectLon and water depth during a tide and

the effect of eoncentratl.on of suspended eollds on the

settl lng veloclty. Durlng a partl_cular t ime step all

the parameters were held constant but were changed

from one tLme step to the next accordl,ng to the tldal

conditions. The results from the nodel lrere presented

as contoured pl-ots of suspended soli.ds concentratLon

and deposl ted mass.

The sensitlvlty of the model to the tLme step,

d i f fus ion coef f ic lents and set t l lng veloc l ty  of  the

mater ia l  were invest igated.  The length of  the t ine

sLep d ld not  af fect  the solut lon except  for  re lat ive ly

short t lme steps in whLch the distance advected was of

the same magnl tude as the cel l  s ize.  Longi tudinal

r6



4.2 Recommendat ions

d i f f us ion  was  seen  to  have  s ign i f i can t  e f f ec t  on  the

spreading of  the p lume. The ef fect  of  the la tera l

d i f f us ion  coe f f i c i en t  was  l ess  marked .  The  resu l t s

were shosn to be qui te sensi t ive to the set t l ing

ve loc i t y  o f  t he  ma te r i a l .

A pract ica l  appl icat ion of  the model  was made to

demonstrate i ts  funct ion.  The Tees Bay Inner  Disposal

Sice was selected as th is  r ras the locat ion of  prev ious

and  cu r ren r  f i e l d  s tud ies  o f  t he  d i spe rsa l  o f  d redged

material. One run of the model was made and the

pat tern of  deposi ted mass on the bed was presented.

I t  is recomended that the model is tested against

data obtained from dif ferent f ie ld si tuat ions with

di f ferent hydraul ic and sediment character ist ics.

L 7
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APPENDIX A

A general convolution whlch spreads out a function

fo(x ,v )  can  be  wr i t ten :

* o  * o

f  1 (a ,b , t )  =_ l  
_1 t " , " ,y )s (a-x ,b -y , t )  

dx  dy  (A1)

where S ls the spreadlng function whlch is convolved

wlth the o1d dlstributlon fo to obtaLn the new

dls t r lbu t lon  f ,

For this partlcular model, the spreading functlon ls

' l  
r (a-ut)  L6 2 . l

S ( a , b , t )  =  e x p  |  ) * -  
- - '  

-  t
4,t(%D/t 

exP l atit- Eo, I

-wr
."P{+ } t lz l

Thls ts equat ion 3 of sectLon 2.3.1, wri t ten in terms

of mass. The gausslan parts are normallsed so that

the overal-l change Ln total suspended mass depends

only on the decay term.

*o *o -Id t
t "_ l *_ j  s t r ,U, t )  da db = exp {  +  }

The convolutlon ls now

f  r ( a r b r t ) =

* c o  * o

_i _i rro{*,',#Jl .*{-ffS'1
-lil r

r  S  l ' r."p t  t l l  dx dy (A3)



In  order  to just l fy  the comblnat ion of  so lut lons Ln

Sect ion 2.3.2 we need to show that  f  ,  obta ined by

putting t=2T and perfornLng one convolution 1s the

same as f , ,  obta ined by put t lng t {  and convolv ing to

obtaln f 1, then performlng a second convolution on f 1

t o  o b t a i n  f , , .

l . e  f  , ( a , b , Z T )  
=  f  , r ( a , b , T )

The ln i t la l  d is t r lbut ion of  mass fo(xry)  1s a point

release which can be represented by a delta function

{xry) ,  which has the value 0 except  at

(a rb )= (Oro )  whe re  l t  has  t he  va l -ue  1 .

First conslder the single convoLution wlth t=2T:

* o  * o

r 2(a'b'Zr):j 
I 

u*'t'-**h5*

-(a-x-2uT) 2 -(t-y) 2 q,t 2t
Te"p t .An''; 6, l .*p t +- ldx dy (As)

Because of the propertles of the delta function, thls

ls  Jus t

I  ^_-_  r - (a -2uT)2  -  a2  Ir 2(a'b'2r)--JE exn { ff% srDy ,B d r ( D  _ y ,

-2I^f T
exp {-+- } <rol

Next consider the successive convolutlons with t=T:

The flrst convolution, with x and y lntegrated from --

t o  * o  i s :



* -  * -
r  r(a,b,r)=_: 

:6(x,y) tr-F

-(a-x-uT) z -16-y1z w-t
exp { --- Tm- u'# } "*p { +- } ax ay (A7 )

x y

1 - (a -uT)  2  -  62  - t l - t
= - L exp { -tmD- -m'- } .*p { +- } <es )

4 rtr(D,-D--)' x y' x y -

as 6(xry)=0 except at x=0, ;r=0.

The second convolution is

f  , r (a ,b ,T)  
=  

I I  t  L (x ,y ,T)  s (a -x ,b -y ,T)  dx  dy

exp fH 1la* ay

1_----_:E-

41t r (D D )2x y

dx dy

= If i--L -L exp{-#* , '#, }
4f f (DxDy)2

{ , [T  1  - (a -x -uT)z -16 -y7z
exp{  s  

t  - . *p{ar -D-  Eo- }d 4 r tr  (DxDy) '  - 'ux - 'uy

RearrangLng the right hand sLde gLves

f  , r (a,b,r)= / t t  
**r ,

-2W T
."p { -* - }

exp {-(;#r)-t(a:x-ur)2 # 
-f,F;z)j}r

x x y y

(Ae)

( A 1 0 )

Make the subst l tu t ions:



^ a Lp= /2x - 
| , l, =Q y - 

T-

* ^ -  d p  = { 2  d q  = Arnena;  ,  f r  (A11)

The lntegral l irnlts are unchanged as lntegrating x

f rom --  to  *o means that  p ls  ln tegrated over  the

same range.  Sin i lar ly  for  q.

Nowp2=2x2-2a*-+

and with some rearrangement

o 2 +  
( a : 2 u T ) 2  =  ( x - u T ) 2 +  ( a - x _ u t ) 2  ( A 1 2 )_T-

Sini lar ly q2 = 2y2 -  zAy -  
+

^  r r 2
and q2 + ;-  

= y2 + (b-y) 2 larf  ;

Uslng ,Bquations Al-2 and A13 ln the integrand of

Equation A10 and makLng the substLtutl.on, lre get

o co -2I^I T
f , r (a,b, r )= I  I t . : * - . t  expt-={ t

g=_-rp=_- 4 ,tr(DxDy)

"*o {-,!=' - (";3lt) 2 - * - -* }
4 * T(D_-D--)L 

---' 
%TDx 4TDx 4TDy 2 (4TDy

' x y -

-gs gs-
lT iz

(A14)

Taking the constant factors outslde the lntegral and

re-arranging thls equatlon to separate the varLables

g ives :


