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ABSTRACT

The Unlted Klngdon has obLigatlons under Lnternatlonal conventlons and the
directives of the European Economlc Conmunity to control the pollutl.on of
the aquatlc envl.ronment resultlng from the discharge of dangerous
substances. Legislatlve control of narlne pollution from freshsater sources
demands a more thorough understanding of the processes tnvolved in the
transnJaslon of pollutants through a tidal eetuary.

Hydraull.cs Research has been engaged lu fteld studlee of the estuarlne
transmLsslon of heavy metal pollutants to determ{ne to yhat exteDt metals
enterlug an estuary from an outfall or freshwater source are trapped and
stored slthin the estuarlne sediments and how mueh passes out to sea. The
Present study was carrl.ed out over a tso-year perlod in the tldaL River
Coauy' North Tales. Thls Lndustrlally unpoLLuted river sas choseir aa a
contrast to those previously studled by HR to enable comparlsons to be
made.

The fleld program conslsted of three maln elements, the sanpllng of recently
deposl.ted bank eedlments during the sprlug and autumn of both 1.982 and 1983,
contlnuous monitorLng of the suspended solids cooeentratlon at oue locatlon
fron Auguet 1982 to July L983 and an intensl.ve hydraullc survey carrled out
ln the eprlng of 1983. The survey lacorporated eanpllng of the estuary bed
materlal throughout lts leagth, eanpllng of the satera froru both the estusry
and lts tributarles and contlnuous monl.torlng of sater depth, veloclty,
dl.rectlon of fJ.ow, euspended solide conteot, sallnity and temperature at
four seLected posl.ttoas, each one for the duratlon of a tl.dal cycle. Botb
tyPes of sediment sampLee undenrent slze analysls prLor to deteralnatLon of
the concentratlous of za, Pb, Fe, cu, co and l{n. The water sampl.ee rere
analysed on collectloo for pE value and later for sollds content asd total
uetals cotrcentratl.on. This report details the netbods of eample coll-eetion
and eubsequent analysl.s and presents the results. An addl.tlonal analysls of
selected samples was carried out by Dr R E Jones of the Dlarlne Sclence
Laboratory, Ilenal Brldge to deternlne the concentratlon of tavallabLer a8
opposed to rtotalr metals preaent. An abbrevLated verslon of his report Ls
presented as an Appendlx.
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INTRODUCTION

UETAL
CONCENTRATIONS

The Department  of  the Envi ronment  (DoE) has
commi-ss ioned Hydraul ics Research (HR) to s tudy the
estuar ine t ransmiss lon of  heavy neta l  pol lu tants in  an
at tenpt  to  determine t .he extent  to  whleh they are
aecumulated in  the estuary or  passed out  to  sea and
the  fac to rs  a f f ec t l ng  t he i r  t r ansm iss ion .  Th l s  repo r t
is  one of  a ser ies eover lng several  aspects of  th is
i nves t i ga t l on .

Previous research by HR has been d i rected at  known
indus t r i a l l y  po l l u ted  es tua r l es ,  and  focussed  on
extensive f te ld s tudies of  the t ida l  River  Parret t  in
SomerseE .  I n  o rde r  t o  pu t .  t h i s  resea rch  i n  con tex t ,
comparat ive dat .a f rom an industr ia l ly  unpol lu ted
estuary was sought .  To meet  these requi rements the
estuary of  the Rlver  Conwy,  North Wales was selected.
The catchtrent  area is  shown ln F ig 1.

This repor t  presents f le ld data col lected by HR dur ing
1982 and 1983 f rom the t ida l  reaches of  the River
Conwy and i ts  t r ibutar ies at  the posi t tons shown in
Fig 2.  The enphasis of  the repor t  is  on col la t ion and
present .at ion of  the f ie ld data rather  than on i ts
ln terpretat ion.  The survey work has been consol idated
into three main categor ies,  metal  concentrat ions,
sediment slze and sedinent transport regirne which form
the chapter  headings.  The nethods of  sample
col lect ion and analys ls  are out l ined in each chapter ;
a l l  the resul ts  are preaented in tabulated and
graphical  forq.

Heavy metals  occurr ing in  an estuar ine envi ronment  are
gene ra l l y  c l ass i f i ed  as  be ing  e i t he r  pa r t t cu la te  ( i . e .
sediment-at tached) or  d issolved.  par t ieu late metals
nay be present  suspended wi th in the estuar ine waters
or  deposi ted wi th ln the estuar ine sediment ,s
( i n te r - t i da l  depos i t s  and  bed  sed iuen ts ) .  D i sso l ved
metals  may be present  in  the sur face water  or  in  the
in te rs t i . t i a l  wa te r  (1 .e .  i n  t he  po res  be tween  the
depos i t ed  sed imen t  pa r t i c l es ) .

To measure the concentrat ion of  heavy metals  in  the
Conwy Estuary,  samples of  the estuar lne sur face rdaters
and sedlnents,  both in ter- t ida l  deposi ts  and bed
sediments,  l rere taken and subsequent ly  analysed for
z inc  ( zn ) ,  i r on  (Fe ) ,  l ead  (pb ) ,  coppe r  (Cu ) ,
manganese (Mn) and cobal t  (Co) concentrat ions.
Deta i ls  of  the sampl lng exerc ises to ident i fy  neta l
concentrat ions on in ter- t lda l  deposi ts ,  in  suspension
and on bed sedinents are g iven under respectLve
sub-t i t les la ter  in  th is  chapter .  No separate
sanpl ing of  in terst i t ia l  water  took p lace.





Concentrat ions of uetals occurr ing in both estuarine
sediment and water samples were determined by
Charter Consol ldated Services Limited using an
ac ld -d lges t lon /a tomlc  absorp t lon  ne thod o f  ana lys is .
The sanples were dr ied and a mixEure of
n i t r i c /perch lo r ic  ac id  added.  D iges t ion  was s ta r ted
at a low temperature to destroy the organlcs fol lowed
by strong heat to evaporate the perchlor ic acid. The
uixture was then leached wtth 50% hydrochlor ic acid
and dl luted wlth metal- free water.  Heavy metal
concentrat ion was then determined from the solut ion by
atonic absorpt ion spectrophotonetry uslng a two point
(plus blank) l inear cal ibrat ion.

2 .L  On in te r - t ida l
d e p o s i t s

In order to ident i fy the longitudinal distr ibut ion of
heavy metals,  samples of bank sediment were obtained
on four separate occasions, May L982, September L982,
lularch 1983 and September f983.

The saraples rdere taken from exposed deposits of f ine
sediment fron just. below the high rdater line at
approximately 250 metre lnterval-s along the t idal
reaches of the estuary. Each sanple (nininurn quant l ty
l0 grarns dry weight) was obtalned ustng a hand-he1d
plast lc scoop and stored in a plast lc bag.

The resulEs of metal  coneentrat ion analysis are
presented in Tables I  ro 4. The longitudinal
distr ibut ion of z inc for each of the four sanpl ing
perlods is graphical ly presented ln Figs 3 to 6 and
is indlcat ive of the general  t rends for netal
concentrat ion to decrease with distance down r lver
from the t idal  l i rni t .

2 .2  In  suspens ion
To measure the concentrat ions of netals ln suspension,
samples of the estuarine waters were taken at four
posit lons along the t idal  reaches, Deganwy Narrows,
Conwy Town Road Bridge, Tal-y-cafn Road Bridge and
Dolgarrog Road Bridge on the Conwy, (narked A, B, C
and D respect ively in Fig 2) dur ing February and March
f983. Sinultaneous col lect ion being impract ieal ,  the
samples were ini t ia l ly taken at each of the four
posit ions during the four successive day t ine t ides of
27 February to 2 I ' lareh. Inslrument fai lure at the
Deganwy Narrows poslt ion on 1 March, however,
necessitated a repeat operat ion there which took place
on 5 March.

Bott le  samples were taken throughout  each t ida l  cyc le
at  Lntervals  of  approximately  30 minutes us ing an
Ins t i . t u te  o f  Oceanog raph l c  ScLences  ( I .O .S . )  wa te r
sanpler  nodi f ied by I iR.  This type of  hor lzonta l
sampler rnaintalns the naturally-occurring sedLnent





2.3  On bed sed lments

f locs. 0n col lect lon the pH value of each sample was
Lrnmsdiag. ly determined uslng a PTI-I I  portable pH/nY/
temperature probe. A11 saruples were later analysed in
the HR Sedimentology Laboratory for both suspended
so l ids  conten t  (1 .e .  par t i cu la te  mater ia l )  and to ta l
sol lds content (which includes salts and other
dissolved matter that has precipi tated out on drying)
pr lor to determinat ion of total  metaL concentraLions.
The resulEs of this analysis are presented for each of
the four survey posit ions in Tables 5 to 8.

Fresh water inputs to t ,he estuary systeu were also
measured in March 1983. Bott le sanples were taken by
hand from the t , r ibuLarles; the sampl ing posit lons are
shown in Fig 1. The method of analysis was the sane
as that appl ied to the estuarine water samples and the
subsequent results are given in Table 9.

Samples of estuarine bed sedinents were col lected from
posi. t lons throughout the t idal  Length of the River
Conwy in March 1983. These were taken from a survey
vessel using a 2 l i t re galvanised steel Van Essen grab
sanpler at the posit ions marked in Fig 2, and stored
ln plast ic bags pr ior to analysis.  The sanples nere
taken in nfd-channel at  each of 40 posl. t ions.
Addit ional ly,  vhere pract icable, a seeond sample was
taken towards the channel side but along the same
cross-sec t lon .

Selected grab samples were chosen for metal
concentrat ion analysis.  As there was some r lsk of
contaminat ion from the netal  sampler a sub-sample of
the central  core of each grab sample was careful ly
extracted for analysis.  The results are given in
Table 10. The longitudinal distr ibut lon of z inc on
the bed sedinents has been plotted in Fig 7.

3 SEDIHENT SIZE
AI'IAI.YSIS

3.1  Par t i c le  d ianeter

Sediment  s ize was determined in two ways,  par t lc le
dianet ,er  and sur face area,

The samples of  the estuar ine bed sediment  were
analysed for  par t ic le  s ize d is t r ibut ion by the I tR
Sedimentology Laboratory us ing a standard set t l ing
veloel ty  technique descr ibed ln Ref  l .  The resul ts  of
th is  analys ls  are presented in Table 11.

