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ABSTRACT

Both the short-term and long-term Eovementa of dredged materlal disposed of
at open yater eLtee have slgnl,flcane ecologlcal aod englneerlng lmportsoc€.
In the short-term, the nature of the descent of the macerlal as lt Ls
released from the hopper and falle towards the sea bed and the l-nltlal
spreadlng of the materlal shen lt lmpacte on the sea bed can have a
slgnlflcant effect on the desirablltty of a partlcalar ground for the open
wat,er dlsposal of dredged materlal. For example, entralnnent of flne
eedl.ments from the descendlng p!-ume lnto the surroundlng satera and thelr
subeequent removal by currentc Eay se1l. have detrlmental consequencea on
reasonably dLstant locatl-ons.

To Lmprove and extend the exlstlng practlcal knosledge on dlspersal an
extenelve fleld ererclse sas undertaken ln cooperatloo elth the Tees aad
Eartlepool Port Authorlty ln Jrrne 1985. fhe obJectlves were:

(1) To lnvestlgate the feaslblllty of varlous lnstronentatLoo (1n
partlcular hlgh resolutlon eon'ar) to Bonltor the short tern dlspersal
proceas of dumped dredged material.

(2) To deternlae the concentrat'fons of certain heavy uetals attached to the
sedlmente ln the hoppers of the dredgers and on the bed of the dleposal
s l te .

(3) To measure the deneity structure and partlcle aLze dLstrlbution of the
dredged materlal durLng the dredglng operatlon.

The bLgh resolutloo sonar wae foond to be very effectlve when deployed Ln
certain orlentatlons. The tlne varylng velocity of the approachlng save
froat near the bed waa meassred uslng the sonar la foar of the trlneEeen
dlecharges of dredged naterlal. A vertlcal stack of three Parteeh euepeaded
eollds conceutratloo Eetera sere ased to quantlfy the helght of the bed gave

at a fhed dlstance froa the dlsposal slte. The Eydraullca Besearch Sapld
Drop Profiler sag ueed to Beaaure the sollda concentratlon proflle throngh
the yater colnmn at varlous tlmes after dieposal.

Samplee of materlal sere taken frou the bed of the dlsposal elte and from
the hopper of the dredger. Analysls of the metal concentratlon on the sllt
fractlon of the eauplee lndlcated that the conceatratlona of lronr mangaoeae
and cobalt respectlvely sere slmllar for the dlaposal slte and hopper

The denstty structure of the materlal ln the hopper saa measured at varlous
atages of the dredglng operatloa. Inltlal denelty proflles (1e, when the
hopper flrst reached full capaclty) lndlcated that there sas llttle
varlatlon in the denelty rlth depth, except for the loser ln Ln rtrleh the
deneLty lncreased rnarkedly tolvards the bottom of the hopper. Changes ln che
denslty atructure sere ldeutlfled darlng the overdredglng perlod and the
subsequent transportatloo perlod.
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INTRODIICTION

1.1 Background

L . 2  O b j e c t l v e s

Both the short-tern and long-term movements of dredged

mater ia l  d isposed of  at  open water  s i tes have

signi f icant  ecological  and engineer lng lnpor tance.  In

Ehe shor t - terno,  the nature of  the descent  of  the

mater ia l  as i t  l -s  re leased f rou the hopper and fa1ls

towards the sea bed and the lnlt ial spreading of the

mater ia l  when lL impacts on the sea bed can have a

signl f lcant  ef fect  on the desi rabl l l ty  of  a par t icu lar

ground for the open hrater dlsposal of dredged

materi.al. For example, entrainment of f ine sedlments

f ron the descendlng p lune into the surrounding waters

and thelr subsequent removal by currenEs may well have

det . rLmental  consequences on reasonably d is tant

l oca t l ons .

In the long-tern, movement of the material on the sea

bed is  par t lcu lar ly  lnpor tant  wl th respect  to  the fate

of heavy metals absorbed onto the sedlments.

To Luprove and extend the existlng breadth and depth

of practlcaL knowledge acqutred by Eydraullcs Research

ln  p rev lous  research  s tud les ,  an  ex tens lve  f le ld

survey exercLse was planned and conducEed. The survey

took place on the Tees wLth the cooperatlon of the

Tees and Hart lepool Port  Authorl ty ln June 1985 (see

F l g  I  f o r  l o c a t l o n ) .

The f le ld s tudy had chree object lves,  whlch were:-

(1 )  To  Lnves t i gace  the  feas ib i l l t y  o f  va r i ous

instrumenEat ion ( in  par t lcu lar  h igh resolut lon

sonar)  Eo moni tor  the shor t  ceru d ispersal

process of  dumped dredged mater la l .



f . 3  Me thodo logy

SEORT TERU

DISPERSION

2 .1  VLsua l i sa t i on

o f  d i spe rsa l

( 2 )  T o  d e t e r m l n e  t h e  c o n c e n t r a t i o n s  o f  c e r t a i n  h e a v y

meta l s  a t t ached  Eo  the  sed imen ts  i n  che  hoppe rs

of  the dredgers and on the bed of  the d lsposal

s i t e .

(3 )  To  measu re  the  dens l t y  s t ruc tu re  and  pa r t i c l e

s i ze  d l s t r l bu t l on  o f  t he  d redged  na te r i a l  du r i ng

the  d redg ing  ope ra t i on .

The dtscharge of nlneteen loads of mater l .al  dredged by

two t ra l l ing  suc t lon  hopper  d redgers  were  mon l to red  by

a Mesotech hlgh resolut lon sl .de-scan sonar,  a Raptd

Drop Prof l ler and a stack of three Partech heads (Ftg

2>. These lnstruments rrere mounted on tlro aurvey

cra f ts .  The dens l ty  p ro f l le  ln  the  hopper  was

measured usLng a Harwel l  t ransmLsslon probe. Casel la

bottle samples and grab samples urere taken of the

rnaterial l-n each hopper load. Grab sarnples were aLso

taken on a grLd ln the dlsposal s l- te.

