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In  d i t  r a p p o r t  worden een  a a n ta l  m o g e lijk h ed en  b esp ro k en  v o o r h e t  m eten 

van  de i n -  o f  u i t v o e r  van  o rg a n is c h e  s t o f  n a a r  o f  v a n u i t  de O o s te r s c h e ld e . 

Een d e r g e l i j k e  i n -  o f  u i t v o e r  v e r te g e n w o o rd ig t een  n u tr ië n te n s tro o m  d ie  • 

van  g ro o t  b e la n g  kan z i j n  v o o r een  e s tu a r iu m  en h e t  k w a n t i f ic e r e n  d aa rv a n  

zou  h e t  i n z i c h t  in  een  d e r g e l i j k  eco sy steem  v e r b e te r e n  (P e rk in s  1974, p . 

152; B igelow  e t  a l .  1977, pp , 2 0 1 -2 1 5 ). D it  g e l d t  in  h e t  b i jz o n d e r  voo r 

de  O o s te r s c h e ld e  w aar de  to e k o m s tig e  i n -  o f  u i t v o e r  van  o rg a n is c h e  s t o f  

g e w ijz ig d  kan  worden d o o r een  s to rm v lo e d k e r in g  (B igelow  e t  a l .  1977, pp . 

2 0 1 -2 1 5 ) .

I n  tw eede i n s t a n t i e ,  k an  een  d e r g e l i j k e  m e tin g  g e b r u ik t  w orden v o o r h e t  

i j k e n  van  h e t  P o lan o  m odel, een  e c o lo g is c h  m odel van  de O o s te rs c h e ld e  o n t ­

w ik k e ld  d o o r de "Rand C o rp o ra tio n "  en  de D e l t a d ie n s t  (B igelow  e t  a l .  1977). 

Een van  de m o d e lu itk o m sten , g e b a se e rd  óp de v o e d s e lb e h o e f te  van  bodem dieren  

en  de  v o e d s e lp ro d u k t ie  b in n e n  de O o s te r s c h e ld e ,  i s  een  gem iddelde  in v o e r  

van  700 to n  o rg a n is c h e  s t o f  p e r  24 u u r .  Een o n a fh a n k e l i jk e  m e tin g  van  de 

w e r k e l i jk e  in v o e r  kan  dus g e b r u ik t  w orden om h e t  m odel t e  k a l ib r e r e n .

Een van  de m o g e lijk e  m eetm ethoden w o rd t v e rd e r  o n d e rz o c h t en  g e ë v a lu e e rd  

aan  de hand van  een  a a n ta l  v erkennende  v e ld m e tin g e n . De r e s u l t a t e n  h ie rv a n  

su g g e re re n  d a t  h e t  w e l l i c h t  ra o g e lijk  z a l  z i j n  een  in v o e r  t e  m eten van  de 

o rd e  g r o o t t e  v o o rs p e ld  doo r h e t  P o lan o  model m .b .v . de  g e b ru ik te  m ethode.
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Een a a n t a l  p r a k t i s c h e  p ro b lem en , z o a ls  h e t  t i j d s t i p  van de m etingen  in  

r e l a t i e  t o t  h e t  g e t i j ,  m onsternarae b i j  s l e c h t  w eer, en  h e t  a a n t a l  b e s c h ik ­

b a re  schepen  zouden n a d e r  o n d e rz o c h t m oeten w orden v o o rd a t een u i t g e b r e i -  

d a r  s e r i e  van m etingen  ondernomen kan  w orden.

