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ABSTRACT

The oeesurement of the suepended gedinent concentrat iona in r ivere, harboure
and t idal  basine ie often a crucial  part  of  a hydraul ic engiaeering etudy.
Predict ion of the rate of ai l tat ion of f ine aedincat fron the rater can only
be computed i f  the concentrat ions of aediment in auepenaion are knoyn over a
per iod  o f  t iue ,  typ ica l l y  in  the  order  o f  nonths .  Accord ing ly ,  there  has
beeu a denand for rel iable auepended sol ids ceosore which are capable of
be ing  uced in  f ie ld  a i tua t ionE as  reoote  mon i to ra .

In  e i tu  f ie ld  measurement  o f  sed inents  in  auspena ion  ie  acknowledged to  be  a
very  d i f f i cu l t  p rocerE.  Uost  popu lar  op t ica l  ne thods  su f fe r  f ro rn
conb ina t ions  o f  the  fo t low ing  prob lena l

1 .  Degradat ion  o f  op t ica l  tu r facee by  b io log ica l  end chen ica l
contaninat ion

2.  In f luence o f  anb ien t /eua l igh t  e f fec ta
3 .  Teupera ture  e f fec te
4, Pover coneunpt ion
5.  Re l iab i l i t y  o f  lamp eourcee
6. Pernaneat eeal ing
7.  Cor roa ion

This sork waa done to establ ish the f ie ld perfornance of a recent
introduct ion to the aenoor market.  This report  deacribee the evaluat ion of
the l lEX-3DC Suepended Sol ids l leter manufactured by EUR-Control .  Evaluat ion
took the forn of a laboratory inveat igat ion of the long gap sensorfE
stabi l i tyr  and responres to teoperature, fornazin aod nud euapensione, and a
f ield tr ia l  in which the sensor rras deployed with an appropriate logging
systen st Grengenouth on the Fir th of Forth.

The instruoent appeared rel iable and coneir tent in output and hae the
advaatage of being sel l  sui ted to eaters shere very rapid algal or marine
contaminat ion  reau l te  in  the  need fo r  f requent  e i te  v ig i tg  to  c lean
8 e n 8 0 r 8 .

The cooparat ive f ie ld tr ia l  of  the l . tEX-3DC sesnor with a Partech sensor at
Grangemouth indicated thst the tso inatruments gave broadly eini lar patteros
of euspended sedinent concentrat ions vi th t ine. However,  the concentrat ions
recorded by the ! |EX-3DC sensor were alnaye between 0.1-0,6glL higher than
thoEe given by the Partech. Thia corresponded to di f fereoces expresaed in
terns of the Partech concentrat ions, of  between 100-3002.

The PEC env i ro log  seg chogen fo r  ie  e inp t ic i t y ,  lov  cos t  and ava i lab i l i t y .
There sre other nore guitable data loggere e.g. Golden River or DRS shich
are recoi lqrended for future appl icat iong.

The short  gap sensor ehould be evaluated shich wi l l  enable higher

:::: i l ff: l :"r 
( 0.5sll) ro be neaaured and a further field triat io

l fe wi l l  not,  however,  be developing thie instruuent.  The developuent rrork
done for thie project centred on the f ie ld data logging uethod; we have
conc luded tha t  the  logger  i s  no t  sa t is fac to ry .



The sensor has recent ly been deployed on one overEeas contract and is
perforning. sat iEfactory. lhe diaadvantages are coat,  long del ivery, and
[I .S.A. eourcing. I t  is a matter of  judgeuent shich type of inatruneot to
uee for shich appl icat ion -  this work haa enabled us to nahe s nore inforned
judgenent.  I t  s i l l  not reduce contract costs in terme of capital
inveatment .  I t  shoEld  pern i t  leaa  f requent  a i te  v is i ta  on  f ie ld
invest igat ions and reduce eervice coat8.

Other  cont rac tore  w i l l  be  ab le  to  benef i t  f ron  th is  work  by  nak ing  ava i lab le
the report  t .o then. Eydraul ice Regearch Ltd are often aeked t .o nake
reconnendat iono on al l  typea of neaaurenent iuatrunentat ion.
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1 INTRODT'CTION

The measurement  o f  the  suspended sed iment

concent ra t ions  in  r i vers ,  harbours  and t ida l  bas ins  is

o f t e n  a  c r u c i a l  p a r t  o f  a  h y d r a u l i c  e n g i n e e r i n g  s t u d y .

Pred ic t ion  o f  the  ra te  o f  s i l ta t ion  o f  f ine  sed iment

f rom the  water  can on ly  be  computed i f  the

concent ra t ions  o f  sed iment  in  suspens ion  are  known

over  a  per iod  o f  t imer  typ ica l ty  in  the  order  o f

months .  Accord ing ly r  there  has  been a  demand fo r

re l iab le  suspended so l ids  sensors  wh ich  are  capab le  o f

be ing  used in  f ie l .d  s i tua t ions  as  remote  mon i to rs .