The shor t  tern d lspersLon measuremenEs were carr led

out  in  shal low water .  Deta l ls  of  the bulk welght  of

each drop and the t lde condi t lons are g iven I -n

Tab le  1 .

Sonar is  a system by which objects and features on the

seabed can be ldent l f ied.  I t  achieves th is  usLng a

transducer which emits  htgh f requency,  h igh in tensl ty

pulses of sound whlch reflect off the seabed and are

received back by the t ransducer.  The assoclated

electronics analyses the return s lgnal  and produces an

lmage .



The sonar system used for thls exerclse comprlsed a

portable l lghtwetght  sonar head unlE connected to a

con t ro l  s ta t . l on  onboa rd  the  su rvey  c ra fE  v ia  an

underwater  cab1e.  The head unl t ,  whlch was suspended

from the stern of  the survey crafE,  employed a s lngle

t ransduce r ,  capab le  o f  r oEac ing  t . h rough  a  f u l l  360 " ,

or  through arcs of  30o.  The Eransducer ldas mounEed on

a cy l indr lca l  head enclos lng the c l rcu l t ry  for

conErol l i r€  Che moveoent  of  the t ransducer and for

cransmlt t lng and receiv lng Ehe acoust lc  s lgnal .  The

head rotaced in Lncremente of  0.225",  t ransml ' t t i rg  ard

receLvLng a 675H2 slgnal each increoent- The

transducer was provlded wl th a swl tchable opt lon f rom

1 .7 "  x  30 "  f an  beam,  t o  a  1 .7o  cone  beam and  had  a

noninal lOOrn range.

At  the contro l  s tat loD a Processor  recelved the return

s lgnal ,  recording and lnterpret t rg l ts  s lantr  range

and  l nEens i t y .  The  p rocesso r  d lg l t l zed  the

ln tens l t l es  Eo  I28  d i sc re te  co lou r  l eve l s  wh i ch  we re

dlsplayed on a acreen.  For  the purPose of  rh ls

exercLse the d isplay was recorded on v ldeotaPe to

fac l l i ta te subsequent  analysLs.  The s idescan aonar

was used ln var lous or lentat lons and depths for  drops

1 6  -  2 1 .

The f l ,ve or ientatLons of  the s ldescan 6onar used ln

th l s  s tudy  a re  shown  l n  F lgu res  3 (a )  t o  (e ) .  Typ l ca l

examples of  the type of  output .  d lsp layed on Ehe screen

dur lng che nonLtor lng of  a dunp are shown ln Plates 1

t o  5 .

From the 6onar images recorded as the head rocated ln

a ver t ica l  p lane fo l lowlng a l lne between l tse l f  and

the dredger,  two profL les of  the mud ldave were t raced'

The f l rs t  was as the d ischarge f rom the dredger

commenced and the second was af ter  approximately  90

seco rds .  A  p rob lem w l th  us ing  the  sona r  i n  t h l s

manner  i s  t ha t  t he  scann ing  head  ro ta ted  a t  a  l ow



2.2  Ve loc l ty

bed wave

o f

speed  re la t i ve  t o  Ehe  ra te  a t  wh i ch  the  mud  wave

advanced.  Therefore,  by c.he t ine the sonar has done a

complete scan the mud wave at the end of the scan had

moved  a  cons ide rab le  d l s tance .  Th i s  made  L t  d t f f l cu l c

Co obta in an accurate p lc ture of  wtrat .  was happenlng.

Nevertheless,  the f ind ings f rom the exerc lse supported

the current  v lew regardlng the spread of  a hopper

re lease beneath the polnt  of  d lscharge,  le ,  the

nater la l  tends to mound up at  the point  of  impact  and

then  f l ow  ou t  rad ta l l y  t o  a  deg ree  commensu ra te  w i t h

the  d redged  ma te r l a l  compos lE lon .  A  fu r the r  f ac to r

was the short perlod of t lme avallable followlng

dlsposal ,  due to the speed of  the event ,  durLng which

usefu l  measurements could be made.

The sonar was found to be very effective when deployed

in  ce r taLn  o r i enEa t i ons .  I n  pa r t l cu la r ,  l t  was

possib le to measure the speed of  propagat l "on of  the

wave f ront .  to  a h lgh degree of  accuracy.  WiEh Ehe

sooar head ln a sEat ionary horLzonta l  posi t lon and ln

the centre of the channel faclng towards the dredger,

four  dredger drops,  nrmbers 11,  12,  15 and 15 were

monLtored. From sonar Lmages whlch showed the

d i s tance  o f  t he  wave  f ron t  l r l t h  t lme ,  Ehe  ve loc t t y  a t

a number of dlstances could be obtalned frorn the slope

of  the Lmage.  F lgure 4 shows the change ln veloc i ty

of  the wave f ront  for  drops 11,  12,  15 and 16

respec t l ve l y .  The  ove ra l l  t r end  l s  s l n i l a r  i n  t ha t

the veloc l ty  reduces steadi ly  wi th dLstance f ron the

dred.ger .  By extrapolat lon by eye through the points

l t  ls  possib le to lndicate the l ike ly  maximum disEance

that  Ehe wave t ravel led ( ie ,  the ln tercept  for  zero

ve loe i t y ) .  The  mean  va lue  l s  i n  t he  reg ion  o f  50  -

7 0 m .



2 .3  He ighc  o f  wave

The suspended sol lds concentraElon was measured

opEica l l y  by  chree  ParEech sensors  suspended f rom the

survey  c ra f t  wh lch  a lso  car r ied  the  sonar  sys ten .

Durlng drops 6 -  L4 the sensors were arranged at lm,

4m and 7m above Ehe bed. Al l  the sensors nere set on

a range of 0 -  10,000ppn. However,  dur ing these drops

lt. was noted thac at the t,ime t.he boEtom sensor wenc

offscaLe the two hlgher 6en6ora were st i l l  recordlng

an l -nsLgn i f i canE concent raE lon .  There fore ,  fo r  d rops

15 - 21 the poslt , ions of the sensors nere adJusced to

lm, 2m and 3n above che bed.