Summary

The p u rp o se  o f  t h i s  p a p e r  i s  to  exam ine th e  f e a s i b i l i t y  o f  m easu ring  an 

im p o r t o r  e x p o r t  o f  o rg a n ic  m a t te r  i n t o  o r  from  th e  E a s te rn  S c h e ld t ,

The n u t r i e n t  lo a d  r e p r e s e n te d  by an in  o r  o u tf lo w  o f o rg a n ic  m a tte r  can 

be o f  g r e a t  s ig n i f i c a n c e  f o r  an e s tu a r in e  sy stem  and i t s  m easurem ent 

sh o u ld  c o n t r ib u te  to  th e  u n d e rs ta n d in g  o f  such  a  sy stem  (P e rk in s  1974, 

p .  152; B igelow  e t  a l .  1977, p p . 2 0 1 -2 1 5 ), T h is  i s  e s p e c i a l l y  t r u e  f o r  

th e  E a s te rn  S c h e ld t  w here a  p r o je c te d  sto rm  su rg e  b a r r i e r  in  th e  t i d a l  

e n tra n c e  w i l l  m odify th e  f u tu r e  in  o r  o u tf lo w  o f  o rg a n ic  m a tte r  (Bigelow 

e t  a l .  1977, p p . 2 0 1 -2 1 5 ),

Such a  m easurem ent w ould , i n  a d d i t io n ,  s e rv e  as  a  check on th e  Po lano  

m odel, an e c o lo g ic a l  m odel f o r  th e  E a s te rn  S c h e ld t  r e c e n t ly  d ev e lo p ed  

as a  r e s u l t  o f  c o o p e ra tio n  .betw een th e  Rand C o rp o ra tio n  and th e  D e lta -  

d ep a rtm en t o f  " R i jk s w a te r s ta a t"  (Bigelow  e t  a l .  1977) . One o f th e  model 

o u tp u t s ,  b a se d  on th e  fo o d  re q u ire m e n ts  o f  th e  b e n th ic  community (m ainly  

c o c k le s  and m u sse ls) and th e  food  p ro d u c tio n  in  th e  e s tu a r y  i s  a mean 

n e t  im p o r t o f  o rg a n ic  m a t te r  e q u a l t o  c a  700 m e tr ic  to n s  p e r  24 h o u rs .

An In d e p e n d e n t m easurem ent o f  t h i s  im p o rt w ould se rv e  as a  check on th e  

m odel.
In  t h i s  r e p o r t  a number o f  ap p ro ach es  in  th e  l i t e r a t u r e  a re  rev iew ed  

Which m ig h t be  u sed  to  m easure th e  n e t  t r a n s f e r  o f  o rg a n ic  m a tte r .

One approach  i s  t r e a t e d  i n  more d e t a i l  and s e rv e s  as  th e  b a s i s  f o r  

an i n i t i a l  s e r i e s  o f  f i e l d  m easurem ents c a r r i e d  o u t  t o  t e s t  th e  

f e a s i b i l i t y  o f  th e  a p p ro a c h . The r e s u l t s  o f  th e s e  f i e l d  m easurem ents 

s u g g e s t  t h a t  i t  i s  p ro b a b ly  f e a s ib l e  t o  -measure an im p o rt o f  th e  o rd e r  

o f  m agnitude p r e d ic te d  b y  th e  P o lano  model u s in g  th e  method o u t l in e d .

Some p r a c t i c a l  p ro b lem s, such  as  tim in g  o f  th e  m easurem en ts, rough 

w e a th e r , th e  number o f  a v a i l a b l e  s h ip s  and equ ipm en t w ould have to  

be  c o n s id e re d  in  more d e t a i l  b e fo re  a  s e r i e s  o f  m easurem ents co u ld  be 

c a r r i e d  o u t .
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1. D e f in i t io n  o f  th e  sy stem

y
The E a s te rn  S c h e ld t  i s  a  w e l l  m ixed e s tu a r y  w ith  an av erag e  d ep th  o f

2
8 m and an a r e a  o f  480 km in  th e  so u th w e s te rn  re g io n  o f  th e  N e th e r la n d s  

(see  F ig . 1 ) .