For  many yeers  now,  Hydrau l i cs  Research  has  used an

opt ica l  tu rb id i ty  meter  manufac tured  by  Par tech

Ins t ruments .  A l though i t  has  per fo rmed reasonab ly

we l l  in  the  pas t  i t  was  recogn ised tha t  i t  had  a

number of disadventeges and was somewhat outdated in

the  perspec t ive  o f  cur ren t  techno log ies .

There fore ,  a  research  pro jec t  v ras  fo rmula ted  l t i th  the

ob jec t ive  o f  deve lop ing  a  robus t  and accura te

low-power  suspended sed iment  sensor  su i tab le  fo r

unat tended dep loyment  as  a  mon i to r  in  the  f ie ld .

I n i t i a l t y ,  i t  w a s  e n v i s a g e d  t h a t  a  t h e o r e t i c a l

appra isa l  and labora tory  tes ts  wou ld  be  under taken to

inves t iga te  the  l igh t  sca t te r ing  phenornena o f  s i l t

s u s p e n s i o n s  a n d  t h a t  a  s o l i d  s t a t e  f i e l d  t r a n s d u c e r

sys tem wou ld  be  deve loped.  However ,  i t  became

aDparent  in  the  ear ly  s tage o f  the  programme tha t  a

propr ie ta ry  t ransducer  had become ava i lab le  wh ich

Dossessed rnany  o f  the  a t t r ibu tes  wh ich  Hydrau l i cs

R e s e a r c h  w e r e  s e e k i n g  t o  a c h i e v e ,  i . e :

a )  S o l i d  s t a t e  e m i t t e r s  a n d  d e t e c t o r s

b) Low power consumption

c)  Pu lsed opera t ion  to  e l im ina te  ambien t  l igh t ing

e f f e c t s



TECNNICAL

DESCRIPTION

Genera l

d )  Four  pa th  ra t io ing  techn ique to  min imise  the

ef fec ts  o f  unequa l  w indow fou l ing .

I t  was  the re fo re  dec ided  no t  t o  i nves t i ga te  t he

p roposed  angu la r  and  wave leng th  dependenc ies  o f  l i gh t

sca t te r i ng  bu t  t o  pu rchase  and  eva lua te  t he  new

prop r i e ta ry  t r ansduce r .

This  repor t  descr ibes  the  eva lua t ion  o f  the  MEX-3DC

Suspended So l ids  Meters  manufac tured  by  EUR-Cont ro1 .

Eva lua t ion  took  the  fo r rn  o f  a  labora tory  inves t iga t ion

o f  t h e  s e n s o r t s  s t a b i l i t y ,  a n d  r e s p o n s e s  t o

tempera ture ,  fo rmaz in  and mud suspens ions ,  and a  f ie ld

t r ia l  in  wh ich  the  sensor  was dep loyed w i th  an

appropr ia te  logg ing  sys tem a t  Grangernouth  on  the  F i r th

o f  F o r t h .

T h e  E U R - c o n t r o l  s o l i d  6 t a t e  s i l t  s e n s o r  c o r n p r i s e s  a

M E X - 3 D C  s u s p e n d e d  s o l i d s  m e t e r  a n d  a  R D - 1 2 0 / 2 5

measur ing  probe.  The ins t rument  nas  ider r t i f ied  fo r

dep loymenE a t  remote  s i tes  because o f  i t s  low power

consumpt ion  ( less  than 50mA a t  L2  vo l ts  DC)  and r tquad

gap"  p r inc ip le ,  wh ich  compensa les  fo r  uneven d i r t

bu i ld -up  on  the  probe w indow and reduces  main tenance.

The ou tpu t  s igna l  f ro rn  the  sensor  i s  ad jus ted  by  zero

a n d  s p a n  c o n t r o l s .

The sensor  in i t ia l l y  ob ta ined w i th  the  ins t rument  \ ras

a  w ide  gap type wh ich  was su i ted  to  low concent ra t ion

m e a s u r e m e n t s  t y p i c a l l y  u p  t o  0 . S e l t .

i n s t r u m e n t  u s e s  t w o  l i g h t  e m i t t i n g  d i o d e s  ( L E D ' s )

two  pho tode tec to rs  moun ted  i n  t he  measu r i ng  p robe

2 .1

2 . 2  O p e r a t i n g

p r i n c i p l  e

The

and



(F ig  1 ) .  Opera t ing  on  the  four -bearn  op t ica l

t ransmiss ion  pr inc ip le  the  MEX-3DC is  ab le  to

automat ica l l y  compensate  fo r  uneven bu i ld -up  on  the

probe w indows as  we l l  as  op t ica l  component

v a r i a t i o n s .

Each o f  the  four  l igh t  pa ths  is  sampled  w i th  the  LEDrs

a l te rna t ive ly  on  and o f f  wh i le  the  two photodetec tors

are  opera t ing  cont inuous ly .  When LED 1  is  on  (see

F ig  1 ) ,  the  two photodetec tors  rece ive  two s igna ls

wh ich  are  d i f fe ren t  to  each o ther  due to  the  d i f fe ren t

length  o f  the  l igh t  pa ths  X l  and X2,  S i rn i la r l y ,  when

LED 2  is  on l  the  pa th  lengths  X3 and X4 are  d i f fe ren t

thus  caus ing  d i f fe ren t  s igna ls  to  the  two

p h o t o d e t e c t o r s .