The tlne taken for the bed vave to reach the Partech

sensora, ldent l f led by an offscale reading, was

recorded together wlth the dlsEance between the

dredger and survey craft .  Results of four drops are

glven ln Table 2 ln which the mean veloclty up untll

the wave passed the sensors ls also calculated. The

mean veloci t l -es vary ln the range 0.36 - 0.83n/s. The

lowest mean velocl ty of 0.36rn/s was rneasured over a

dlst ,ance of 65n from the dredger and would l rdlcate

that the bed wave was probably alnost stat,l-onary by

the t lme l t  reached the Partech lnstruments.

A cornparlson of the average velocltles recorded by the

6onar and the Partech aensors was made for drops 15

and 16 (Tab1e 3).  I t  Ls seen that che f lgurea coupare

favourab ly  cons lder lng  the  pracElca l  d i f f i cu l t ies  o f

the  measurements .

The Hydraul ics Research Raptd Drop Prof l ler  (RDP) was

deployed'dur ing seven of  the d lscharges of  dredged

nacer la l  f rom the dredger t .o  measure suspended sol ids

concentrat . ion throughout  the water  co lumn. The

inscrument  general ly  wenE of fscale when ic  reached the

mud save which enabled the helght of the mud wave co

be  de te r rn lned .  P ro f l l es  we re  Eeasu red  a t  an  i nce rva l



,, /, Appra i sa l  o f

shor t  tern

moni tor l -ng

techniques

o f  I  m inu re  and  the  d i s tance  f rom the  d redged  ma te r i a l -

d i scha rge  va r i ed  f ron  4Om to  lBOm downdr i f t .

The  p ro f l l es  l - nd i ca ted  tha t  c l ose  to  t he  sou rce  the

mud wave was c lear ly  detecrable and passed as a h ighly

concenEra ted  pu l se  o f  ma te r i a l .  l l oweve r ,  p ro f i l es

fur ther  f rom the source showed more d ispers ion through

the rdater  co lumn.

Rapld Drop ProfL ler  daEa f ron drop 16 showlng the

he lgh t  o f  r he  mud  wave  and  t i ne  l s  shown  l n  F igu re  5 .

This data lndicates that  the mud wave f ront  had

already probably passed Ehe Rapid Drop Prof l ler ,  by

the cLne the f l rs t  readlng (af ter  Ewo mlnutes)  was

taken as th is  gave a height  of  0.7n.  Dur lng the

fo l lowlng 15 mlnutes the height  of  the mud wave as

de te rm ined  by  t he  RDP va r l - ed  f rom 0 .0  t o  1 .7n .  I t  l s

probable that much of thts varLatl.on can be att.rlbuted

to the rnethod of  measurement .

A tine series of the output from the Rapld Drop

Prof l ler  dur lng drop 18 is  shown ln F lgure 6.  The

serLes of  f lgures show the passage of  a d lspers ion

cloud in the upper Bu of  Che water  co lumn between

T = 4 mins and T = 14 mins.

The high resolutLon sonar was found to be very useful

in  v isual is ing the p l t rme of  mater ia l  as i t  was

d i scha rged  f rou  the  hoppe r .  The  sona r  was  ve ry

e f fec t i ve  when  dep loyed  i n  ce r ta in  o r l en t . a t i ons .  I n

pa rC icu la r ,  i n  a  head -on  pos i t i on  t o  t he  app roach ing

mud wave l t  enabled the veloc l ty  to be accuraEely

de te rn lned .  The  s low  speed  o f  r o taE lon  l n  l t s

s idescan mode was,  however,  a considerable



EEAVY UETALS

ATTACHED TO

SEDII,TEITT

3.1 Measurements

3 . 2  D i s p o s a l  s i t e

disadvantage.  Nevertheless,  th is  f ie ld s tudy exerc lse

has provided valuable exper ience of  h igh resolut ion

sona r .

The Partech and Rapid Drop Profller lnstruments were

sat isfactory and should be used again in the future

surveys  as  requ i red .

Samples were taken f rom the bed of  che d isposal  s l te

and from the hopper of the dredger. Each sample was

analysed for  the concentrat ion of  s lx  heavy metals  and

for  par t lc le  s ize d is t rLbut lon.  The heavy metals  were

copper (Cu),  zLnc (Zn) ,  l "ead (Pb),  l ron (Fe) ,

manganese (Mn) and cobal t  (Co).  The analys is  was

carr ied out  on the s l l t  f ract ion of  the sediuent

( i . e .  <  63  p ) .  W iEh in  t he  d l sposa l  s l t e ,  g rab  samp les

were taken on a 500m gr td at  33 d i f ferent  locat ions as

shown ln F igure 7.

Both grab samples and cassel la  bot t le  samples were

taken ln the hopper dur lng the d lspers lon tests.  In

al l ,  20 grab samples and 36 bot t le  samples were

obta lned.  These are ldent i f ted wi th the drop number

l n  T a b l e  4 .

The  resu l t s  o f  t he  s i ze  d i s t r l bu t l on  ana l yses  o f  t he

grab samples taken 1n the d isposal  s i te  are gtven 1n

te rms  o f  Z  s l 1 t  con ten t  ( i e ,  f r ac t l on  o f  samp le

<  6 3 p u ) ,  D 5 0  ( 1 e ,  m e d i a n  p a r t l c l e  s i z e )  a n d  D 9 0  ( i e '

par t lc le  s ize for  which 9O"l  of  sample ts  snal ler)  i -n

Tab le  13 .  The  Z  s i l t  con ten t  o f  eaeh  g rab  samp le  i n

the  d i sposa l  s i t e  l s  shown  l n  F igu re  16  i n  wh i ch



c o n t o u r s  o f  e q u a l  Z  s i l t  c o n t e n [  h a v e  a l s o  b e e n  d r a w n .

The  gene ra l  E rend  l s  an  l nc rease  l n  Ehe  Z  s i l t  con ten t

w i th  t he  downward  s lope  o f  r he  bed  i n  t he

no r th -eas te rn  d i recE ion .  A t  t he  r res re rn  edge  o f  t he

d i sposa l  s i t e  wh i ch  has  che  sha l l oq resc  waLe r  depch  ac

a round  27n  LAT  the  s i l t  con ten t  l s  i n  Ehe  reg ion  o f

O -  2O"1.  Towards the nor th-east ,ern boundary where the

dep th  l s  34n  LAT  the  s i l r  concen t  t s  nuch  h lghe r  a t  40
-  607 " .