It is well documented that heavy metals have an
af f ln i ty  for  the s i l t  f ract ion of  a g iven sedinent  so,
t n  add l t i on  t o  t he  pa r t i c l e  s l ze  d i s t r l bu t l on
analys ls ,  the HR Sedlnento logy Laboratory analysed a
number of  samples for  percentage s i l t  content .  Each
sample was dr ied and weighed,  spl i t  by wet  s iev ing at





3 . 2  S u r f a c e  a r e a

63  1m,  d r l ed  aga in  and  the  d ry  we igh t  o f  s i l t  ( i . e .  r he
fract ion < 63 pn)  calculated as a percentage of  the
dry weight  of  the tota l  sauple.  This analys is  was
appl ied Lo the March 1983 bed samples and borh the
March and Septernber 1983 bank sanples.  The resul ts
for  each exerc ise are presented ln F igs 8,  9 and 10
respec t i ve l y .

Another  s igni f lcant  factor  af fect ing the concent . rat ion
of  sediment-aEtached metals  ls  the actual  sur face area
of  the sediment  par t ic les.  F ive of  the Conwy bank
samples col lected in  September 1983 were seleeted for
determinat ion of  sur face area.  They were analysed in
the HR Sedimentology Laboratory us ing a standard
ethylene g lyco1 monoethyl  ether  adsorpt ion (ECME)
procedure whereby the weight  of  EGME adsorbed (as a
rnonolayer  sur face cover)  by one gram of  dr ied sedinent
is  determined.  Table 12 compares these calculat ions
of  sur face area wi th percentage s l l t  content  for  the
f i ve  samp les .

SEDIMBNT TRA}ISPORT

4 .1  Suspended  sed imen t
and re lated f low
da ta

In order to study the tidal sediment eovement. rdithin
the Conwy Estuary (and to calculate t ,he sedinent  f lux)
addi t ional  f ie ld data was col leeted dur ing the
hydraul lc  survey conducted in  February and March 1983,
General  deta i ls  of  th is  boat  survey have a l ready been
g i ven  i n  Sec t i on  2 .2  wh i ch  a l so  repo r t s  on  the
col lect ion of  estuar ine r^rater  samples which formed an
integra l  par t  of  th is  exerc ise.

S inu l t aneous  obse rva t i ons  o f  wa te r  dep ths ,  ve loc i t i es ,
d i rec t l on  o f  f l ow ,  suspended  so l l ds  con ten t , ,  .
sa l in i t ies and temperature were recorded on separate
days at  Deganwy Narrows,  Conwy Town Road Br idge,
Tal -y-cafn Road Br idge and Dolgarrog Road Br idge (Fig
2) .  Current  ve loc i t ies and d i rect ions were recorded

.  us ing a Braystoke BFI1 008 Mark I I I  d i rect ional  current
meter .  Concurrent  measurement .s  of  sa l in i ty  and
temperature rdere taken by an I .O.S.  Sal inometer  Mc5
at tached to the current  meter .  Coinc identa l
measurements of  suspended sol ids content  were taken by
a Partech suspended sol ids moni tor  (deta i led in
Sec t l on  4 .2 )  a l so  a t t ached  to  t he  cu r ren t  me te r .
Readings f rom al l  inst rumenls were recorded on board
the survey vessel  and are presented in Tables 5 to 8.

F resh  wa te r  f l ow  da ta

I t  ls  general ly  accepted
factor  af fect lng sedlm-ent

that  sa l in i ty  is  an important
f loecu1at , lon.  In  an





4 . 2  S i l t  n o n i t o r i n g

es tua ry ,  sa l i n i t y  l s  a f f ec ted  by  Lhe  ra te  ac  wh i ch
f resh  rda te r  en te rs  i t .  F resh  wa te r  f l ow  da ta  f o r  t t r e
Conwy has been obta lned f rorn the Welsh Water  Author i ty
and  i s  p resen ted  i n  Tab les  13  to  16 .  These
measurements \ , rere taken dur ing the years 1980 to 1983
at  the L lanerch gauging stat ion,  Betws-y-coed.

To obta in a cont inuous record of  suspended sediment
novement  two s i l t  moni tor ing posl t ions r . rere
establ ished in the estuary dur lng August  L982.  One
si te was against  the west  but t ress of  Conwy Town Road
Br idge and the other  under the centra l  span of
Do lga r rog  B r l dge  ( f i g  2 ) .  I t  was  i n tended  to  co l l ec t
one year ts  data f ron both s i tes but  the equipment  at .
Dolgarrog Br idge was vandal ised shor t ly  af ter
insta l la t ion and as i t  was considered lnappropr late to
replace i t  no data was col lected

The rnonitorlng equipnent sltuated under the Conwy Town
Road Br idge consisted of  two Partech suspended sol ids
sensors which rdere mounted on a fixed frame and
pos i t i oned  a t  0 .1m and  0 .6 rn  above  the  bed .  A  va r i e t y
of  opt ica l  sensors both s lngle and twin path were used
dur ing the nonl tor ing per iod but  a l l  operated on the
photo-ext inct ion pr inc ipal  descr lbed ln Ref  2.
In i t ia l ly  the sensors at '  both posi t ions above the bed
were cal ibrated to cover  a range f ron 0 to 500ppn
(par ts  per  n i l l ion) .  In  January 1983 the upper sensor
was changed and calibrated to cover a range from 0 to
5000ppn to enable noni tor ing of  the very hLgh
suspended sol ids concentrat ions which oecurred
occassional ly .  Thereaf ter ,  however,  oost  of  the
recorded concentrat ions were low and the accuracy of
the data obta ined wi th in th is  range rendered ic  of
l i t t l e  va lue .  Bo th  senso rs  we re  connec ted  to  a
Mlcrodata logging system which recorded data
s imul taneously f rom both sensors onto a nagnet ic  tape
cart r idge at  10 minute in tervals .  Each record
inc luded the date and t ime as,  wel l  as the two channels
o f  suspended  so l i ds  concen t ra t i ons .  Se rv i c i ng  v i s i t s
were carr ied out .  a t  approxinate ly  four  week intervals .
Each serv ic ing compr lsed changing the logger
bat ter ies,  recover ing the data tape and checklng fhe
nominal  Formazin cal ibrat ion of  the sensors.  In
addl t ion water  samples were taken for  analys is  in  the
t lR Sedinento logy Laboratory us ing a dry-weight
analys is  to check the cal ibrat ion factor  re lat ing the
logger output  to  the concentrat ions of  estuary s l l t .

The recorded data was then processed through a sui te
of  HR developed computer  programs deta i led in  Ref  2.
Examples of  th ls  analys is  are graphical ly  presented in
Figs 11 to 14 and the complete resul ts  are summarised .
ln  Tables L7 to 24.  A large anount  of  good data was
obta ined f rorn th is  s i te .





Spec ia l  ca l i b ra t i on  exe rc i se .

The rout inely  col lected water  sanples covered too
smal l  a  range of  concentrat ions to accurate ly
determine the re lat ionship between nominal  Formazin
concentrat lons and estuar ine suspended sol ids
concentrat ion so a ser ies of  water  sanples were taken
from the Town Br idge monl tor ing s i te  over  a eomplete
t ldal  eyc le in  l , larch L983.  These,  a long wi th a number
of  water  samples cover ing a range of  coneentrat ions
taken f rom the four  March 1983 boat  posi tons (Ref  1)
were analysed in the HR SedinenLology Laboratory for
suspended sol ids concenlrat lon and used to determine
the  Fo rmaz ln / suspended  so l i ds  coneen t ra t i on
re lat ionship for  the Conwy Estuary.  F igure 15
presents the resul ts  of  the analys is  which g ives a
nu l t i p l i ca t i on  f ac to r  o f  L .47  ( f o r  r i ve r  so l i ds  up  to
200ppn) to convert  Formazin values to the estuary
suspended sol lds concentrat ions.  This faetor  has been
appl ied to a l l  s i l t  moni tor ing data presented in th is
repo r t .
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APPEIIDIX

The concentrat lon of  "avai lable"  metals  in  Conwy Estuary Sediment
by Dr R E Jones,  March 1983

Fol lowing d iseussions bet l i teen the author  and representat . ives of  Hydraul ics
Research L imi ted,  at  the Mar ine Science Laborator ies l , lenai  Br idge,  i t  was
agreed Ehat  the former should analyse twenty sediment  sanples f ron the Conwy
Estuary.  The nethod speci f ied was a weak acid reducing agent  i -eaching
procedure whic,h measures the weakly bound metal  f ract ion present .  This
rueEhod is  more representat ive of  the "aval lable"  metals  which are involved
in b io logical  or  chenical  processes than the ruore aggressive leaching
procedures such as that  prev iously  adopted by Hydraul lcs Research L imi ted.

A known welght  of  sedinent .  was oven dr ied overnight  at  90oC before being
re-weighed and the moisture cont .ent  determined on a dry weight  basls .
Approxinate ly  3 grams of  dr ied sediment  r ras accurate ly  weighed and
transferred to a round bot toued f lask.  To the dr ied sedi .ment  5On1 of  the
mixed aeid reducing reagent composed of one molar hydroxyl arnmonium chloride
and 25% (v/v)  acet ic  ac i -d were added and the f lasks shaken for  four  hours.
The sanple was then f i l tered through a Whatman No 5 f i l ter  paper,  eare being
taken to wash the f l l ter  paper f ree of  any remaln ing leaching agent  wi th
d i s t l l l ed  de - i on l zed  wa te r  and  the  f i l t r a te  re ta ined .

The f l t t ra te was evaporated to dryness wLth the excess reducing reagent
being destroyed by the addlc ion of  2m1 of  concentrated n l t r ic  ac id (ar is tar
grade).  The sanple \ tas then d issolved ln 2n1 of  concentrated n i t r ic  ac id
and made up to 100n1 wi th d is t i l led de- lonized water .  Reagent  b lanks were
run wi th each batch of  sanples to check for  contaminat lon.

Determinat ion of  the concentrat . ion of  metals  in  the leachate was carr ied out
us ing a Pye Unicam SP90 atorn lc  absorpt . lon spectrophotoneter  us lng neta l
s tandards prepared f ron appropr late atomtc absorpt , ion standards purchased
fron BDl l .

The concentrat ion of  the met ,a ls  on a dry weight  basis  is  presented in Table
Al ,  a long wi th the moisture content  of  the sedi rnent .

Eight  of  the sedLment samples were run in  dupl icate so as to prov ide a
corobined measure of  the analyt ica l  reproducib i l i ty  and wi th in sauple
var iat ion.  I t  can be seen that  the agreement  ls  bet ter  for  some elenents
than for  others.  In  the case of  copper,  concenrrat ions are very low and
approach the l in l t  o f  detect ion for  th is  e lement .

The concentrat ion of  metals  in  the f ine par t te le s ize f ract ion of  sedinents
f rom Lhe conwy Estuary have been recorded by Jones (Lg7z) .  The mean
concentrat l .on of  leachable metals  det .ermlned by a mixed acid reduclng agent
leaching procedure s imLlar  to  that  used here are shown in Table A2.