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

logar i thn ic  conver te r  to  l inear ize  the  absorp t ion

func t ion .  Each phase o f  the  measurement  i s  cor rec ted

for  ambien t  l igh t  by  samol ing  the  s igna ls  w i th  bo th

L E D I s  o f f  a n d  f e e d i n g  t h e  " o f f s e t ' r  c o r r e c t i o n  b a c k  t o

Ehe logar i th rn ic  conver te r .

3 LABORATORY

EVALUATION

3 . 1  I n t r o d u c t i o n

The output of the l , lEx-3TJC, was a 0-5V DC signal which

was mon i to red  fo r  the  purposes  o f  these labora tory

t e s t s  u s i n g  a  d i g i t a l  v o l t  m e t e r  ( D W )  a n d  a  c h a r t

r e c o r d e r .

To  se t  the  ins t rument  up ,  the  zero  was f i xed  by

p l a c i n g  t h e  s h i e l d e d  p r o b e  i n  p a r t i c l e  f r e e  w a t e r  a n d

ad jus t ing  the  ou tpu t  to  zero  us ing  the  ZERO

potent iometer .  The read ing  o f  the  po ten t iometer  was

6 . 1 6  ( t  0 . 5 2 )  f o r  a l l  t h e  t e s t s .  T h e  S P A N  w a s  s e t  t o

the  max imum 5V wi th  a  1000ng/ l i t re  suspens ion  o f



3 . 2  S t a b i l i t v

K a o l i n  o r  1 0 0 0 p p m  f o r m a z i n  e q u i v a l e n t .  A l l  t h e

s e t t i n g - u p  p r o c e d u r e s  w e r e  m a d e  u s i n g  r h e  3 0  e e c o n d

t ime  response  to  m in im ise  the  f l uc tua t i ons  i n  t he  DV I ' !

and  i ns t rumen t  d ig i t a l  r eadou ts .  The  va r i a r i ons  i n

the  readou ts  \ r i t h  sed imen t  i n  suspens ion  were

su f f i c i en t  t o  make  i t  ve ry  d i f f i cu l t  t o  gauge  by  eye  a

mean  va lue  a t  t he  m in imum t ime  response .  Because  o f

t h i s ,  use  was  made  o f  t he  cha r t  r eco rde r  t o  reco rd  t he

ou tpu t  and  i n te rDre t  a  mean  va lue .

I , l hen  h igh  sed imen t  concen t ra t i ons  we re  be ing  measu red

(  >  4 0 0 - 6 0 0 * g / t )  t t r e  i n s t r u m e n t  a u t o m a t i c a l l y  s w i t c h e d

f r o m  t h e  h a l f  d e p l e t i o n  m o d e  t o  f u l 1  d e p l e t i o n .  T h i s

i n d i c a t e d  t h a t  t h e  c o n c e n t r a t i o n  w a s  t o o  h i g h .  I n

p r a c t i c e  t h e  o u t p u t  s c a t t e r  i s  c o n s i d e r a b l y  i n c r e a s e d

i n  f u l l  d e p l e t i o n  a n d  a  d i f f e r e n t  c a l i b r a t i o n  s l o p e  i s

o b t a i n e d .  A t  t h e  c h a n g e  o v e r  p o i n t ,  t h e  h a l f / f u l l

l i g h t  f l i c k e r e d .

Shor t - te rm s tab i l i t y  was  de f ined as  ' rwarming-up ' r  t ime

Wi th  the  recorder  hav ing  be ing  swi tched on

for  30  minu tes  ( to  ensure  i t  has  no  e f fec t  on  the

warming-up per iod)  the  MEx-3DC was swi tched on  w i th

t h e  h e a d  i n  a  m u d  s u s p e n s i o n  ( 2 4 0 m g / 1 ) .  A f t e r

20  seconds,  the  ou tpu t  had reached ovet  95 i l  o f  i t s

max imum va lue .  The max imum va lue  was reached a f te r

about  2  minu tes .  The averag ing  per iod  fo r  the  s igna l

had been se t  to  i t s  min imum va lue  o f  1  second.

Wi th  a  30  second per iod  over  wh ich  the  s igna l  was

averaged,  the  max imum va lue  was no t  reached fo r  some

5 - 1 0  m i n u t e s .

L o n g - t e r m  s t a b i l i t y  w a s  o n l y  p o e s i b l e  t o  a s c e r t a i n  i n

t e r m s  o f  z e r o  d r i f t .  N o  d e t e c t a b l e  z e t o  d r i f t  w a s

found up  to  24  hours .  A t temPts  to  de termine dr i f t  in

ou tpu t  w i th  a  suspended sed iment  p roved inconc lus ive



3.3  Tempera ture

resPonse

3 . 4  R e s p o n s e  t o

p a r t i c l e / f l o c

s i z e  d i s t r i b u t i o n

as  i t  was  imposs ib le  to  keep a  sed iment  in  suspens ion

wi th  cons tan t  concent ra t ion  and s ize  d is t r ibu t ion .