The  resu l t s  o f  t he  heavy  ne ta l  concenEra t i ons  on  t . he

s l l t  f r ac t l on  o f  t he  g rab  samp les  t aken  f ron  the

d redged  naEer ia l  d i sposa l  s l t e  a re  g l ven  i n  Tab le  5

and  l n  F lgu res  8  -  f 3 .  The  mean  concen t ra t l ons  o f  t he

s l x  heavy  me ta l s  l n  round  f l gu res  a re :  Cu  =  l 5oppm,  Zn

= 400ppm, Pb = 210ppm, Fe = 49000ppn,  Mn = 600ppn and

Co  =  16ppn .  I n  t e rms  o f  t he  s ta rda rd  dev la tLon  o f  t he

concentrat . ions,  the neta ls  copper,  zLnc and lead show

much  g rea te r  va r l ance  i n  p ropo rE lon  to  t he i r  mean

value than the Becals i ron,  manganese ard cobal t .

The  spa t i a l  d l s t r i bu t l ons  o f  t he  sLx  heavy  me ta l s  ove r

the  d l sposa l  s i t e  (F lgs  8  -  13 )  a re  seen  to  f o l l ow  a

b road l y  s l . n i l a r  paE te rn .  Nea r  Ehe  cen t re  o f  t he

disposal  s l te  there is  a reglon of  htgh coneentrat ,Lon

of  a l l  the heavy metals .  Along the nor th east

bounda ry  o f  t he  d l sposa l  s i t e  t he  concenEra t l ons  a re

gene ra l l y  l ower .

The  s in i l a r i t i es  1n  the  d i s t r i bu t l ons  o f  t he  g roups  o f

me ta l s  coppe r ,  z i nc  a rd  l ead ,  and  i . r on ,  nanganese  and

coba l t  i s  l l l us t ra ted  l n  F igu res  14  and  15

respect ive ly .  For  each set  of  Ehree heavy metals ,  the

concentrat lons of  the indiv idual  roeta ls  have been

no rma l i sed  to  t he l r  mean  concen t ra t l on  ( see  Tab le  6 )

and  p lo t t ed  w l th  t he  concen t ra t l on  o f  one  ne ta l  l n

descend ing  o rde r .  The  c loseness  o f  t he



points l r l  F igure 14 and a lso ln  F lgure 15 indicate a

Strong corre lat ion of  the concentrat lons wi th in each

of  the two groups.

The degree of  corre lat ion between each of  the s lx

heavy metals and the % sLLt. eontent is given in Table

7 in  the forn of  l inear  regression corre lac lon

coef f ic ients for  each pal r  of  paramecers.  In  broad

tenos,  there ls  a very h igh corre lat ion between the

metal  concentrat lons of  copper ,  zJ:nc and lead,  and

between the metal- concentratlons of iron and

manganese.  Cobal t  has lower regresslon coef f ic l -ents

w i th  a l l  t he  o the r  me ta l s .

The under ly ing d l f ference between Ehe two groups of

heavy metals may be explalned wlth reference to

Table 8 whlch gLves a compar ison of  the means of  the

six  metals  for  the sanples taken by grab ln  the

dlsposal slte and for the samples taken by grab and by

cassel la  bot t le  ln  the hopper.  The most  s t r lk ing

feature of  these resul ts  ls  che remarkable s in l lar i ty

ln the mean value of the sanples taken ln the hopper

and on the bed of  the d isposal  s i te  for  Lron,

manganese and cobalt. Thls nay be lnterpreced as

imply ing that  the concentrat lon of  these heavy Eet .a ls

l s  l ndepeoden t  o f  t he  d i s t r i bu t l on  o f  s l ze  w l t h ln  t he

samples.  This ls  shown by the concentrat lons of  the

t \ ro sets of  samples taken ln the hopper whlch had

qu l t e  d l f f e ren t  s l ze  d i s t r i bu t l ons  and  ye t  gave

s ln l l a r  concen t ra t l ons .

On the other  hand,  the mean concentrat .Lons of  the

other  three metals  (copper,  zLnc and lead)  are not

sl-ml1ar for the samples taken ln che hopper and on the

bed  o f  d i sposa l  s i t e .  Howeve r ,  t he  concen t raE lons  l n

the  d i sposa l  s i t e ,  che  hoppe r  g rab  samp les  and  the

hopper bot t le  samples are ln  the same rat lo  of

a p p r o x i m a t e l y  1 :  1 . 8 : 2  . 5 .



3 . 3  H o p p e r

3.4  PercenEage

conten t

s i l t

The  de ta l l ed  concen t ra tLons  o f  t he  s i x  heavy  me ta l s  o f

the samples taken ln the hopper are shown in Tables 9

and  10  fo r  t he  g rab  samp les  and  bo t t l e  samp les

respec t l ve l y .  I t  i s  l n te res t l ng  t o  no te  t ha t  t he

va r l ances  l n  bo th  se t s  o f  f l gu res  a re  re la r i ve l y

Ia rge r  f o r  t he  t h ree  ne ta l s  coppe r ,  z i nc  and  l ead .

However,  overal l  the var iance of  the concentrat ,Lons

are less than those measured tn the d isposal  s l te .

Thls ls  probably due to the fact  rhar  rhe marer la l

wh i ch  was  d redged  du r i ng  the  f i e l d  exe rc l se  came f rom

one  pa r t i cu la r  a rea  o f  Ehe  Tees  es tua ry ,  whe reas ,  t he

na te r i a l  i n  t he  d l sposa l  s l - t e  compr i sed  maEer ia l

dredged f rom many locat lons throughout  the escuary.