The concentratLons of  metals  recorded are h igher  than those general ly
recorded in th ls  invest lgat l .on and ref lect  the enr ichment  of  neta ls  in  the
f ine sediment  f ract ion (see,  for  example,  De Groot  et  a l  L97l ) .  Jones
(L972) a lso assessed the s ize of  the leachable neta l  f ract ion in  rer lar lon to
the tota l  meta ls  present .  In  the case of  manganese the easi ly  leachable
f ract ion approximated to the tota l  neta l  present  and for  z lnc and lead





approx ima te l y  two  th l rds  o f  t he  t o ta l  ne ta l  p resen t .  I n  con t ras t ,  on l y
about  one th l rd of  the copper ls  present  ln  an ravai lablef  form and less
than  one  f i f t h  o f  t he  i r on .

The inf luence of  changes in analyt ica l  technique on the concentrat ion of
metals  measured for  a g iven sample wi l l  vary f ron e lement  Lo e lement .  A
conpar i .son of  the present  dat .a wl th resul ts  obta ined by the more aggressive
technique used by Charter  Consol idated,  is  l ike ly  to show c losest  agreement .
for  manganese.  In contrast ,  large d i f ferences are l tke ly  to occur  between
the concentrat ions of  i ron measured by the two methods;  th is  ref leet ing the
snal l  proport ion of  to ta l  i ron removed by the n ixed aeid reducing agent .

Re fe rences

Ches te r ,  R  and  Hughes ,  M  J .  L967 .  A  che rn i ca l
of  ferro-manganese minerals ,  carbonate u inera ls
f rom pelagic sedinents.  Chem Geol ,  2 ,  249-262.

De  Groo t ,  A  J ,  De  Goe i  j ,  J  J  1 "1  and  Zege rs ,  C .
of mercury as cortrpared with other heavy metals
Rhine and Ems. Geologie Mynb,  50,  393-398.

technique for  the separat ion
and adsorbed t race e lements
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in sedinents from the Rivers

Jones,  R E.  L972.  Some aspec ts  o f  the  Geochemls t ry  o f  the  Conwy Estuary .
F l .Sc  Thes is .  UCNW Bangor .





Sanple No

TABLE AI

Concentrat ion of netals in Conwy sedirnent samples (ng/kg)

Mois tu re
conten t

Cadmium Copper I ron Manganese Lead ZLae

S S D C  4
SS AC 17
SS AC 31
SS AC 25
SS AC 33
SS AC 11
ss Ac 13
S S A C  5
SS AC 15
SS AC 29
SS AC 28
S S D C  2

8r
3B
40
52
69
55
44
) 1

80
56
7L
5Z

2 .3
L .4
1 .9
2 .A
2 .2
1 . t
1 .9
o .7
2 .7
1 .8
2 ,4
r .B

2 .7
2 .6
L .2
2 .6
2 .9
2 .5
4 .2
2 .7
5 .5
2 .O
2 .5
2 .5

2 ,4AA
1 ,  700
1 ,400
2 ,300
1 ,400
1 ,000
3 ,  700

900
4 ,300
1 ,  700
2 ,000
1 ,600

439
L ,260

278
489
472
462

2 ,2L0
155

2 ,380
359
451
369

4 7  1 8 3
6 1  1 0 8
2 6  1 6 r
3 8  1 6 9
4 7  1 8 5
47 160

130 zLB
37  s6

130 L66
35  163
49 2L6
4T L47

72
97

2 .2
2 .8

3 .1
1 .8

2 ,7O0
2 ,300

1 ,  330
1 ,450

72 zLO
78 238

SS AC 19

SS AC 23

SS AC 35

130
L20

2 .7
2 .8

2 .4
2 .8

2 ,70A
2 ,800

8 1 8
Bs2

71 294
6s 280

54
57

2 .L
2 .L

2 .4
2 .4

44
42

179
L73

1 ,  9 0 0
1 , 9 0 0

431
382

SS DC 93
120

z . L

2 .3
3 .3
7 .L

2 ,300
2 ,800

501
649

54  211
69 153

SS AC 26

S S  A C  2 1

70
6 7

2 .0
2 .2

2 .5
4 .0

420
4 1 8

44
47

170
L79

1 , 8 0 0
2 , 0 0 0

70
75

2 .5
2 .5

2 .5
2 .0

703
686

52
51

228
2L9

2 ,  100
1 ,700

SS AC

SS AC

t . 6
1 .5

6 . 8
5 . 4

2 ,  100
1  ,800

486
490

6 5
6 2

5 9
46

B9
79

r13
8 l

2 .L
2 .3

6 .7
a 1
L o  I

3 ,300
2 ,20O

684
4 7 7

79
49

r67
208





(The later

Metal

TABLE A2

Mean metal  concentrat ions of  the f ine sediment  f ract ion

of sedinents from the Conr,ry Est,uary

HR/Charter Consol idated analyses are shown in brackets)

Mean Conceotratl.on

mSlkg

I ron

Manganese

ZLnc

Lead

Copper

7 ,400

650

450

r30

30

(  30 ,  o0o )

(600)

(200 )
(60 )

(300 )





T A B L E S





TABLE 1
Long i tud ina l  d ls t r ibu t ion  o f  meta l  concent ra t ion

on in te r - t ida1  depos i ts ,  May 1982

Chalnage
u/s (krn)

- t .425

-0 .  5  25

0 .  125

1 .6

1 .9

2 ,27  5

2 .425

2 .5

2 .77  5

3 .1

3 .3

3 .625

6 .55

6 .825

7  . t 5

7 .575

7  .925

8 .45

8 .77  5

9 .025

9 .325

10 .250

10 .6  75

I  0 .  950

1  1  .450

Sanple
No

cM 88
87
86
85
84
83
90
89
92
91
82
81
80
79
7B
77
76
75
74
73
72
7L
70
69
6B
67
66
65
64
63
62
6r
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43

Meta l  Concen t ra t i on  (ppn )
Pb Fe CuZn

7L
63

111
107
L42
135
385
367
331
306
228
275
228
237
186
L77
202
2L9
167
166
228
192
203
200
190
226
t97
248
226
236
2L6
240
307
289
281
229
530
550
238
265
277
284
234
315
390
388
256
218
279
386

25
2L
48
54
54
5 l

LO7
106
94
89
75
B5
73
76
63
59
68
72
53
53
67
58
61
62
22
37
20
26
50
52
46
52
62
55
53
44
95
9B
36
4L
48
50
36
57
80
77
38
36
5r
7A

6
6

l5
L2
19
L7
38
36
35
33
27
31
27
27
23
20
26
27
2L
22
26
2L
23
23

7

I 2
6

L2
r9
1 9
2A
i 8
zv
1 9
1 8
1 5
3 4
3 5
10
l 3
L 7
I 6

L6
19
29
2B
13
L2
19
26

Co

4
4
7

10
10
l0
l8
L7
L6
15
L4
16
L4
L4
L2
11
L4
15
t2
t4
L2
11
L2
11
B
9
-l

B
10
1 1

8
1 0
1 1
1 1
9
9

l 8
l 8
8
9

10
1 0
1 5
1 5
1 3
1 3
1 0

9
10
L 2

Mn

320
300
710
6r0
560
610

1500
r090
810
760
700

1140
730
660
750
690
960

1320
670
660
610
640
610
550
360
480
330
410

'510

510
530
570
570
630
550
530

1460
1490
610
660
700
690
75A
830
870
Bs0
674
610
760
91.0

7840
8530

15  910
15870
1 7080
16400

_  41900
34400
32800
32100
26600
2920A
28200
2820A
25430
23930
262L0
27900
25390
26100
23640
22340
24420
23L70
1 r670
r50  10
10760
I  1490
19700
L9940
18180
2002a
2L570
20860
1  9610
17360
38000
38900
14880
17 100
18490
186  r0
33200
28300
28500' 
26270
19190
17980
20330
24790





TABLE 1  (cont 'd )

Meta l  Concen t ra t i on  (ppn )
Pb Fe Cu

Chainage
u/s  (km)

L L  . 7 7  5

1 2 . 1 5 0

1 2 . 5 2 5

13 . r75

L3 ,27s

13 .525

L3 .7  7  5

L4 . r7  5

t4 .6

L4 .97  5

L5.225

L5  . 5V  5

15 .85

L6 .275

L6  . 47  5

16 .750

17  . 0

L7 .325

L7  . 6

17  . 85

18 .075

18 .3

18 .55

r  8 .8

L9 .25

Sample
No
cm

42
4 l
40
39
38
37
36
35
34
33
32
31
30
29
28
27
I
7
6
5
4
3
2
I

26
25
24
23
22
2T
20
19
rB
L7
r6
r5
r4
13
t2
l l
1 0

9
B
7
6
5
4
3
2
I

28400
22700
3r300
24400
25r00
23000
33400
30700
35400
29000
2L280
19030
27BOO
34500
23540
2242A
24L30
24970
263A0
22400
23970
23480
23820
n37A
26000
25990
25300
23360
25 100
28000
2L950
25300
2s7 20
23960
26700
29000
30300
32B00
33900
35100
24300
23600
25100
30500
33800
35100
3r100
33100
33600
34300

Mn

890
700

1000
800
980
900

1000
97A

1000
790
650
610
840
860
750
680
720
720
610
690
740
680
680
720
850
820
760
7LO
8Bn
830
680
860
790
790
880
980
950

1030
870
920
860
810
900

1060
1 190
1170
870
950
780
900

Zn

423
330
5t4
453
468
4L8
497
467
264
308
262
262
475
494
342
302
442
440
552
376
450
405
397
391
454
409
499
467
610
660
413
550
495
436
530
530
650
580
670
630
680
600
610
4s8
422
510
670
5L7

.950
770

78
60
B4
7 l
81
7L
B8
81
46
48
4L
42
81
83
5B
50
73
74
82
64
73
65
66
62
7L
64
77
79
95

100
86
90
75
67
90

103
131
96

101
95

10r
87
91
77
7B

r47
9B
83

L34
r l 9

29
23
3 l
25
30
27
34
31
L4
15
L4
L4
32
31
18
l8
25
29
27
20
24
22
22
22
27
23
25
23
33
36
2 l
28
23
2L
25
26
29
29
35
32
36
30
30
25
26
29
34
27
37
38

Co

L2
11
L4
L4
15
15
15
16
16
13
11
1 l
16
15
L2
13
L2
13
L4
11
L2
10
11
L2
L4
14
15
L4
L7
L7
L6
16
13
t2
15
15
16
L7
16
16
r6
1 5
1 5
T 7
1 8
1 9
1 6
1 6
2 2
1 9





TABLE 2
Long i tud ina l  d is t r ibu t ion  o f  meta l  concent ra t ion

on in te r - t ida l  depos i ts ,  Septenber  1982

Chainage
u/s  (kn)