The e f fec t  o f  ra is ing  the  tempera ture  f rom 5o to  35oC

was inves t iga ted  us ing  bo th  a  fo rmaz in  suspens ion

wi th  a  so l ids  concent ra t ion  equ iva len t  to

700mg and a  par t i c le  f ree  h ta te r .  No change in  the

read ing  was recorded fo r  the  par t i c le  f ree  waEer  thus

ind ica t ing  a  s tab le  zero  va lue .  The change recorded

for the forrnazin suspension l tas of the order ot a 27,

inc rease as  the  tempera ture  was ra ised by  30"C.  Th is

could have been due to a change in the size

d is t r ibu t ion  o f  the  fo rmaz in  suspens ion  w i th  the

cont inuous  s t i r r ing  necessery .

A s  i n  a l l  s e n s o r s  b a s e d  o n  t h e  e x t i n c t i o n  o f  v i s i b l e

or  near  v is ib le  rad ia t ion ,  the  ou tpu t  i s  Propor t iona l

t o  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  p a r t i c l e s  i n

s u s p e n s i o n  ( F i g  2 ) .  U n d e r  t h e  l a b o r a t o r y  c o n d i t i o n s ,

the  sed iment  tes ted  was kept  in  suspens ion  by  a

magnet ic  s t i r re r  in  a  cy l indr ica l  vesse l .  The degree

of  shear ,  and there fore  the  s ize  o f  the  f loccu la ted

f ine  sed iment r  w i l l  depend on  bo th  the  s t i r r ing  speed

and the  or ien ta t ion  o f  the  probe.

Output  s igna l  sca t te r  was  no t iced  on  some occas ions

and a cur ious and unexplained phenomenon also

occurred which is shorm in Figure 3. With a constant

s t i r r ing  speed and a  f i xed  probe or ien ta t ion  a

cyc l i ca l  var ia t ion  in  char t  s igna l  f requency  and

arnp l i tude was no ted .  Assuming no  e lec t ron ic  causet

the  imp l ica t ion  was tha t  the  f loc  s ize  was chang ing

over  a  90min  cyc le .  Var ia t ion  in  ampl i tude had been



3 . 5  R e s p o n s e

formaz in

t o

n o t e d  t o  c o i n c i d e  w i t h  f l o c c u l a t i n g  c o n d i t i o n s  ( i n

th is  case there  was 300mg/ l  sed iment  in  sea water )  bu t

t h e  f r e q u e n c y  o s c i l t a t i o n  i s  o u z z l i n g .  T h i s

phenomenon \ras obeerved in both the shielded and

unsh ie lded probe bu t  the  unsh ie lded probe showed the

ef fec t  to  a  g rea ter  ex ten t .  Th is  may have been due to

a n  o r i e n t a t i o n  e f f e c t  o f  t h e  a s y m m e t r i c a l  c r y s t a l s

a l i g n i n g  i n  a  p r e f e r r e d  d i r e c t i o n  i n  t h e  f l o w  a n d

showing ' rop t ica l  b i re f r igence" .  Th is  however  i s

u n l i k e l y  t o  o c c u r  i n  n a t u r a l  s u s p e n s i o n s .

The d iameter  o f  the  in f ra - red  beam (wave length  880nm)

is  unknown but  p resumably  must  be  very  smal l  i f  the

e f f e c t  o f  f l o c  s i z e  i s  c a u s i n g  t h e  s c a t t e r .  S o m e  o f

t h e s e  e f f e c t s  h a v e  b e e n  n o t e d  i n  t h e  N o v o s i n a  A n a l y t e ,

a n  i n f r a - r e d  b a c k - s c a t t e r  s u s p e n d e d  s o l i d s  m e t e r .

F o r m a z i n  i s  a n  o r g a n i c  c r y s t a l l i n e  s o l i d  w h i c h  i s

p rec ip i t a ted  i n  so lu t i on  by  m ix ing  two  reagen ts  and  i s

t h e  b a s i c  s t a n d a r d  u s e d  i n  t u r b i d i t v  m e a s u r e m e n t s .  I t

s i zed  s t ruc tu re  and  g i ves  a

r e p r o d u c i b l e  o p t i c a l  d e n s i t y  r e a d i n g  i n  b o t h

t r a n s m i s s i o n  a n d  r e f l e c t i o n  t u r b i d i m e t e r s .  I t s

d e n s i t y  i s  s i g n i f i c a n t l y  l e s s  t h a n  t h a t ,  o f  s i l i c a

based  sed imen ts  and  so  a  t u rb id i tY  s tanda rd  o f  say

t000ppm does  no t  con ta i . n  1000mg so l i ds .  I t  i s  a l so

wh i te  i n  co lou r  f i . ,  u , rT t l  and  thus  abso rbs  l ess

r a d  i  a t  i o n .

The fo rmaz in  ca l ib ra t ion  w i th  a  poss ib le  max imum of

l 0 0 0 p p m  w a s  f o u n d  t o  b e  a  s l i g h t  c u r v e  ( F i g  a ) .