T h e  r e s u l E s  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e

s i x  meEa ls  and  % s t l t  con ten t  a re  g l ven  l n  Tab les  1 l

and 12 for the hopper grab sanples and bottle samples

respect lve ly .  For  the grab sanples i t  ls  seen that

i ron does not  corre late wi th any of  the other  metals

o r  w i t h  t he  s l l t  con ten t .  Whereas ,  f o r  t he  bo t t l e

samples Lron corre lat .es wel l  wl th copper,  z lnc,  lead

and cobal t  and less wel l  wl th nanganese.

The s lze d is t r lbut lon of  the sanples taken in the

disposal  s i te  are summarlsed tn Table 13.  The

pe rcen tage  s11 t  f r ac t . l on  and  Ehe  pa r t i c l e  s i zes  D59

and D 90 are g lven.  Sin l lar ly ,  Table 14 shows the

summary of  the s lze d is t r ibut ions for  the grab samples

taken  i n  t he  hoppe r .  L i kew ise ,  Tab le  15  g i ves  t hese

values for  the bot t le  samples Eaken ln the hopper.

The percentage s i l t  f ract ions of  the samples taken Ln

the  d i sposa l  s l t e  a re  a l so  shown  l n  F lgu re  16 .

Con tou rs  o f  equa l  s i l t  f r acc ion  i nd i ca te  t ha t  i n  b road

terms,  the samples f rom Ehe areas wiEh htgher

bathyrnetry  are re lat ive ly  coarser .

1 0



EENSITY STRUCTURE

OF ITATERIAL IN

EOPPER

4.1 Methodology

4.2  Resu l ts

For drop numbers 2 to 21 the denslty prof i le of the

naterial ln the hopper was measured as soon as the

hopper became full and then subsequently after

overdredgtng had ceased. The densl-Ey was determined

at a O.5m lnterval throughout the 7n depth of the

hopper uslng a IIansell radloactive cransmlsslon probe.

As prevlously mentioned, grab samples and bott le

samples were taken from the materlal Ln the hopper.

The denslty prof l les were lntegrated over the depth of

the hopper to glve a mean bulk denslty measurement.

The detal led results of rhe denslty prof l les taken

before, dur lng and after the overdredging process are

glven tn Table 16. I lopper loads numbers 2, 3 and 4

contained predomloately sandy materlal which ltas not

typlcal  of  the other hopper loads.

During each dredglng operatl-on the denslty of the

material ln the hopper rtas Eeasured at the tlme when

the hopper became fuLl and the overflow weirs flrst

started to spt11 excess f lutd. This denslty prof l le

was termed the lnl t ia l  denslty prof l le and ls

ldent l f ied in Table 16 under the column heading

'0 ml-nsr.  The mean value of the tnl t i .a l  denslty ls

shown ln Figure 17 for aL1 the hopper loads which

conprlsed predomlnantly flne !0aEerLal. It ls seen

that the lni t ia l  mean speclf ic denslty var led ln the

raoge of 1.038 to 1.112 wtth a typical  value

a r o u n d  1 . 0 8 .

Pro f l l es  o f  t he  t n l t l a l  dens l t y  o f  t he  d redged

mate r i a l  w l t h  dep th  a re  p resen ted  Ln  F igu re  18 -  The



pro f i l e  o f  t he  hoppe r  ma te r l a l  o f  d rop  5  rep resen ts

Ehe  m in lmum dens i t l es  encounEered ,  whe reas ,  t ha t  o f

drop 10 gave the maximurn densi t ies (exc ludlng drops 2,

3  and  4 ) .  An  ave rage  p ro f i l e  based  on  a l l  17  d rops  i s

a lso shown. I t  may be seen rhat .  the densi ty  of  the

ma te r l a l  does  no t  va ry  s i gn l f l can t l y  w l t h  dep fh  excep t

for  the bot t .om ln in  which the densi ty  increases

sharply .  Thls  botcom layer  of  materLal  ln  the hopper

ls  nain ly  the sand f ract lon of  the dredglngs which

seEt les qulck ly  through the over ly ing htgh

concentrat l -on mud suspenslon.

F lgu res  L9 ,  2O and  2 l  show the  re la t i onsh lp  be tween

the ln l t la l  hopper densl ty  and par t lc le  s l .ze.  F lgure

19 lndtcates that  the D 50 s lze does not  tn f luence the

in l t la l  mean hopper densi ty .  Sin l lar ly ,  nel ther  does

Ehe D 
ro,s lze have an in f luence on l -n i t ia l  densl ty

(Flg 20)  and there ls  l l t t le  corre lat lon between the

E w o  s i z e s ,  D 5 O  a n d  D 9 0 ,  a s  s e e n  L n  F l g u r e  2 1 .

Dredglng did not cease l-nrmedlately at the tine when

the hopper becane fu l l .  In  each dredglng operat lon a

process cal led overdredging was enployed whereby

dredging contLnued and materLal was discharged lnto

the fu l l  hopper causlng excess mater ia l  to  be spl l led

over  the over f low weirs .  In  th ls  way l t  ls  posslb le

to increase the weighE of  mater ia l  in  the hopper due

to the fact  that  some of  the mater ia l  which is

discharged into ehe fu1l hopper wil l- settle through

the flutd ln the hopper rather than beLng carried over

the  we i r s .

The perlod of overdredgl-ng lasted for between 7 and 27

ml.nutes.  Table 17 presents the ln i t ia l  and f ina l

hopper fu l1 densi t ies,  the t ime of  overdredglng,  the

increase in dry densi ty  dur lng overdredglng and the

D r O  a n d  D r O  p a r t l c l e  s i z e s  o f  t h e  g r a b  s a r n p l e s .  T h e

in f l uence  o f  ove rd redg ing  on  the  dens i t y  p ro f i l e  i s

t2



deplcted in  F igure 22 for  an overdredging per lod of

about ,  18 minutes.  A s lgnt f icant  increase ln Ehe

densi ty  of  the mater ia l  occurred wi th in the lower 4m

o f  t he  hoppe r .

The changes which occur  in  the densi ty  prof l les af ter

ove rd redg ing  a re  cha rac te r i sed  by  Ehe  two  p ro f l l es

shown ln F lgure 23.  Each prof i le  is  an average of  rhe

resul ts  for  drops 14,  17 and 20 in  which the t i rne

be tween  p ro f l l es  was  app rox lna te l y  15  m inu tes .