- 0 . 6 5

- 0 , 4

0 . 1 2 5

0 . 5

0 . 9 5

1 . 3

2 . L 5

2 . 5 5

2 . 7 8

3  . 0 3

3.  s8

6 .4

6 .68

7  .03

7 .8

8 .08

8 .  28

8 .7  B

9 .05

9 .35

9 .5

9 .78

10 .25

10 .53

10 .  75

Sample
No

85
B4
8 3
8 2
8 7
8 6
B9
B8
9r
90
93
92

101
100
99
98
95
94
97
96

103
LO2
81
80
79
78
77A
76A
75A
74A
734'
72A
7L
7A
73
72
75
74
77
76
56
55
54
53
69
68
67
66
65
64

Meta l  Concen t ra t i on  (ppn )
Pb Fe CuZn

r88
202
140
t29
1 8 1
1 5 3
L32
1 3 5
L2L
r l6
268
2L3
233
227
269
262
232
224
280
226
249
227
426
425
422
431
326
368
47t
415
369
388
338
327
309
296
319
397
289
262
307
320
338
306
443
4L2
348
353
388
428

63
59
39
40
46
51
24
) A

2 3
2 5
5 9
4 7
66
60
6 5
66
5 8
5 7
5 2
50
5 9
5 8
B 1
8 1
7 9
80
6r
67
87
B9
I U

73
50
49
43
33
46
60
4L
37
46
4B
5 4

46
72
65
50
50
51
51

25
28

15
20
25
13
13
l0
r7
29
27
28
26
30
30
25
24
24
24
23
25
34
34
36
25
27
30
39
4A
31
32
2L
22
19
L7
20
31
18
L6
23
2Z
32
22
33
30
24
24
24
23

Co

9
10
7

I
1 0
B
7
6
6

r3
1 3
1 1
1 t
L 2
1 1
1 1
1 1
10
1 l
10
1 l
r6
1 6
1 5
l 5
l 1
1 3
1 6
L 7
L 4
1 5
1 1
1 0
1 0

8
l 1
L 2
1 0

9
10
1 0
10
1 0
1 3
L 4
l 1
L 2
1 1
1 1

Mn

630
600
630
560
600
800
390
390
318
270

1  130
680
980

1020
660
820
810
860
660
76A
800
850

1320
1310
1010
1090
740

1 100
1340
1380
1080
r270
920
800
76A
624
76A
980
730
700
840
910
730
700

I 140
1150
960

1 140
940

1000

23540
26050
19550
185 30
21110
25380
L7 920
16920
r4820
22020
33920
36460
31380
30800
31300
31020
29780
287 30
28830
28040
27 830
27 800
36470
36470
3644A
36290
287L0
3  1900
38670
39260
3 r350
32990
257 20
25930
23360
r9  430
22770
28870
2L490
2rr30
24550
26A40
26280
24sLO
32670
3 1450
26390
27280
25700
25440





TABLE 2  ( con t ' d )

Me ta l  Concen l ra t i on  (ppn )
Zn Pb Fe Cu

Chainage
u/s  (km)

r .1  .35

t1 .53

1 1 . 6 5

l 1  . 9 5

1 2 . 1 3

1 2 . 3 8

L 3 . 2 3

1 3  . 5

1 3 . 9 3

1 4 . 2

I 4 . 5

1 4 . 8

1 5  . 0 8

1 5 . 4 8

1 5  . 7 3

r 5 . 8 8

I 6 .  I 5

1 6 . 3 5

1 6 . 7 8

1 7 . 0 5

L 7  . 3 3

L 7  . 6

1 7 . 8 5

1 8 .  I

r  8 .33

18 .5

r .8 .85

19 .  13

SampIe
No
cm

6 l
60
63
62
52
51
50
49
48
47
46
45
44
43
42
4L
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
2L
20
19
18
L7
16
15
L4
13
L2
11
to
9
I
7
6
5
4
3
2
1

42L
42L
489
4 7 6
3s9
325
37r
32L
382
330
4sB
480
136
530
560
493
287
354
510
300
480
480
510
530
450
520
400
42A
600
580
490
480
510
430
550
460
460
550
580
550
670
630
580
550
530
610
670
650
680
640
660
690
600
710
640
690

63
61
79
75
53
43
52
38
54
46
69
69
18
7L
82
64
31
44
69
7A
67
66
7L
73
76
63
53
56
8B
82
68
67
74
64
73
69
58
70
78
74
B

82
78
83
6B
83
8

BO
95
93
94
96

r08
99

133
L2L

35
29
36
35
23
18
2L
1B
24
2A
31
33
ZL
33
37
26
13
19
33
33
2B
28
28
3 l
34
28
26
26
40
38
28
27
30
23
29
24
23
29
34
31
38
36
35
34
31
37
37
36
38
38 '
38
40
34
42
26
34

Co

L2
13
15
L4
LZ
10
L2
t0
13
1 l
t t

r5
15
13
L6
L7
T4
I

l 1
15
15
r6
L7
l5
L6
15
r3
T2
l3
1B
l6
t5
15
16
15
L7
L6
13
15
L7
L7
L7
L I

16
15
L4
16
L7
L7
2L
22
L7
1B
29
19
25
24

Mn

924
9B0

1200
L240
900
720
880
720

1050
900
101

1030
380

1110
L440

770
740
940

1160
1080
1280
L370
990

r300
1300
1100
930
950

1520
1430
TL?A
1110
L290
I  130
1340
t270
990

1070
1210
1280
L270
L25O
1200
I  150
1060
L240
1210
1310
1540
r580
1310
1270
2230
1.140
1780
1630

30440
31840
36450
3s680
26480
22840
2s45A
22LLA
27 430
2532A
32340
33850
29370
33940
37 100
2857A
20570
24L30
34870
33520
32380
32 180
30640
35580
34sr0
30320
28070
28350
39380
37 140
30230
29870
31s60
29360
32260
28590
2  9150
33130
356s0
34020
38460
36700
36410
34390
3r680
35980
38760
36530
38660
39920
40860
39500
40530
41310
48630
42300





TABLE 3
Long i tud ina l  d ls t r lbu t lon  o f  meta l  concent ra t ion

on in te r - t ida1  depos iEs ,  |darch  l9B3

Chalnage
u/s  (ku)

- r  .58
- 1 . 4 5
- 0 . 6 5

0 . r3
0 .38
0 .  B8
L .23
3 .7  3
3 .78
6 .85
7 .18
7 .75
8 .3
8 .73
9 .06
9 .66
9 .98

r0 .33
10 .51
10 .  93
l1  . 21
11 .5
11  . 64
11 .89
L2 .3L
L2.94
13 .  19
r3 .54
13 .69
L3 .97
14 .  19
15 .48
15  . 88
L6 .43
L6 .73
L7 .U
17  . 25
L7  . 65
17  . 93
L8 .25
18 .4
18 .73

3  3130
9380

18920
22680
17330
L7  570
2L7 LO
35020
32680
30180
2L540
25280
23500
L7 660
21800
255 r0
31050
28480
20150
2Q750
26590
24940
287LA
18600

23600
22590
29r30
23970
227  50
24300
34 150
32390
29320
36380
44630
47950
50300
58600
55200
50250
55880

Mn

940
r88
610
620
352
401
376
830
940
900
67A
700
600
530
610
680
860
740
610
6r0
810
730
870
600

660
640
750
680
70a
840
990

1090
1060
L52A
2530
2830
I  930
3650
2690
1 940
3480

% sLLt
content

9 5 . 6
3 , 3
6 . 6

9 2 . 8
1 9 . 0
3 1 . 8
4 3 . 9
8 7  . 6
8 8 .  9
6 3 . 5
3 7 . 2
40.4
43.2
L9.5
42.6
46.9
5 5 . 2
5 7  . 7
5 0 . 1
3 7 . 9
53 .  r
48 .9
67  . 5

8 .2

48 .  I
4L.6
63 .  9
42.L
26 .2
43 .6
77  , L
65 .5
55 .7
7  6 ,6
64 .6
64 .8
14 .  3
r6 .B
37 .6
8 .9

53 .  s

SampIe
No Zn

AC L 26T B4
2409
3  130  42
4 t75 62
5 L25 24
6 L23 23
7 233 60
9 304 97
8  275  79

L2 320 67
11 24t  44
l0 294 55

DC 4 290 49
3 2s7 34
2 253 47
L 282 56
5 373 69

AC 37 353 72
36 276 40
35  262  39
34  331  64
33 325 60
32 353 74
31 29L 39
30 LOST SAMPLE
29 29L 52
28 3L2 48
27 388 70
26 308 s l
25 284 4L
24 333 55
23 454 77
22  401  76
2L  398  7 r
20 46L 95
19 497 L29
18 408 L22
L7 293 89
16 29L 93
15  270  115
L4 47A 75
13 362 L57

I le ta l  Concentrat lon (ppu)
Pb Fe Cu Co

39
5

16
25
r3
l 4
23
44
34
32
18
25
22
13
l9
23
30
28
1B
L7
29
26
33
15

24
23
34
24
16
22
32
30
2B
29
27
2B
24
24
25
25
30

11
11
L4
11
11
T2
L7
16
15
2L
32
32
2B
40
34
23
40

1 3
< 5

7
10

1

1

9
15
13
13
9

11
l0
8

10
10
13
13
10
9

L2
L2
T J

9





TABLE 4
Long l tud ina l  d is t r ibu t ion  o f  ne ta l  concen l ra t lon

on in te r - t ida l  depos i ts ,  September  1983

Chalnage
u/s  (kn)

- 1  . 5
- 0 . 4

o .2
0 .3
0 .5
0 .7
1 .0
1 .3
L .7
2 .4
2 .7
3 .6
5 .9
6 .B
7. r
7 . 3
7 . 5
7 . 8
8 . 0
8 . 3
9 . 1
9 . 5
9 . 8

1 0 . 0
1 0 . 2
1 0 . 4
1 0 . 8
1 1  . 0
1 1  . 5
LL.7
L 2 . 0
L 2 . 2
L 2 . 7
L 2 , 9
1 3 . 1
1 3 . 3
1 3  . 6
1 3 . 9
L 4 . 2
1 4 . 5
1 5 . 3
L 5 . 7
1 6 . 0
r6 .3
1 6 . 5
1 6 .  8

Sanple
No

cc 50
51
52
44
45
46
47
4B
49
L7
t8
53
t 4
43
42
4L
39
38
37
40
35
34
33
32
3r
36
30
29
28
27
26
25
24
23
22
2L
20
19
16
15
L4
13
L2
11
IO
9