3 .6  Response  to  mud

suspens  i ons

Three mud suspensions and a Kaol. in suspension lrere

tee ted  and the i r  ca l ib ra t ion  curves  der ived .  The SPAN

cont ro l  was  se t  to  g ive  a  5V outpu t  w i th  a

1000mg/1  Kao l in  suspens ion .  Th is  was an  aPProx i rna te

f igure  as  the  t {EX was in  the  fu l l  dep le t ion  mode.

Other mud samples covered the range of types that are

commonly tested. A dark-brown mud, a red-brown and a

grey  mud (Hong Kong) .  As  these samples  were  bed

s e d i m e n t s ,  n o t  s u s p e n d e d  m a t e r i a l ,  a l l  w e r e  s i e v e d  t o

remove Ehe > 38 pn fract ion and the cal ibrat ion curves

are  shown in  F igure  5 .  I t  can  be  seen tha t  the  co lour

o f  the  mud has  a  s ign i f i can t  e f fec t  on  the  ca l ib ra t ion

and on  the  max imum concent ra t ion  tha t  can  be  measured.

The darker the mud, the higher the outPut for a given

concent ra t ion .  The s ize  d is t r ibu t ions  o f  the  muds are

not  s ign i f i can t ly  d i f fe ren t  (F ig  6 ) .  The s tandard

Par tech  v is ib le  l igh t  t ransmiss ion  tu rb id imeter  does

n o t  s h o w  t h i s  e f f e c t  t o  a n y  e x t e n t .  I t  i s  s u s p e c t e d

tha t  ins t ruments  in  wh ich  rad ia t ion  sca t te r  p lays  a

s ign i f i can t  par t  in  the  ou tpu t  a re  more  sub jec t  to

th is  phenomenon.  The Novos ina  Ana ly te  a lso  measures

backscaEtered  in f ra - red  rad ia t ion  and exh ib i ts  a

s i m i l a r  e f f e c t .  F u r t h e r  w o r k  i s  n e c e s s a r y  i f  t h e  t r u e

r e a s o n  f o r  t h i s  e f f e c t  i s  t o  b e  e s t a b l i s h e d .

An addit ional cal ibrat ion was obrained frorn the Hong

Kong mud with a maximum of 500mg/1 for both shielded

a n d  u n s h i e l d e d  c o n f i g u r a t i o n s  ( F i g  7 ) .



4

4 .1

FIELD TRIAL

In t roduc t  ion

4 . 2  L o g g i n g  s y s t e m

Fie ld  t r ia ls  o f  the  I ' ' tEx-3DC s i l t  sensor  and da ta

l o g g i n g  s y s t e m  n e r e  c a r r i e d  o u t  f i r s t  i n  O c t o b e r  1 9 8 6

a n d  s u b s e q u e n t l y  f o r  a  l o n g e r  p e r i o d  s t a r t i n g  i n

February  1987 and end ing  in  Apr i t  1987.  The s i te  fo r

t h e  f i e l d  t r i a l s  w a s  i n  t h e  R i v e r  F o r t h  a t  G r a n g e m o u c h

docks  where  a  Par tech  s i l t  mon i to r ing  sys tem r . ras

a l r e a d y  i n s t a l l e d .  T h i s  e n a b l e d  a  d i r e c t  c o m p a r i s o n

to  be  made between the  two svs tems.

The ex is t ing  Par tech  sys tem cons is ted  o f  two 0-1000ppm

range sensors  ca l ib ra ted  to  2000ppm,  one pos i t ioned

0.3rn  above the  bed and the  o ther  a t  the  lowest

as t ronomica l  t ide  leve l  ( tAT) .  Each was connected  to

a  Rust rak  char t  recorder .  The MEX-3DC sensor  \ tas

mounted w i th  the  lower  Par tech  sensor  a t  0 .3m above

t h e  b e d .

The  MEX-3DC con t ro l  e l ec t ron i cs  we re  packaged  i n  a

s u i t a b l e  e n v i r o n m e n t a l  b o x  t o g e E h e r  w i t h  a  s m a l l  s o l i d

s t a t e  t o g g e r  -  t h e  P . E . C  E n v i t o l o g .  T h e  d a t a  i o g g e r

had  a  memory  capac i t y  o f  2KB  and  was  b r i e fed  and

d e b r i e f e d  u s i n g  a n  E p s o n  H x - 2 0  p o r t a b l e  c o m p u t e r .

B r i e f i ng  i nvo l ved  p rog ramming  the  l ogge r  t o  reco rd

da ta  eve ry  15  m inu tes  and  g i v i ng  i t  o the r  i n fo rma t i on

such  as  da te ,  t ime  and  t ype  o f  senao r .  A l t hough  the

logge r  reco rded  eve ry  15  m inu tes  t he  senso r  \ ^ tas

work ing  con t i nuous l y  and  hence  e l im ina ted  any  warm up

t ime  p rob lems .  The  l ogge r r  P rog rammed  i n  t h i s  manner ,

was  capab le  o f  r eco rd ing  and  s to r i ng  seven  days  o f

d a t a ,  a f t e r  w h i c h  t i m e ,  i t  h a d  t o  b e  e x t r a c t e d  o r

deb r i e fed  us ing  the  Epson  compu te r .