Overdredglng had ceased before the f l rs t  prof l les were

taken and hence the changes between profi les may be

at t r ibuted so1ely to the consol ldat lon of  the

materLal .  I t  may be seen that  general ly  the densLty

of  mater ia l  in  the lower par t  of  the hopper has

increased at  the expense of  the upper par t .  Overal l ,

the mean specl f lc  densl t les of  the average prof l les

did not  vary s lgni f lcant ly  belng 1.096 and 1.098

respect ive ly .

The densl ty  s t ructure of  the mater la l  wt th ln the

hopper prLor  to d isposal  may not  be c lear ly  assessed

for all drops as denslty profl les lf,ere not taken

lmmedlate ly  before d lsposal  for  some drops.  I lowever,

a reasonable est lmate of  the typ lcal  densl ty  s t ructure

of  the materLal  ln  the hopper pr ior  to  d isposal  ls  the

curve depicted ln  F lgure 23 af ter  15 minutes of

conso l l da t l on .

5 COilCLUSIOflS

5 .1  Sho r t  t e rn

d i spe rs lon

The f le ld exerc ise has proved valuable in  assesslng

the  su l t ab l l l t y  o f  d i f f e ren t  t ypes  o f  l ns t rumen ta tLon ,

par t lcu lar ly  htgh resolut lon sonar,  t .o  moni tor  the

d l spe rs lon  o f  d redged  ma te r i a l  f r om the  hoppe r  o f  a

d redge  r .

I J



5.2 Heavy uetals

attached to

sediment

Sonar  l r as  ve ry  use fu l  i n  v l . sua l i s i ng  rhe  d i spe rs lon

p rocess  and  i n  ce r ta ln  o r i en ta t i ons  i t  was  ab le  co

accurate ly  derermlne the veloc l ty  of  the approachlng

mud bed wav€.

The HR Rapid Drop Prof l ler  was successfu l  in

approxLmately  ldent i fy tng the depth of  rhe mud wave.

Three Partech heads auspended at  f ixed posl t ions above

the bed enabled the veloclty of the bed wave to be

roeasured over  a f lxed dLstarne.  The par tech heads

a l so  gave  an  l nd l ca t i on  o f  t he  t h i ckness  o f  t he  wave .

It Ls recommended that a further field exerclae

be undertaken to monLtor  shor t  tern d ispersLon of

dredged mater la l .  The experLence galned f ron th ls

aurvey should be used durlng the planning of the next

survey.  I t  would seem approprLate to enploy h lgh

resolut ion sonar agaLn,  now thaE Lts s t rengths and

l im ica t l ons  have  been  recogn l sed .

The mean conceDtrat , ions of  Fe,  Mn and Co on the s i l t

f racElon of  sedLnent .  sanples Eaken by grab ard by

cassel la  bot t le  in  the hopper,  ad by grab f ron the

bed of  the d lsposal  s l te  were sLui lar  and had values

o f  abou t  51000ppn  (Fe ) ,  6 t0ppm (Mn)  and  t6 .2ppn  (Co ) .

The average sllt content. for the three types of

sanples were 402 , 837( and 27i^ respectively. For the

th ree  me ta l s ,  Cu ,  Za  and .  Pb  the  mean  concenEra t l ons

di f fered consLderably for  the three locatLons of

samples a l though the rat lo  of  concentrat lons at

l oca t i ons  we re  s im l l a r  f o r  each  me ta l .  The

concenEra t i ons  i nc reased  l r i t h  s i l t  conEen t  such  tha t ,

for  example,  the mean concentraEions of  Cu were 4Ooppm

(dlsposal  s l te  grab sanples) ,  72oppn (hopper grab)  and

1030ppn  (hoppe r  casse l l a  bo rc le ) .

1 4



5.3  Dens i ty  s t ruc tu re

A further survey should be conducted in whi.ch samples

of  bed sedlments are taken f rom the area surrounding

the d isposal  s i te  as l le l1 as f rom the d isposal  sLte

i tse l f .  In  addLt ion,  samples should be taken at  a

regular  in terval  a long the length of  the Tees estuary.

This would enable a comparison to be nade between thls

s tudy  and  Ehe  concen t raL lons  o f  meEa ls  i n  t he  es tua ry

measured in a 1981 survey.  I t  would a lso gLve a basls

for  assessing the average concentrat ion of  metals  in

t h e  d l s p o s a l  s i t e .

The denslty structure of the mater lal  ln the hopper

lras ueasured aE varlous stages of the dredglng

operatLon. Inl t ia l  denslty prof l les ( le,  when the

hopper f i rst  reached ful l  capactty) indlcated that

there was l l t t le var iat lon in the density with depth

except for che lower lm, Ln whlch the density

increases roarkedly t .owards the botton of che hopper.

Changes ln t ,he denslty structure were identt f ied

during the overdredging perlod and the subsequent

t ranspor ta t ion  per iod .

l 5
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TABLES.





Table 1 Bulk weight and known tidal conditions 
for each dredger drop 

Drop 
No. 

Bulk 
weight 
( tons ) 

Mean Tide 
Velocity Direction 
(m/s> 

Flood 
Flood 
Flood 
Ebb 
Ebb 
Ebb 
Flood 
Flood 





aAeM paq jo sa~~-g~o~a~ 
a3exa~e jo uos-g~edmo3 c aIqeJ 



ZTE 
80E 
T OE 
006 
662 
86Z 
L6Z 
96Z 
9EE 
ZZE 
ZOE 
P66 
STE 
CZF 
8TE 
SEE 
LOE 
E06 
LZE 
OTE 
S06 
TT€ 
TZE 
6ZE 
PZE 
TEE 
PP6 
266 
926 
OEE 
EZE 
6EE 
LEE 

PZL L T 

OZL E 1: 
LT6 ZT 

STL OT 

TTL 9 

uo~~e~~~j~~uapr ardwes 
pue sxaqmnu doxp ~aspaza p aTqeL 



T a b l e  5  Metal c o n c e n t r a t i o n s  on s i l t  f r a c t i o n  o f  s p o i l  ground samples 