Mn

368
560
550
57A
680
590
510
770
790
570
540
530
s50
660
510
570
590
540
580

1060
70a
6B0
640

l0t0
780
930
990
900

r090
600
910

L420
1380
1110
17 30
1060
910
950
650
610
800
944
790
850
960

1080

Z  s l 1 t
content

L7  . 2
44 .7
56 .9
44.4
7  2 .5
34 .5
55 .7
76 .4
7  8 .6
95 .9
86 .3
82 .8
44 .4
57  .O
37  . 9
47  , 9
50 .0
30 .0
35 .7
6s.7
53  . 5
48 .  9
34 .9
78 .2
59 .4
7  4 .0
85 .1
63.4
92 .7
34 .  8
51 .5
86.2
80 .3
59 .9
77 . s
7  L .4
42.0
7  4 .5
50 .9
40 .  I
44.8
68 .  6
49 .9
25.3
6t .2
74 .6

Meta l  Concen t ra t l on  (ppn )
Pb Fe Cu CoZa

8 7
1 4 3
r99
338
zB7
L94
243
377
346
362
330
295
220
360
300
323
297
290
343
468
352
367
325
454
4L6
490
477
456
530
316
409
560
484
368
530
49L
473
508
394
369
433
454
480
580
550
500

8
18
26
26
31
22
25
37
36
38
37
31
18
28
2 l
25
2 l
L6
2L
35
25
25
18
35
30
33
37
30
4L
19
26
44
31
22
37
33
25
34
2L
20
22
26
26
19
32
32

9
T2
15
16
1B
14
L6
z2
20
20
20
1B
L2
L7
I J

16
L4
13
15
2A
L7
16
13
2 t
19
20
2L
20
24
L4
1B
24
20
16
22
20
L7
Z L

16
15
t6
20
19
20
23
22

33  13050
60 19530
80  25180
77 25700
BB 30290
61 22360
lL  26100

106 35100
r03 33760
115  37550
LO7 37 460
91  31440
51  21s  B0
83 29000
61  21910
73 26840
62 23430
52 222L0
63 2402A

100 34760
72 270LA
72 2s260
57 20680

100 34500
87 29490
94 31360

to7  35200
88 30970

119  39040
55 2L670
80 28420

115  38890
92 32760
66 25730

102  36580
92  31890
77 2763A
98 34360
65 25030
62 24680
67 25640
81 29490
83 29460
86 34420

101 34490
93  31810





Chainage
u/s  (km)

17. r
L7  .3
L 7  . 6
L 7  , 9
L B . 2
1 8 . 6
1 9 . 1
1 9 . 5

Sample
No

8
1

6
5
4
3
2

Za

620
6 1 0
500
600
7 1 0
7 9 0
7 7 0
860

TABLE 4  ( con r rd )

Me ta l  Concen t ra t i on  (ppn )
Pb Fe Cu

119 3973A
LL7 3885C)
115  41850
102 37290
r19 39250
118  36550
rr2 39350
L26 24700

37
37
33
37
38
39
40
42

Co

26
25
26
24
26
26
25
28

Mn

I  100
r  280
1 1 1 0
1080
1030
1040
1090
t3B0

% siLt
conten t

8 1 . 6
7 3 . 2
4 4 . 4
7  4 . 2
7 7  . L
8 6 . 4
7 7  . 2
8 9 . 1
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TABLE 9 - IIEAVY METAL INPUTS FROM THE TRIBUTARIES (MARCH 1983)

LOCATION SAMPLE PH SOLIDS CONCENTMTION TOTAL METALS CONCEI{TRATION (ppn)
(Grid Ref) N0 SUSPENDED TOTAL Zs Pb Fe Cu Co Mn

( p p n )  ( e /  L )

A f o n  G y f f i n A  3 9 9 e  5 . 7  l t  o  2 0 7  2 4  1 1 6 0  3 0  <  5  6 9
( 7 8 2  7 7 3 )

Afon  Roe 434A 7 .3  6  0  80  29  2500 29  <  5  69
( 7 6 8  6 9 9 )

Afon  Du lyn  4384 7 .0  5  0  78  ZZ 1300 22  <  5  33
(767 689)

Afon  Por th -  436A 7 .5  0  0  l l8  27  4L4a 27  <  5  64
Llwyd

( 7 6 7  6 7 7 )

Afon  Ddu 433A 7 .2  9  0  200 50  3680 70  <  5  60
(77 4  663)

Afon  4L7L 7 .3  2  O 970 60  4430 50  <  5  180
Crafnant
( 7 8 1  6 3 1 )

Mine s t ream 416A 7 .0  2  0  3700 6s  4600 29  <  5  494
(7eL 6L2)

Afon Llugwy 435A 7.3 2 o 750 Lzs 10900 Lzs < 5 300
(7e2  s67)

A f o n  L l e d t  4 L 4 A  6 . 9  1 3  0  4 5 5  3 2  2 7 9 a  6 t  <  5  1 6 5
( 7 9 7  s 4 2 )

Afon  Machno 4r3A 7 .6  5  0  560 Lza 3480 160 <  5  200
( 8 0 7  5 2 9 )

Afon  conwy 400A 4 .1*  6  0  590 63  5120 r05  <  5  2Lo
( 8 1 8  s 3 0 )

N a n t  y  4 1 8 A  7 , 3  2  5  2 2 4  3 2  Z Z t 6  4 8  <  5  8 8
Goron
( 8 0 4  6 0 e )

N a n t  y  4 3 9 A  7 , L  3  0  1 5 6  8 9  1 8 3 0  5 6  <  5  5 6
Gareg-ddu
(804 7  47  )

{o tes :  1 .  To ta l  so l ids  lnc ludes  par t i cu la tes  and any  prec ip i ta ted  d isso lved mat te r
2. Total  metals includes sediment-att ,ached and dissolved netals
3. *pH was measured on sample col lect ion wlth the except lon of sanple 4004

whlch was measured after 48, hours
4 .  A  denotes  poss ib l l i t y  o f  sa l lne  water  in  sample
5. Due to the very low sol lds concentrat ions in the samples the accurate

deteru ina t ion  o f  the l r  meta l  concent ra t ion  is  d i f f t cu l t  to  ach ieve .





TABLE IO - LONGITUDINAL DISTRIBUTION OF METAL ON BED SEDIMENTS. MARCH 83

Sanple
lIo

29
S 2 8

3B
S 3 8

4A
4B

S 5 8
6B

S 6 8
7 B

s 7 8
8B

S88
9 B

S 9 8
10B

S iOB
l l B

S  1 1 8
1 2 8

S  I 2 8
r38

S  1 3 8
1 4 8

S  I 4 8
1 6 8

S I T B
1 8 8

S 18B
l 9 8

S  1 9 8
S 2OB

238
S 2 4 8

258
S 2 5 8

268
S 268
S28B
S 298
S 3 O B
S 3 2 8
S338
S 3 4 8
S358
S 3 6 8

3 7 8
S 3 7 8

Note  I

Chainage
(Km)

-1  . 3
- l  . 3
-0 .8
-0 .  8
-0  .3
-0 .  3
0 .2
4 .7
0 .7
L .2
L .2
L .7
L .7
2 .2
2 .2
2 .6
2 .6
3 .1
3 .1
3 .7
3 .7
4 .2
4 .2
4 .7
4 ,7
5 .7
o . a

6 .7
6 .7
7 .3
7 .3
7 .8
9 .2
9 .7

lo ,2
10 .2
r0 .7
10 .7
t r . 8
L2 .3
12  . 8
13 .9
L4 .4
L4.9
15 .4
15 .9
r6 .5
16 .5

Cu
(ppn)

2
6

3
t2
2
2
2

23
2
2
J

2
27

2
40

3
3 l

J

33
2

34
19

J

J

4
1 9
1 5
9

1 i
L 2
1 6
r . l

20
L2
t2
27
31
22
L T

2 L
2 6
1 6
24

Zn
(ppm)

B5
50
53
45
63
61

108
70
72
76

250
85
73

L29
78
84

300
95

375
L27
289
L29
336
140
358
262
165
r59
195
205
379
300
580
296
27r
138
3L2
311
289
305
400
550
334
303
334
600
4L2
310

Pb
(ppn)

9
9
6
6
9
6

L 2
5
4
5

5 1
7
5
9
5
4

64
J

92
I

73
7

80
6

70
44
8
o

L2
L2
47
36
29
27
33
20
31
45
46
42
67
76
54
69
51
B1
79 .
73

l"1n
(ppn)

1 0 4 0
240
L29
22L
r82
r85
224
r58
r18
1 1 1
l l l

500
r30
1 1 0
186
1 2 0
1 1 8
700
1 3 9
850
1 3 9
580
1 8 4
630
t40
720
3 8 9
L69
r65
2L0
302
469
350

2500
880
7 7 4
332
57A
560

1060
8 7 0
7 6 0

r 300
940

1 4 9 0
I  5 1 0
1 1 2 0
1 9  9 0
L240

I  9890
l l 0 l 0
6090
6820
7 780
7 630
9240
8670
6500
5390

2L650
677A
6010

I  r490
6330
6430

26870
7030

37  110
8560

28970
10390
31830

77  20
29490
19060
8950
8810

1 2350
13140
2  14 r0
r8950
52940
30890
22900
29340
32 r80
22850
48880
38460
287 60
316  90
32520
4L620
38160
32250
4628A
40790

Fe  Co
(ppn )  (ppn )

7
<5
<5
<5
<5
<5
<5
<5
<5
<5
1 0
<5
<5
5

<5
<5
L 2
<5
T 4
<5
1 1
<5
1 3
<5
l 2

9
<5
5
6
6

1 1
I !

9
23
L2
l0
16
L2
lo
T6
14
L2
L4
15
19
15
L7
26
24

Pref ix  "S"  denotes taken f rom s lde,  remalnder mid-channel .