4 .3 C a l i b r a t i o n

The ex is t ing  Par tech  sys tem was ca l ib ra ted  on  s i te

us ing  fo rmaz in  so lu t ions  o f  known concent ra t ions .

Bot t le  samples  o f  r i ver  h la te r  were  taken a t  the  s i te

and the  ca l ib ra ted  Par tech  was d ipped in to  the  sarnp le

and the  read ing  no ted .  The bo t t le  samples  were  la te r

ana lysed in  the  labora tory  fo r  concent ra t ions  o f

s u s p e n d e d  s o l i d s  a n d  u s i n g  t h e  f o r m a z i n  c a l i b r a t i o n

curve  a  re la t ionsh ip  be tween fo rmaz in  and r i ver  so l ids

was found (F ig  8 ) .  A lso  shown in  F igure  R is  the

labora tory  ca l ib ra t ion  o f  the  Par tech  us ing

suspens ions  made up f rom mud wh icb  had been co l lec ted

f rom Grangemouth  dur ing  a  p rev ioue pro jec t  s tudy .

Due to  d i f f i cu l t ies  exper ienced in  ca l ib re t ing  the

l" lEX-3DC sensor during the October deplovment and in

v iew o f  the  resu l ts  o f  the  labora tory  eva lua t ion  i t

nas  dec ided no t  to  ca l ib ra te  the  sensor  us ing

formaz in .  There fore  so lu t ions  o f  known s i l t

concent ra t ions  were  made up us ing  mud wh ich  had been

co l lec ted  f rom Grangemouth .  Before  dep loyment ,  the

ins t rument  rdas  ca l ib ra ted  severa l  t i rnes  us ing  these

so lu t ions  and th is  was found to  be  repeatab le ,

A l though the  sensor  was des igned fo r  measur ing  low

concent ra t ions  ( typ ica l l y  <  500mg/1)  i t  was  known tha t

the  suspended so l ids  concent ra t ions  a t  Grangemouth

w e r e  l i k e l y  t o  b e  i n  t h e  r a n g e  o f  0 - 2 0 0 0 n C / 1 .

There fore ,  the  sensor  ldas  repeated ly  ca l ib ra ted  over

th is  range and the  resu l ts  f rom the  ca l ib ra t ion  were

bet te r  than expec ted  (F ig  9 ) .  The ins t rument  l {a r }  on

ha l f  dep le t ion  mode a t  1200rng/1  and a t  1500mg/1  t raa

swi tched to  fu l l  dep le t ion  mode w i th  an  uns tab le

s i g n a l .

The ca l ib ra t ion  was checked on  s i te  be fore  dep loyment

and aga in  one month  la te r  dur ing  a  main tenance v is i t

us ing  the  suspens ions  o f  Grangemouth  mud prepared fo r

the  labora tory  ca l ib ra t ion  (F ig  10)  These two

ca l ib ra t ions  rdere  s imi la r  and exh ib i ted  a  near  l inear



4.4  Compar ison o f

Mex-3DC and

Par tech

r e l a t i o n s h i p  b e t w e e n  s u s p e n d e d  s o l i d s  c o n c e n t r s t i o n

and ou tpu t  vo l tage up  to  concent ra t ions  o f  about

1 5 0 0 m g / 1 .

The read ing  f rom the  Par tech  was recorded every  two

seconds on  the  Rust rak  char t  recorder ,  an  example  o f

wh ich  is  shown in  F igure  11 .  The I ,1EX-3DC sysEem

l o g e e d  i t s  r e a d i n g  e v e r y  1 5  m i n u t e s .  I t  w a s  d e c i d e d

to  ana lyse  four  days  wor th  o f  da ta  wh ich  were  se lec ted

t o  b e  r e p r e s e n t a t i v e  o f  t h e  w h o l e  o f  t h e  r a n g e  o f

poss ib le  concent ra t ions .  In  February  1987 the  max imum

s p r i n g  t i d e  o c c u r r e d  o n  2 8 1 2 1 8 7  a n d  t h e  s u s p e n d e d

so l ids  concent ra t ions  recorded by  bo th  ins t ruments  on

t h a t  d a y  a r e  s h o w n  i n  F i g u r e  1 2 .  B o t h  i n s t r u m e n t s

p icked up  the  same peaks  in  the  suspended so l ids

a l t h o u g h  t h e  l 4 E X - 3 D C  s e n s o r  r e c o r d e d  c o n s i s t e n t l y

h igher  concent ra t ions .  A t  low concent ra t ions  the

M E x - 3 D C  g a v e  c o n c e n t r a t i o n s  a b o u t  O . Z g l l  h i g h e r ,

w h e r e a s ,  a t  h i g h  c o n c e n t r a t i o n s  i t  w a s  o f t e n  0 . 5 g / 1

h igher  than the  Par tech  concent ra t ions .