Grab samples  t aken  i n  S p o i l  Ground 

Grab No. Sample Cu Zn Pb 

Mean 1 5 1 . 9  398 .3  206.7  
S t a n d a r d  dev .  1 0 5 . 7  294 .0  1 2 5 . 2  
Minimum 3 2 . 0  9 6 . 0  3 3 . 0  
Maximum 5 7 3 . 0  1 6 4 0 . 0  600.0  
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L-0 
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6-1 
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0-T 
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O'T 
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L-0 
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0.1 
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6'0 
z-'I 
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0-T 
E'O 
L'O 
8-0 
8'0 
s-0 
L - 0 
T -2 
Z-T 
8 '0 
8.0 
8'0 
€"I 
E'T 
E'O 
E -0 
z-z 
T -Z 
8-0 
2'0 
T 'T 
O'T 
8'0 
8'0 
9'0 
O'T 
2-T 
L-0 
T'P 
L'O 
'I-T 
9-0 

E ' T 
L'O 
L-0 
L'O 
E'T 
S-T 
E'O 
E'O 
0 - z 
L'T 
8'0 
E'O 
Z'Z 
2.1 
2-1 
8-0 
9'0 
T'T 
v - T 
6'0 . 
8'E 
L'O 
0 - 'I 
0-0 



T a b l e  7 C o r r e l a t i o n  c o e f f i c i e n t s  f o r  m e t a l s  and  % s i l t  o f  
s p o i l  g round  samples  

HEAVY METALS AND SILT REGRESSION COEFFICIENTS 

S p o i l  g round  g r a b  s a m p l e s  - TEES : JUNE 1985  

Number o f  d a t a  p o i n t s  = 3 3  
Average  % s i l t  2 6 . 6  



Table 8 Comparison of mean metal concentrations for spoil 
ground and honper samples 

Mean Concentrations Ratio 

Spoil Hopper 
Heavy Bed Grab Bottle Grab/ Bed/ Bed/ 
Metal Samples Samples Samples Bottle Bottle Grab 



0'61 
0 'ZT 
6-1 
Z '91 

0'61 
0-81 
0-91 
0'91 
0 'ZT 
O'PT 
0-LT 
0-ST 
0-ST 
0-31 
0'8T 
0'8T 
0'6T 
0 -6T 
O'ST 
0'81 
0 -ST 
O'ST 
O'ST 
0-PT 

0 - 089 
O'OOL 
0 ' 069 
0 ' 069 
0 ' OS9 
0 - 009 
0'009 
0 - OES 
0 ' 06s 
O'OES 
O'OP9 
O'OPS 
0 * OP9 
O'OT9 
0 ' OS9 
0-OSL 
O'OES 
0 ' 00s 
0-06P 
0 - OP9 

0'08FZP 
0 ' OOSPS 
0 - OOSSS 
0 - 00099 
0 - 009S9 
0 - OOLEP 
0 ' 008LS 
0 ' 00T8S 
0 ' 000TS 
0 - OOOOS 
0 ' OOTZS 
0 ' 00009 
0 ' 0006S 
0 ' 00F8S 
0 - OOSZS 
0 ' OOOTP 
0 - OOLSS 
0-OETLP 
0- 08PCP 
0 - OOEZP 

0'09L O'OZF1 O'SFP urnurrxe~ 
0-6P O'EPT O'€E wnmrur~ 
T'SZZ T'F8F 9-S21 -~ap p~epueq~ 
G'LTP 2 .ZZL S - PS2 ueaW 

0'0S9 O'OZTT 0-86E 6SE 
O'OSL O'OSZT O'TPC 8S6 
0'08S O'OSOT 0'89€ LS6 
0'009 0-0601 0'6SE 9S€ 
0'9L 0'081 0 - 9S SS€ 
0'6ZP O'OLL 0 ' 092 PS€ 
0-LLP O'OS8 O'ZLZ €S€ 
O'PPP O'OZL O'OSZ ZS€ 
0'08S 0'006 O'STC 6P€ 
O'OTS 0'098 O'TFE 8P€ 
0-ZPP 0-OLL 0 ' TZE LP€ 
O'OES 0'098 O'LTC 9PF 
0'9ZP 0'028 0-SZ€ SP€ 
0'09s 0'096 O'SFP PP€ 
0'26 0 * 002 0-LS €P€ 
0'09L O'OZET 0'0SC ZP€ 
O'ZET 0'98T O'L6 TP€ 
O'ZET O-T6T 0 ' 86 OP€ 
0'6ET 0'602 O* LOT 6E6 
0 '6P O'EPT 0-E€ 8FE 

LZL 
9ZL 
SZL 
PZL 
EZL 
ZZL 
TZL 
OZL 
LTL 
9TL 
STL 
PTL 
ETL 
ZTL 
TTL 
OTL 
PL 
EL 
ZL 
TL 



T a b l e  10 Meta l  c o n c e n t , r a t i o n s  on s i l t  f r a c t i o n  o f  h o p p e r  b o t t l e  s a m p l e s  

B o t t l e  s a m p l e s  t a k e n  

Sample B o t t l e  

l ean  
; t a n d a r d  dev .  
linirnum 
laximum 

i n  h o p p e r  



Table l 1  Correlation coefficients for metals and % silt of 
hopper grab samples 

HEAVY METALS AND SILT REGRESSION COEFFICIENTS 

Hopper grab samples - TEES: JUNE1985 

Number of data points = 20 
Average % silt = 39.6 



Tablc  1 2  C u r r e l a t i o n  c o e f f i c i e n t s  f o r  m e t a l s  and % s i l t  of 
hopper  b o t t l e  samples 

HEAVY METALS AND S I L T  REGRESSION COEFFICIENTS 

Hopper b o t t l e  samples  - TEES : J U N E  1985 

Number of d a t a  p o i n t s  = 36 
Average % s i l t  = 8 2 . 7  



T a b l e  1 3  Percentage  s i l t  c o n t e n t  and D 5 0  and D 9 0  
s i z e s  f o r  s p o i l  g r o u n d  samples 