TABLE II  - PARTICLE SIZE DISTRIBUTION OF BED SEDIMENTS, MARCH 83

Grab

ianp le

N o

1 A

100

S l A

2A

S 2 A

3A

s34

4A

6A

S6A

7A

s7A

8A

S8A

9A

S9A

t0A

10A

1 1 A

l l A

L2A

l 2 A

13A

1 3 A

14A

14A

r54

15A

16A

16A

L 7 A

4 .8

13  . 6

0 .60

0 .  l r 5

0 .189

0 .  r 67

0 .  208

0 .194

0 ,  170

0 .192

S ILT

0 .  180

0 .  178

2 .00

0 .  187

0 .  180

0 .  179

o .L7  4

0 .  r 62

0 .  161

0 .  155

0 .195

0 .  158

S I L T

0 .  l g 0

Sanple

6 . 5

1 7  . 6

0 . 7  6

0 .  r 52

0 .  200

0 .  rB0

0 .  240

0 .205

0 .  180

0 .244

0 .  1B4

0 .  188

2 .L5

0 .  191

0 .  191

S ILT

0 .  190

0 .  185

0 .L72

0 .170

S I

0 .L62

0 .850

0 .  165

0 .210

S I Z  E  ( u n )

l^I30 W40 'vJ50I^Jl0 l^I20

2 . 6

9 . 5

o . 4 6

0 . 0 6

0 .  l 7 B

0 . 1 5 3

0 .  1 7 0

0 . 1 7 8

0 .  1 5 5

0 .  1 7 5

0 .  1 6 9

0 .  1 6 3

1 . 8 0 0

0 . 1 7 5

0 .  t 6 B

0 .  1 6 1

0 .  1 6 0

0 . 1 4 6

0 .  1 5 0

0 .  1 4 1

0 . 0 9 5

0 .  1 4 8

0 .  1 6 7

I^J60

large  s tones

L 2 . 6

3 3 . 0

1 . 3 5

0 .  1 8 5

0 . 2 3 7

0 .2 r7

o .294

0 ,235

0 .204

0 .232

0 .  152

0 ,2L2

0 .  215

2 .57

0 .220

0 .2 r5

0 .070

0 .2 r8

0 .2L4

0 .187

I L T

0 .  1 8 7

0.  r76

3 .300

0 .  lB2

0 . 0 9 5

0 . 2 7 3

l^I7 0

16 .0  22 .0

38 . s

r .  B0  2 .55

0 .200  0 .2 r0

0 .255  0 .272

4 ,232  0 .250

0 .310  0 .328

0 .247  0 .260

0 .2 r0  0 .220

0 .245  0 .262

0 .171  0 .182

0 .226  0 .247

0 .226  0 .240

2 .7  s  2 .97

0 .235  0 .250

0 ,225  0 .238

0 .085  0 .100

0 .228  0 .24L

0 .224  A . z t+O

4 .L92  0 .  r 99

0 .192  0 .200

0 .065

0 .  182  0 .190

4 .600  6 .700

0 .  185  0 .190

0 .104  0 .115

0 .310  0 .510

wB0 I^l90

30

7 .5

0 .245

0 .295

0 .280

0 .365

0 .277

0 .242

0 .280

0 .224

4 .270

0 .256

3 .  60

0 .27  5

o .263

0 .135

0 .260

0 .075

0 .257

0 .070

0 .210

0 .  215

0 .  101

o.zo7
1 1 . 2 0 0

0 . 2 0 5

0 . 1 3 6

3 . 3 0 0

c o n s i s t e d  o f  3

8 .3  10 ,3

22 .5  27  . 5

0 .93  1 .5

0 .166  0 .175

0 .2 r0  0 .223

0 .190  0 .2a4

o .264  0 .275

0 .2L4  0 .224

0 .188  0 .  196

0 .2L4  0 .222

0 .084  0 .125

0 .190  0 .200

0 .  1  95  0 .  205

2 .30  2 .43

0 .199  0 .208

0 .200  0 .205

0.  200

S I

0 .  1 9 5

S I

0 . 1 8 0

0 . 1 7 8

L T

0 . 1 6 6

1 . 5 5 0

0 . 1 7 1

0 . 0 7 0

0 . 2 3 0

0.2 r0

T

0 . 2 0 4

T

0. r83

S

0 .  182

0 .170

2 .320

0 .L77

0 .084

o .252





TABLE I1 ( C o n t ' d )  -  P A R T I C L E  S I Z E

S I Z E

DISTRIBUTION OF BED

(n m)

SEDTMENTS, MARCH g3

Grab

3ample

N o

i  l 7 A

18A

; 1 8 A

1 9 A

i  19A

20A

;20A

2LL

; 2  1 A

23A

i23A

24A

i24A

25A

;25A

26A

i26A

2 7 A

i 2 7  A

2BA

i28A

29A

i294

30A

i30A

3rA
i 31A

32A

i32A

33A

i33A

r^n0

0 .121

0 .  121

0 .1 r6

0 .  120

S

1 .000

0 .  86

0 .360

17 .30

0 .  305

0 .086

0 .063

9 .600

13 .  50

2 .500

0 .480

0 .225

0 .730

0 .330

2 .950

0 .7  20

I  . 150

0 .830

4 .00

w20

0 .  138

0 .  t 40

0 .  139

0 .L44

LT

2 .200

r .05

S ILT

0 .455

20 .00

0 .380

o .L25

0 .135

L4.2A0

S I L T

23 .50

6 .30

0 .850

0 .325

r .600

0 .720

6 .900

1 .400

2 .500

2 .00

7 .20

I^l30

0 .  148

0 .152

0 .  153

0 .  160

0  . 097

3 .  200

0 .082

1 .2B

0 ,5  70

22 .00

0 .  450

0 .  148

0 .154

r9  .00

29.50

11 .00

1.300

0 .380

2 .850

1  .350

10 .600

2 .550

3 .750

3 .  700

9 .60

S I

I^f40

0 .  1 5 4

0 . 1 6 0

0 .  1 6 3

0 . 1 7 0

0 .  1 2 0

6 . 3 0 0

0 .  1 0 5

L . 5 7

0 . 0 9 4

0 . 6 9 0

2 4 . 5 0

0 .  5 7 0

o. t62

0 .L62

S I

24.00

0 . 0 6 8

1 6  . 0 0

r . 850

0 .430

4 .300

3 .300

13 .20

S I

4 .400

5 .300

5 .40

S I

11  . 40

LT

I.150

0.  r5B

0 .  170

0 .L7  2

0 .176

0 .  135

9 .600

0 .  118

1 .87

0 .  110

0 .  830

28 .00

0 .730

0 .  170

0 .  170

LT

28 .50

0 .092

19 .50

2 .454

0 .490

6 .200

7  . 700

16 .  200

LT

7 .200

6 .80

6 .  30

LT

13 .00

w60

0 .  165

0 .  180

0 .  185

0 .185

0 .  145

13 .500

0 .  130

2 .25

0 .128

1 .000

33 .00

0 .970

0 .L77

0 .  180

32 .5A

0 .  110

21  . 00

3 .050

0 .560

8 .400

I  I  . 200

19 .50

10 .80

8 .25

9 .00

14 .50

w70

a .L72

0 .  195

4 .205

0 .195

0 .  155

L7 .200

0 .  140

2 .65

0 .  145

1 .  210

1 .630

0 .  199

0 .  196

0 .128

z: .  oo
3 .  850

0 .680

r0 .500

14 .800

0 .065

14 .50

9 .75

11  . 00

L6 .20

0 .077

w80

0.  r80

o .2L3

0 .230

o .zLO

0 .  166

20 .50

0 .150

3 .25

0 .155

1 .630

3 .300

0 .315

0 .  235

o. ]-0,

,s.  ro
4 .800

0 .  900

13 .500

r  9 .000

0 .087

18 .00

11  . 50

L4 .20

0 .084

18 .00

0 .092

I^I90

0 .195

0 .24L

o .265

0 .235

0 .185

23 ,00

0 .  170

4 .50

0 .  175

2 .700

6 .600

0 .730

0 .410

0 .094

0 .  170

,e .so
6 .700

1  .600

20 .500

25  .500

0 .  108

22 .50

15 .50

21 .50

0 .  108

20.  o0

0 .  116





TABLE I i  (Con t ' d )  -  PARTICLE S IZE

S I Z E

DISTRIBUTION OF BEIJ SEDIMENTS,

( m  m )

MARCH 83

Grab

ample

N o

34A

34A

354'

36A

3 6 A

3 7 A

3 7 A

38A

39A

40A

o s 4

7 3 5  h r s

o s 4

7 4 5  h r s

5 a

-y-C

5

o t e  I

I^II O

5 .700

0 .950

7 .30

0 .450

9 "300

7  . 40

13 .50

0 .  150

0 .230

0 .085

c .760

0 .  145

l'l20

7  . 900

S I

i  . 4 0 0

1 0 .  3 0

S I

0 .  5 1 0

r3 .  50

1 1 . 6 0

1 9 . 5 0

0 .  1 7 0

0 . 2 6 5

0 .  1 3 5

i . 4 5 0

0 . 1 6 0

I-I30

9 . 6 0 0

L T

2 . 1 0 0

r3 .  20

L T

0 .  5 9 0

S I

r9 .00

16 .50

25 .  30

0 .183

0 .293

0 .  r 65

1  , 850

0 .  170

l^I40

I  1  .000

3  .0s0

L6 .20

0 .  710

LT

24 .5A

2 r .50

31 .00

0 .  193

0 .320

0 .180

2 .250

0 .  178

t4I50

12  .300

0 .132

4  . 450

r9 .50

0 .069

1 .050

29 .  50

26.04

36 .00

0 .203

0 .3E0

0 .218

2 .  800

0 .  185

I'16O

13 .50

0 .  305

6 .500

24 .AA

0 .230

3 .650

30 .00

40 .00

0 .  215

0 .  480

6 .400

3 .  400

0 .  198

l^I70

14 .50

0 .400

9 .300

29 .00

0 .800

7 .500

0 .069

34 .50

43 .00

0 .230

0 .700

4 .200

0 .207

i^I80

16 .50

0 .  440

l3  . 00

1 .800

r0 .80

a .L7  2

44  .00

0 .250

1 .600

5 .500

0.220

i^190

20 .00

0 .  550

18 .00

3 .000

16 .50

0 .310

46 .  50

0 .270

14 .00

8 .100

0 .250

Samples pref ixed "S" taken f rom s ide remalnder mid-channel .





TABLE 12 -  SURFACE AREA DETERMINATIONS OF INTER-TIDAL SEDII {ENTS, SEPT 19B3

SA}4PLE
NUMBER

CHAINAGE
(kn )

PERCENTAGE CONTENT SURFACE AREA
oF  S ILT  ^2 /g  d ry  , t

C C  1 9

cc28

cc33

cc39

cc50

1 3 . 9

1 1 . 5

9 . 8

7 . 5

- 1  . 5

7  4 . 5

9 2 . 7

3 4 . 9

5 0 . 0

L 7  . 2

27  . 4

34 .0

8 ,2

r3 .6

2 .9
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TABLE L]

E lemen t
Number

I
2
J

4

6
1

8
9

10
I t
L2
I J

L 4
1 5
l 6
L I

18
19
20
2L
22
23
24
z5
26
27
28
29
30
3 l
32
33
34
35
36
37
3B

N o t e s :

N o r n a l i s e d
Lower I ' lon i tor

Ebb  F lood

ConcenL raE ion
Upper  Mon i to r

SILT MONITORING DATA ANALYS[S, 27 AUGUST.2I SEPTEMBER 1982

The concentrat ion for  each of  the
the hal f  t ide and the value g iven
throughout  the per lod of  record.