F igure  13  shows the  resu l ts  f rom a  neap t ide  day .  The

t \do  sensors  fo l low the  sam€ broad pa t te rn  wh icb  is  one

o f  l o w  s u s p e n d e d  s o l i d s  c o n c e n t r a t i o n s  w i t h  t w o  a b r u p t

p e a k s  a t  1 4 . 3 0 h r s  a n d  1 7 . 3 0 h r s .  B o t h  i n s t r u m e n t s

p icked up  these peaks  bu t  once aga in  MEX-3DC sensor

w a s  r e c o r d i n g  c o n c e n t r a t i o n s  t y p i c a l l y  0 . L i g l t  h i g h e r

than the  Par tech .  Two more  days  o f  da ta  were  ana lysed

on mid  range t ides  and the  resu l ts  a re  shown in

F igures  14  and 15 .  In  bo th  g raphs  the  MEX-3DC and

Par tech  fo l low the  same pat te rn  a l though the  MEX-3DC

i s  a g a i n  b e t w e e n  0 . 1 - 0 , 4 g l t  h i g h e r  t h a n  t h e  P a r t e c h .

I lowever  in  F igure  14  the  Par tech  recorded peaks  a t

1 1 . 3 0 h r s  a n d  2 0 . 2 0 h r s  t h a t  t h e  M E X - 3 D C  s e r r s o r  d i d

n o t .

1 0



5 .1

cof,ctttsloNs AllD

RECOIIIUENDATIONS

C o n c l u s i o n s 1 .

2 .

The ine t rument  appeared re l iab le  and cons is ten t

in  ou tpu t  and has  the  advantage o f  be ing  we l  I

su i ted  to  waters  where  very  rap id  a lga l  o r  mar ine

contaminat ion  resu l ts  in  the  need fo r  f requent

s i t e  v i s i t s  t o  c l e a n  s e n s o r n .

The na tura l  var ia t ion  in  sed iment  concent ra t ion

wi th in  the  sna l l  sens ing  vo lume causes  a  rap id

f l u c t u a t i o n  i n  d i g i t a l  r e a d o u t .  T h i s  n u s t  b e

smoothed w i thout  incur r ing  apprec iab le  de lay  i f  a

reproduc ib le  read ing  is  requ i red  w i th in  90

s e c o n d g .

Ca l ib ra t ion  w i th  the  mud under  tes t  l r i l l  be  nore

necessary  than w i th  the  Par tech  type  ins t rument

but ,  w i th  the  lower  max imum concent ra t ion ,  the

c a l i b r a t i o n  c u r v e s  a r e  e s s e n t i a l l v  l i n e a r .

The fu l l  dep le t ion  mode must  be  avo ided un less

reduced accuracy  is  accepted  and separa te

c a l i b r a t i o n  c u r v e s  a r e  u s e d .  T h e  p o i n t  a t  w h i c h

the  ha l f  dep le t ion  mode becomes sa tura ted  var ies

wi th  the  co lour  o f  the  sed inent  bu t  ean be  as  low

a s  4 0 0  n C / l .

The compara t ive  f ie ld  t r ia l  o f  the  MEX-3DC sensor

wi th  a  Par tech  sensor  a t  Grengenouth  ind ica ted

tha t  the  two ine t ruments  gave broad ly  s imi la r

pa t te rns  o f  suspended eed inent  concent ra t ions  w i th

t ine .  However ,  Ehe concent ra t ions  recorded by  the

M E X - 3 D C  s e n s o r  w e r e  a l w a y s  b e t w e e n  0 . 1 - 0 . 6 g l t

h igher  than those g iven by  the  Par tech .  Th is

cor responded to  d i f fe rences  expreseed in  te rms o f

t h e  P a r c e c h  c o n c e n t r a t i o n s ,  o f  b e t w e e n  1 0 0 - 3 0 0 2 .

3 .

4 .

11



5 .2  Recommenda t i ons

The PEC env i ro log  was chosen fo r  i t s  s imp l ic i t y ,

low cos t  and ava i lab i l i t y .  There  are  o ther  more

s u i t a b l e  d a t a  l o g g e r s  e . g .  G o l d e n  R i v e r  o r  D R S

which  are  recommended fo r  fu tu re  app l i ca t ions .

2 .  The  sho r t  gap  senso r  shou ld  be  eva lua ted  wh ich

w i l l  e n a b l e  h i g h e r  c o n c e n t r a t i o n s  (  0 . 5 g / 1 )  t o  b e

measu red  and  a  f u rEhe r  f i e l d  t r i a l  i s

recommended .

t 2
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Fig 1 Four-beam t ight operat ing pr incipte
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Fig 3 tycticat variat ion in output from MEX- 3DI sensor



cn

. o
#
fo
L

c
U

o
TJ

+-
J
o

E,
cn
3

rns2  3
F ' .

\ o t f  +

-
: b . o
o J o -  t

N t n  s
o-(U

I
b

to
:tr

Fig 4 tat ibration curve of Mtx-3Dt sensor with Formazin



@ g r

C()
l:
ro
L

+
C(u
E

v o' L J

(U
-o()(-
CL

E
g,

I'

.g
a

c'r
C
o
:<

E P
= E 6

J -

E v

=sE
o
=PE. t r

;i c rl,
v  

-  
> . 5  E

EEY3E
A o j 1 9 Y u _

\

\

e€
\O \O

\ o

\  b3.