Grab samples  taken i n  S p o i l  Ground 

Grab D 5 0  D 9 0  
N o .  % s i l t  ( m m >  (mm > 



T a b l e  14 ? e r c e n t a g e  s i l t  c o n t e n t  a n d  D50 a n d  D90 
sizes f o r  h o p p e r  g r a b  samples  

Grab samples  t a k e n  i n  hopper  

Grab D50 D90 
No. % s i l t  (mm) (nun 1 



T a b l e  15 Percen tage  s i l t  c o n t e n t  and D 5 0  and D 9 0  
s i z e s  f o r  h o p p e r  b o t t l e  samples 

B o t t l e  samples t a k e n  i n  h o p p e r  

B o t t l e  %si l t  D50 D90 
No. (mm) 1 



T a b l e  16 D e t a i l e d  r e s u l t s  of o v e r d r e d g i n g  tes ts  

Drop 2  

o v e r d r e d g e  = 107mins  

Depth  Volume 5mins  59mins  

To ta l  volume = 1550  

Mean D e n s i t y  = 1 .080  1 . 2 4 9  

Drop 3  

o v e r d r e d g e  = 79mins  

Omins 17mins  

1 . 0 2 9  
1 . 0 3 8  
1 . 0 4 8  
1 . 0 8 3  
1 . 0 7 9  
1 . 0 9 5  
1 . 0 9 1  
1 . 1 0 1  
1.111 
1 . 1 3 0  
1 . 1 4 5  
1 . 1 7 1  
1 . 1 7 1  
1 . 1 7 1  

Mean 
D e n s i t y  = 1 . 0 9 1  

Drop 4 

o v e r d r e d g e  = 82mins  



Table 16 ( c o n t ' d )  

Drop 5 Drop 6 Drop 7 

ove rd redge  = 2 0 m i n s  overdredge  = 2 2 m i n s  overdredge = 2 4 m i n s  

O m i n s  2 8 m i n s  O m i n s  1 8 m i n s  O m i n s  1 7 m i n s  

Drop 8 

overdredge  2 2 m i n s  

O m i n s  1 9 r n i n s  

Drop 9 

o v e r d r e d g e  

3 9 m i n s  O m i n s  

Drop 10 

= 1 4 m i n s  overdredge  = 1 4 m i n s  



Table 16  (cont'd) 

Drop 11 Drop 12  

ove rd redge  = 14mins  o v e r d r e d g e  = 26mins  

l m i n  17mins  Ornins 13rnins  

Drop 13  

ove rd redge  = 14mins  

Omins 18mins  

Drop 1 4  

o v e r d r e d g e  

39mins  l rn in  



L09 - 1 
P1P"T 
690 T 

. ESO'T 
ZSO - T 
SPO'T 
060-1 
OF0 ' T 
160-T 
060 ' T 
6Z0 ' T 
0ZO"T 
PTO-T 
PTO-T 

809 ' T 
LSS - T 
SLO'T 
S90 T 
L60 ' T 
CSO'T 
PS0.T 
8SO'T 
€90 ' T 
TSO'T 
6FO ' T 
'160-T 
PZO'T 
PZO' T 

68P ' T 
8SP ' T 
P60 ' T 
001 - T 
Z60'T 
P60'T 
9LO-T 
690'T 
090'T 
6SO'T 
LPO'T 
6PO'T 
660-T 
660'T 

OZS ' T 
6Zb' T 
POS ' T 
PTT-T 
090 ' T 
PSO' T 
ZS0"I 
PPO' T 
960 ' T 
T60.T 
PZO - T 
960'T 
PPO-T 
PP0 - T 

09P'T 
PZS - 1 
STT - T 
LSO'T 
PPO'T 
9LO ' T 
S90'T 
P90-T 
TLO'T 
990' T 
€90 ' T 
9SO' T 
LPO-T 
LPO'T 

T6S-T 
€T€'T 
P60-T 
P80 ' T 
ZL0'1 
190-T 
L90 ' T 
P90 ' T 
PSO'T 
990 " 1 
990 " T 
ZSO'T 
PP0 - T 
060 ' T 

69s ' T 
9PO ' T 
ZPO - 1: 
6SO-T 
€SO-T 
VSO" T 
890 - T 
L90 - T 
090 ' T 
290 ' T 
6PO - T 
9S0 ' T 
6PO-1 
TSO'T 

08s-T 
TCS '1 
LLT'T 
660 ' T 
ZOT ' T 
LLO'T 
990 ' T 
ZSO ' T 
0PO.1 
LPO'I 
PS0 - T 
OPO ' T 
SZO-T 
SZO'T 

LSS ' T 
ZT1'1 
060' 1 
P80' T 
TLO'T 
LLO'T 
TLO-T 
690" T 
890 T 
Z90' T 
LSO T 
OEO - T 
900 ' T 
900-T 

601 ' T 

P6P ' T 
6PP ' T 
TZZ - T 
GTT'T 
ZOT - T 
90T '1 
990 ' T 
880 ' T 
SLO-T 
OL0'1 
T80'T 
8LO'T 
990'1 
SPO'T 

696 " T 
TOT. T 
9LO-T 
090 ' T 
CLO-I 
8LO'T 
CL07 
690'T 
SLO'T 
OLO - T 
€90- T 
TSO'T 
LPO'T 
LPO'T 



'i"3ble 16 (cont'd, 

overdredge  16mins 

lmin 15mins 

Drop 21 

overdredge 

33mins lmin 



T a b l e  17  I n i t i a l  a n d  f i n a l  mean d e n s i t i e s  a n d  p a r t i c l e  s i z e s  o f  
o v e r d r e d g i n g  tests 

Drop  
No. 

Grab  
No. 

I n i t i a l  
Mean 

D e n s i t y  
( g/cm*3 

F i n a l  % 
Mean Time of I n c r e a s e  

D e n s i t y  O v e r d r e d g e  Mean D r y  
(g /cm*3)  ( m i n s )  D e n s i t y  

Grab 
D50 D90 
(mm 
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Fig 23 The ef  fec i  o f  t ransportat ion t ime on the densi fy  prof i te
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