F lood

lloni tor

e lement ,s  is  d lv ided by the mean for
the average of  these values

Ebb

No upper
0.5 r30
0 .6520
0 . 6 9 2 9
0 . 7  4 8 4
0.  s47B
0 . 6 0 3 8
0 . 5 8 3 4
0 . 6 0 2 0
0 . 5 9 8 9
0 . 6 4 5 2
0 . 6 9 4 1
0 . 7  6 4 4
0 . 8 2 7 9
0 .78s4
0 .8074
0 .9914
1.0416
L .0967
r .2242
L ,2245
r .2579
L .4239
L  .537  4
1 .6980
L .5444
L .4934
r  . 6 r49
L .57  95
L  . 657  2
L .697  2
r . 2686
1 .1683
0 .9807
r .  051  7
0 .966s
0 .9917
0 .9593
0 .9449

0 . 8 9 6 4
0 , 9 L 2 6
0 . 9 3 0 7
0 . 9 6 9 7
0 . 9 7  6 L
0 . 9 7 6 1
r .0005
0 . 9 6 6 6
0 , 9 4 6 9
0 . 9 2 6 8
r  .0708
I ,  1  230
L ,2428
r .  389  1
L .5647
L .6382
1  .8061
L ,7  268
I  . 5530
L .526s
L ,257  6
r .  1416
1 .0701
r .0523
L .4922
0 .9239
1  .0300
r .0062
0 .9248
0 .8666
a .7959
0 .7  269
0 .6782
0 .5160
0 .5654
0 .83  r  2
0 .5892
0 .47  10

3B
is

1 .

2 .  The
370

data for  eaeh hal f  t ide is  in terpolated onto a f ixed t ine base of
m inu tes .





TABLE 18

Element,
Nunber

I
2
J

4
5
6
7
8
9

l 0
I I

L2
r3
l 4
15
16
L I

18
l9
20
2L
22
23
z 4
25
26
27
28
29
30
3 l
32
33
34
35
36
37
3B

Norma l i sed
Lower  Mon i to r

Ebb  F lood

Concen t raC ion
Upper I ' Ion i tor

SILT MONITORING DATA ANALYSIS,  2I  SEPTEMBER_5 OCTOBER I9B2

o  . 67  87
o  . 57  64
a  . 627  2
0 .  851 I
4 .7  442
o  . 57  L4
0 .  5609
o .6L22
4 .6436
0 .6637
0 .6782
0 .  B4  17
0 .8129
0 .  8103
0 .7660
0 .827  5
0 .8B68
0 .92L2
0  .  9615
1 .0  211
1 .  r 604
L .277  2
L ,3124
L .4295
1 .5103
1 .  5069
I  . 8235
r .7108
1  .  6165
1 .4490
L  . 4477
r .  4028
r  . 3595
1 .3489
l .  t l 03
1 .  1 t  60
I  . 0448
1 .038 r

I  . 0162
r .0456
I  . 0528
r .0795
1  . 0686
1 .0539
I  . 04  l 2
L .427  4
I  . 0362
r .  I 436
1  .3829
L ,6L67
L .7  495
l .  7839
1  .3940
r .3249
L  . 37  66
1 .  4488
r  .4538
L .3255
L .L926
1 .3025
L .2295
L .20L7
0 .9468
0 .7901
0 .8 r07
0 .8048
0 .7930
0 .  6852
0 .6346
0 .525 r
0 .4680
0 .4489
0  .4688
0 .4841
0 .5023
0 .7  209

Ebb

0 . 2 8 4 6
0 . 0 5 0 4
0 . 0 4 2 9
0 . 0 5 7 5
o.o7  23
0 .  2 0 3 3
0 .  I  9 4 8
o . 2 4 3 9
0 . 3 8 5 6
0 . 4 8 1  r
o  . 5 7  9 4
0 . 4 7  4 5
0 . 5 1 8 5
0 . 7 8 0 5
0 . 7 8 6 1
0 . 8 0 1 2
0 . 8 6 3 2
0 .  B 9 3 B
r  .0305
1 .  1 5 4 6
L . 4 A 6 2
r .  o  l ) )

1 . 8 8 3 9
1 .  9 3 0 5
1  . 9 5 7 8
1 . 9 8 6 5
1 .  B 3 r 6
r .  8 7 2 8
1  . 8 9 3 7
1 .75s3
|  . 77  32
2 .  r 301
1  . 8256
L .9236
1  . 8981
L .87  20
L .7  465
1 .8704

F l o o d

L . 7  4 9 4
1 .  5 9 5 8
L , 5 4 2 6
1 . 5 1 0 2
1 . 7 3 3 0
2 . 0 6 6 r
2 . 2 L 7  2
2 . 0 5 3 4
L . 7 7 4 A
1 .  5 0 0 7
L . 4 L 4 6
r .5  r54
1 .6 r8 r
1 .  6369
1 .6854
l .  587  I
L .4345
r .  5  107
L .4L62
r . t 484
1 .0546
0 .  B8B4
0 .8933
0 .  7  508
0 .6535
0 .  s853
0 .5226
0 .5424
0 .  7  138
0  , 427  9
0 .3L7  4
0 .2442
0 ,1462
0 .  1198
0 .  r 283
0 .1442
0 ,27  69
0 .  r 4B2

N o t e s :

1.  The concentrat ion for  each of  the 38 e lenents is  d iv ided by the mean
the hal f  t ide and the value g iven is  the average of  t .hese values
throughout  the per iod of  record.

data for  each hal f  t ide is  in terpolated onto a f ixed t lne base of
m inu tes

f o r

2 .  The
370





TABLE 19 SrLT MONrrORniG DATA ANALYSTS, 5 OCTOBER-7 NOVEI. {BER 19g2

E lemen t  No rma l l sed  Concen t . ra t i on
Number  Lower  l l on i t o r  Uppe r  Mon i to r

Ebb  F lood  Ebb  F lood

I
2
J

4
5
()
7
8
9

1 0
I I
L 2
1 3
L 4
l 5
l 6
1 7
L I

1B
r9
20
2L
22
23
24
25
26
27
28
29
30
3r
32
33
34
35
36
37
38

N o t e s :

0 .4029
0 .  3653
0 .37  66
0 .392 r
0 .4 r48
4 .4426
0 .5040
0  . 47  04
0 .4483
0 .5 r59
0 .48B8
0 .  s596
0 .5890
0 .  s803
0 .5379
0 .  5408
o  .7  384
0 .  865  1
I  . 0703
1 .  r 95 r
1 .3480
L .5597
L .7  527
1 .7  997
L .96s2
1 .  9865
1 .  9320
1 .8398
I  . 8368
L ,4406
I  .  2011
t .  I  r 23
1 .  1083
1 .0  704
1 .0415
r .0071
1  .0005
1 . r400

L  . 37  L4
l .  3695
L .2735
I . 1 l 7 r
r . 0341
r .0554
r .  r 507
r .0688
0 .9862
0  .  8813
0 .  B9B9
r  .003  5
r .  1298
L .3497
L  . 47  53
L  ,5927
1 .6344
L ,5222
L .4549
r .4339
L .3222
L .2280
L .L223
L .0432
0 .9398
0 .  9007
0 .8337
0 .7  640
0 .697  5
0 .677  2
0 .5933
0 .5261
o .5420
0 .4903
0 .4666
0 .4344
0 .4296
0 .4639

0 .6332
0 .6348
0 .  6460
0 .  6433
o  . 647  4
0 .6929
0 .7302
0 .7  927
0 .7  490
4 .8227
o .8226
0 .  B  103
4 .7  5L7
o .7723
o .7  448
0 .7  582
0 .7  637
0 .  8328
0.9228
0 .9988
L .O7  67
L . t 728
1 .2871
L .42L3
1  .  6190
L .7  37  5
I  . 3887
r .3308
r .3492
1 .  3350
1  . 3591
L .407  6
1 .4041
L .3977
L .3222
L .37  52
t .3822
1 .3304

r  .  3015
L . 3 7  1 4
1.39r r
l .  2803
1 .250 r
r .  2303
I  . 3505
r .436B
r  . 3187
L .29L7
1 .  r 654
L .L464
L .2609
1 .3413
L .3322
r .2932
L .257  B
L .257  0
L .225L
1 .07  r5
L .AL27
0 .9937
4 .947  6
0 .989  I
0 .9534
o ,B7  34
o .BL72
o .B r7  2
0 .7877
0 .7  455
0 .7  464
0 .7  626
0 .7  222
0 .6953
0 .707  4
0 .7038
0 .647  5
0 .5953

1 . The eoncentrat ion for  each of  the 3g e lenents is  d iv ided
the hal f  t lde and the value g iven is  the average of  these
throughout  the per iod of  record.

da ta  f o r  each  ha l f  t i de  i s  i . n te rpo la ted  on to  a  f i xed
mlnutes

by the rnean
values

t ine base of

f o r

2 .  The
370





TABLE 20

E lenent
Nurnber

I
L

J

4
5
6

8
9

r0
I 1
L2
13
I 4

15
16
L I

1B
r9
20
2L
22
23
24
25
26
27
28
29
J U

31
32
33
34
35
36
37
3B

N o t e s :

0 .  3660
0 .3496
0 .  3461
0 .  3  388
0 .  360 r
0 .4004
0 .  5665
0 .6075
0  . 5  949
0 .6  63  r
0 .629L
0 .6  r36
0 .6600
0 .5815
0 .57  69
0 .5944
o .7  466
0 .  7  918
r  . 0988
L .37  7  5
1 .3059
r .4681
1 .5907
r .7  628
r .9493
2 .0  r  16
2 .0499
2 .0656
2 .0369
r .  889  1
L .70A2
L  . 47  92
1  .  0319
0 .7  277
0 .5344
0 .6908
0 .7020
0 .5227

0 . 8 5 9 8
0 . 9 3 9 5
0 . 9 9 3 9
i  . 0 1 5 8
1 . 1 4 9 1
L . 2 5 4 5
L  . 3 7  0 7
r  . 3 9 8 9
L . 2 9 6 6
L , 2 2 L 9
L , 2 L 2 2
L , 2 7  2 9
I  . 3 5 3 2
L . 4 4 5 2
1 . 5 6 3 5
L . 6 4 5 2
L , 7  4 4 6
1 .  8 2  1 6
r . 7 0 5 5
L . 4 9 L 9
1  . 3 3 6 8
L.2207
r .087  7
1 . 0 5 3 4
r  .0299
4 .9644
0 .  94  l s
0 .8479
0 .  7593
0 .7052
0 .6615
0 .63s6
0 .5869
0 .s203
4 .4695
0 .4366
0 .4029
0 .3790

SILT MONITORING DATA ANALYSIS,  13 JANUARY-s FEtsRUARY T9B3

Nor rna l i sed  ConcenEra t i on
Lower I ' lon i tcr  Upper Moni tor

Ebb  F lood  Ebb  F lood

Upper l lon i  tor

da ta  no t

analysed

1.  The concentrat ion for  each of  the 38 e lements ls
the hal f  t ide and the value g iven is  the average
throughout  the per lod of  record.