\  

N ' | r ^

\-{.r
\

\ ,
\

>'-___- \.

1ry 1nd1ng

\-\

. o
(u
o-
(U

T'

f
LL

Fig 5 tal ibrat ion curves of MtX-30[ sensor with sample muds



O(>
o

c>
O

O

C
3
o
L.

E'
o,
x.

3
o(-

-o
.tc
a-
ro
cl

>\(u
a-
cn
I

Ctl
c
o

)<
cn
c
o
r

o o c ' o o
O c O \ O - + ( \

{qb laA r (q azts . rapun " / "

E
_1

(U
. !
tJ1

Fig 6 Part icte size distr ibut ion of sampte muds



PE
\ct rn

o E
a- lo
( U o

r\ tn

+

J

or- \

' ( / \
\  

'eL

cn

C,
. 9
ro
L-
c
(U
tJ
E
o

tJ

(^ )  lnd ln0

Fig 7 Shietded and unshietded cat ibrat ion curves of  MEX-3Dt
senson with Hong Kong mud



+\ \ -. \
f \ l  m

v

f\

l
E
1

\ J A
r {

c!

{J

r n o

L

o 0'l
Ld

I

\ n
cI'=

,_.<{
L \  l t 1

t  - 7 w t

- r_r a,
U L L

F - A'-. .\

LL .!,
t ur
7
Ld
t \  ( \

U l l v v

( r

O

t
o

/ \
I
a-
/'r

V

oz
; N\ J 4

tr
O
LL

aoooooooooo
O o t d l l . . ( o t f ) \ t r q N r

CN IC\TJU

Fig I Iat ibration curves of Partech sensor with formazin,
r iver sotids and Grangemouth mud



(]

(o --i. o
r f-!

!
-H

sl--t
-

;
": ol

z
Or :

-  kn
IY
F
Zo
Ltl(nO
(-

V O

L)
!

q f , c
,^: (\

\
(f

N #
; u l
!J

ooooooo
9o,aoN(on\ i

9N ICVf U

{cl

+{]

-t€

{<I

+ H

]ED

EKT)

Fig 9 Laboratory cat ibrat ion curves of MEX-3Dt sensor
with Grangemouth mud



nj

(o

(n

sl-
".  fr
- ( ]

I
, : F )

\ l
n l' - '  

.?c r t
'2

C t x

r - f r '
F--

Ld
oJ (J r...

. - l -

/ -  f f l, ^ :1-,' I
-' l. \l

I(c' c{
C')

tr
.+

;
t l

o.l

(.-.1

,.-
c ' l  :qqqF. :  qq\ t r . rc . t :q
Fe-oc loooooo (J ( )

(n) :cvtro^

r: L\,

Ld
r l
g
_J
n
t \

1
I

I

or
frl
t-'t

CJ
I

l l

L

O
( ' l

s..

\
-&
. . \ L J \ \,

\
\..\

\rp

'r.E

\ '1-e
''\

t t

\
t\

* . \

Fiq 10 Fietd cat ibrat ion curves of MEX-3Dt sensor
with Granoemouth mud



E
o
'b
t l

trl
o
z
E.

?
tr

E
rh

I

t !

z
E,

(f

tr

Fiq 11 TypicaI  Par tech sensor  output  to  Rustrak char t  recorder .



{
U
{J

P
.^r L
u t o
l u
U
c
t-" +
trj

F

U.
:l
ti

Ct Ctr ttl N \O rfl + t'r) C.l r O CIr C0 l. (() rn,f r.lt C! r O
c " i r  -  r - r r _ r , J t J O O O C ) O O C l O

(J/ o7 f'Jotrvut_Nl cruoc

t t

m
I

( !

I
6
(\l

Fig 12 [omparat ive f  ietd tr iaI  of MEX-3Dt sensor :  spring t ides



s.
0
(.t

P
,_\ L-
a o
!o
_c\--/ +
I.IJ

F

u
f
IJ

(J () dl N (D rr1 $ 19 N r () Ot Crl N @ n t n c.l - O
c ' i  -  . -  -  -  -  -  -  -  *  -  o  o do < l  c j  o  oo a j

| / 67 [Jo r]-vuL-r.Ji ]l-Jo :)

i - .
ff'\

I
N
I

tr)
c.l

Fig 13 [omparat ive f ietd tr iat  of MEX-3DC sensor :  neap f ides



s
(J
qJ

-F
/'\ l-
0 t c
L n
l *
\J

-c.
v +

IJ

i-r

tr
f
LtJ

f..
m
I

.:{
I

N

q,? q N. q q t I ry : q e q \ q rn 1 rr| cJ : q
N  -  ' _  -  -  r  r  F  r  r  r  O  ( 3  ( ) O  O  C t  O  O O  O

(.t/ g) r'Jotrvutf.Jf 3No3

w-+-1lll

Fig 14 [omparat ive f ietd tr iat  of MEX-3Dt sensor :  mean t ides (1)
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