2.  The data for  each hal f  t ide ls  lnEerpolated onto
370  m inu tes .

divided by the nnean
of  these values

a f ixed t ime base of

f o r





E lernent
Nunber

I

2
J

4
5
6
7
B
9

l 0
l l
L 2
1 3
L 4
1 5
1 6
L 7
l 8
r9
20
2L
22
23
24
25
26
27
2B
29
30
31
32
J J

Jr+

35
36
37
38

N o t e s :

0 . 3 4 5 6
0 . 3 2 0 6
0 . 4 6 2 2
0 .  6 4 5 5
1 . 1 9 5 8
o . 7  9 9 4
0  . 5  9 4 5
o . 6 3 9 2
o . 6 4 6 2
0 .  6 5 6 1
0 . 6 0 2 0
0 . 5 9 5 9
0 . 5 4 8 8
0 .  5  9 0 4
o . 6 6 2 3
o . 7 0 7 3
0 . 7  3 4 5
0 . 7 6 1 1
0 . 8 8 9 7
0 . 9 6 8 1
1  . 0 2 5 8
l .  1 7 1 1
L . 4 2 s 2
L . 6 8 4 7
L  . 7  9 5 7
1 .  8 9 0 6
L . 9 2 7 9
1 .  8 6 5 8
I  . 8 2 5 9
1 .  7  6 5 0
L  . 7  9 9 6
1 . 5 8 8 4
I . 7  8 5 4
L . 7  2 6 L
1 . 5 0 1 2
r .397  4
1  . 3 8 4 8
1 . 3 5 8 6

0 .8627
0 .8813
0 .8959
o ,9326
1 .0320
L ,L224
r .  r 137
L , t227
1 .1173
r . .009 r
0 .9772
0 .  9238
o .B7  27
0 .9344
1 .0431
1 .4878
r .6663
L .5295
1 .5662
1 .4933
L .527  4
1 .623 r
1  . 561 r
1 .  3280
r .6255
L .4AZ5
L .2967
L .3447
I  . 0347
0 .  7B r6
0 .6952
0  . 647  |
0  . 601 r
0 .6880
4 .5202
0 .3940
0 .3576
0 .3 r96

Upper

data

analysed

l ' lon i tor

nol

TABLE 2L SILT MONITORING DATA A}{ALYSIS, 9-27 FEBRUARY 1983

Normal ised  Concent ra t lon
Lower  Mon i to r  Upper  Mon i to r

Ebb P lood Ebb F lood

1 . The concentrat ion for  each of  the 38 e lenents is  d iv ided by the nean
the hal f  t ide and t ,he value g iven is  the average of  chese values
throughout  the per lod of  record,

f o r

2'  The data for  each hal f  t ide ls  in terpolated onto a f ixed t ine base of
370  n inu tes .





E lement
Number

I

2
3

5
6
7
8
v

t 0
l l

L2
I3
L4
15
l6
L7
r8
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

0 .859 r
0 .7  934
0 .  7  313
0 .7  707
0 .8382
0 .8250
0 .8494
1 .0  156
1 .0134
0 .8401
0 .7  r  13
0 .  7  150
0 .7626
0 .8012
0 .8192
0 .8380
0 .8451
0 .  8607
0 .8969
0 .  8854
0 .9830
1 .0553
I  .  1059
1 .  1660
1 .2313
t .  3095
L .26L7
1 .  3008
1  . 3386
i . 3548
1  . 3206
1 .  3  rB7
1 .2931
l .  2288
1 .1556
1 .1648
1 .1554
0 .9341

TABLE 22 SILT I'{ONITORING DATA ANALYSIS, L9-22 APRIL T983

Norma l i sed  Concen t ra t i on
Lower l { .onl tor  Upper 

' l . {oni tor

Ebb  F lood  Ebb  F lood

1 . 1 1 6 6
L . L 2 3 4  U p p e r  M o n i t o r
L . r 7  2 0
I . 1 5 3 1  d a t a  n o r
I  .  1 0 1 4
0 . 9 9 7  9
0 .8930 ana lysed
0 . 8 2 3 1
0 . 7 7  6 8
0 . 7  4 0 9
0 . 7 0 8 2
0  .  6 8 1 2
a . 6 7  2 4
0 .  6 8 4 8
0 . 6 8 3 9
0 .  7  1 8 1
0 . 9 0 1 7
1  .  0 4 1 1
r . 1 3 7 8
1 . 1 9 3 6
1 . 1 0 5 1
1 .  1  2 8 4
1 .  1 9 1 4
L . 2 6 4 4
L . 4 3 6 2
1.  s057
1 . 5 1 1 6
L . 4 L O 2
L . 2 7 9 2
1 . 1 8 2 9
1 . 1 0 1 1
r  .0  230
0 .9298
0 .8602
0 .7846
0 .  7  515
o .7  L77
0 .7309

N o t e s :

1.  The concentrat ion for  each of  the
the hal f  t ide and the value g iven
throughout  Ehe per lod of  record.

elements is divlded by the rnean
the average of  these values

38
is

f o r

2.  The daEa for  each hal f  t ide is  ln terpola. ted onto a f ixed r ine base of
370  n inu tes .





TABLE 23 SILT I" IONITORING DATA ANALYSIS, 7-25 JUNE r9B3

E lemen t
Nunber

I
2
J

4
5
6
7
8
9

1 0
r1
L 2
r3
L 4
1 5
I 6
L 7
l 8
r9
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B

N o t e s :

0 . 7  6 2 0
0 . 7 7 8 4
0 . 9 7  6 7
0 .  8 8 7 5
1 .  r 6 3 6
r  .  0 1 5 8
1  . 0 5  7 8
L . 2 5 6 9
1  . 4 0 9 9
L.  L347
1 . 1 7 4 8
L . L 6 7 9
r  . 3 0 7 6
L . 4 8 2 3
L . 3 5 4 2
I  .  1 3 1 1
0 . 9 0 9 3
0 .  8 9 1 1
0 . 9 4 4 7
o . 9 2 5 6
0 . 9 5 6 1
0 .  9 6 6 8
0 .  9 9 B B
1 . 0 0 9 7
0 . 9 7  9 6
0 . 9 4 2 6
0 . 8 8 2 3
0 .  8 3 6 5
0  .  8 1 7 0
0  .  8 1 8 6
0 . 8 3 1 0
0 . 8 6 6 4
0 .  B B 5 9
0 . 9 r 7 9
0 . 9 9 s 9
0 .  9 2 8 5
0 . 8 1 0 7
0 .  7  9 8 5

0 .  7 6 3 0
0  .  8 6 1 2
L . 3 2 7  5
1 . 0 3 7 5
0 . 8 5 7 6
0 .  7 0 3 9
0 . 6 8 0 2
0 . 6 8 9 7
0 , 6 r 7 0
o . 5 7  4 7
0 . 6 3 8 9
0 . 7  6 0 2
0 . 8 2 4 4
0 . 8 8 8 9
4 . 9 9 9 2
r  .0433
r .2L26
L . 4 0 9 6
L . 4 6 6 9
L . 2 4 6 L
L.2087
1 .  1 9 3 4
1 . 2 3 9 r
L . 2 L 9 7
L . L 7  9 4
1.  3  r32
1 . 3 6 7 3
r . 2 3 6 0
L . L 2 B 4
1 . 0 8 0 7
1 . 0 1 6 5
0 .  9 3 7 0
0.  8406
o . 7 7 L 4
0  . 7  3 9 2
0 .  8  1 2 8
4 . 6 3 9 4
0 . 5 5 0 2

Norma l l sed
Lower l, lonitor

Ebb  F lood

Concen t ra t i on
Upper  l { on i t o r

E b b F lood

U p p e r l , Ioni t o r

daLa  no t

ana l ysed

1 .  The  concen t ra t i on  f o r  each  o f  t he
the hal f  t ide and Ehe value g iven
t .hroughout  the per lod of  record.

elements is div ided by the ruean
the average of these values

38
is

f o r

2 .  The  da ta  f o r  each  ha l f  t i de  l s  i n te rpo la ted  on t ,o  a  f i xed  t i ne  base  o f
370  n inu tes .





TABLE 24 SILT MONITORING DATA ANALYSIS, 13-30 JT'LY 1983

ElemenE
N urobe r

I

2
J

4
5
6
'l

d

9
l 0
1 l
L 2
I J

L4
15
l6
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
3 l
32
33
34
35
36
37
3B

0 . 4 8 8 8
o . 4 6 6 4
0 .  5 6 9 1
0 . 7  7  4 9
0 . 7  3 2 8
0 . 6 7  6 9
0  .  7 1 3 8
0 . 9 7  2 7
t . 0 4 3 2
L . 2 1 4 9
1 . 0 1 l 8
0 .  7 8 8 2
I  . 0 6 1 1
1 . 0  3 1 6
1  . 0 1 1 9
1 . 0  7 5 8
1 . 1 9 2 3
1 .  2  1 3 5
L . 2 8 5 2
1 .  I  3 6 6
L . L 7 4 3
1 . 1 5 5 3
1 . 1 8 8 7
1 . 2 8 8 4
1 . 2 1 0 6
1 .  1 0 5 0
L . 0 2 9 6
L . 0 7  7 7
1 . 0 9 0 0
L . t 2 4 2
a . 9 8 4 2
0 . 9 0 6 3
0 . 9 5 9 8
0 .  9  3 0 0
0 . 8 8 5 8
I . 4 L L 2
L . 5 2 7  5
2 . 0 0 5 3

L . 7 9 2 3
1 . 6 3 0 8
r . 4 4 6 L
L . 0 9 6 7
L . L 7  2 9
L . L 4 4 6
L , L 2 5 6
l .  r  1 6 8
1 . 0 6 0 8
L . 2 7 8 6
0 . 7  4 7  3
0 . 8 2 3 9
0 . 9 8 4 6
1 .  1 8 8 8
L , 1 5 6 2
r .3299
1 .3192
r .  1685
1 .1306
1 .1901
1 .3793
1 .3686
1  .3380
r .1696
1 .0146
0 .97  69
0 .9683
0 .8604
0 .8s84
a .7 907
0 .6945
0 .635 t
0 .  6168
0 .5  125
0 .4920
0 .5437
0 .5425
0 .  5  196

Norma l i sed
Lower l , lon i tor

Ebb  F lood

ConcenEra t i on
Upper  Mon i to r

Ebb  F lood

Upper l ' lon i tor

da ta  no t

analysed

N o t e s :

t .  The concentrat ion for  each of  the 38 e lenents is  d iv ided by the mean
the hal f  t lde and the value g iven is  the average of  Ehese values
throughout  the per lod of  record.

2.  The data for  each hal f  t lde is  in terpolated onto a f ixed t fune base of
370  n inu tes .

f o r
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