F ig . 1. E a s te rn  S c h e ld t  re g io n
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Ca 1 ,1  X 10 m o f  w a te r  move in  and o u t  o f  th e  e s tu a r y  p e r  mean t i d a l  

c y c le .  S in ce  c o n s tr u c t io n  o f  th e  V olkerak  dam was com ple ted  in  1969 th e  

in f lu e n c e  o f  r i v e r  w a te r  d is c h a rg e d  by th e  Shine and  th e  Meuse h as  been 

g r e a t l y  red u ce d  (average  p r e s e n t  in f lo w  o f  r i v e r  w a te r  th ro u g h  th e  

V olkerak  s lu i c e  g a te s  i s  15-40 m / s ) . The t o t a l  s a l i n i t y  v a r ie s  betw een 

18 and 34 grams p e r  l i t e r ,  th e  low er v a lu e s  b e in g  found o n ly  in  th e  

v i c i n i t y  o f  th e  V olkerak  s lu ic e s . .

The flow s o f  o rg a n ic  m a t te r  i n t o  and o u t  o f  th e  e s tu a r y  a re  o u t l in e d  in  

F ig . 2 . Flows r e s u l t i n g  from  r a i n f a l l ,  sewage d is c h a rg e ,  and d is c h a rg e  

o f  w a te r  th ro u g h  th e  V olkerak  dam a re  c o n s id e re d  to o  sm a ll to  b e  s i g -



n i f i c a n t  and a re  n o t  r e p r e s e n te d .

. /
F ig . 2 . Flows o f  o rg a n ic  m a tte r  to  and from th e  e s tu a r y

M = m in e r a l iz a t io n p rim a ry

p ro d u c tio n

E a s te rn  S c h e ld t
,1 = im p o rt from  N orth  Sea

f r e e  w a te r  p h ase  .
E « e x p o r t  to  N orth  Sea

S = se d im e n ta tio n re s u s p e n s io n

consum ption by b e n th ic  o rgan ism s

L e t  Ó « c o n c e n tr a t io n  o f  o rg a n ic  m a t te r ,  p a r t i c u l a t e  as  w e ll  as 

d i s s o lv e d ,  i n  th e  w a te r  o f  th e  e s tu a r y  

V = volume o f  e s tu a r y  

t  = tim e

I  = im p o rt o f  o rg a n ic  m a tte r  i n t o  th e  e s tu a r y  from  s e a  v i a  

t i d a l  exchange

E = e x p o r t  o f  o rg a n ic  m a tte r  from th e  e s tu a r y  t o  s e a  v i a  

t i d a l  exchange

M «= m in e r a l iz a t io n  o f  o rg a n ic  m a tte r  by o rgan ism s in  e s tu a r y  

p s= p rim a ry  p ro d u c tio n  o f  o rg a n ic  m a tte r  in  e s tu a r y  

K = consum ption  o f  o rg a n ic  m a tte r  by  b e n th ic  o rgan ism s in  e s tu a r y  

R *= in p u t  o f  o rg a n ic  m a tte r  due to  re su sp e n s io n  o f  b o tto m  m a te r ia l  

in  e s tu a r y

S -  lo s s  o f  o rg a n ic  m a tte r  due to  se d im e n ta t io n  in  e s tu a r y

A mass b a la n c e  f o r  o rg a n ic  m a tte r  can be w r i t t e n  as fo llo w s : 

dO
(1) — —  X V = I  -  E + P +  R -  M -  K -  S 

d t

For th e  sake  o f  s im p l ic i ty  th e  v a r io u s  form s o f  o rg a n ic  m a tte r  

( p a r t i c u l a r ,  d is s o lv e d ,  c o l lo id a l )  have been lumped to g e th e r .  The 

te rm s P and K can be  ro u g h ly  e s t im a te d  from p r e s e n t ly  a v a i la b le  d a ta .  

The te rm s M and R -  S , though d i f f i c u l t  t o  m easu re , can be im p o r ta n t 

and d e se rv e  a t t e n t i o n .  T h is  r e p o r t  conce rn s  i t s e l f  w ith  th e  m easure­

m ent o f  I  and E.
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2 . A l te r n a t iv e  m ethods o f  m easu rem en t'

. /
2 ,1 .  I n d i r e c t  m easurem ents

Postm a (1961) p o s t u l a t e s  a  t i d a l  mechanism f o r  th e  t r a n s p o r t  o f  su sp en d ed  

m a tte r  from  th e  mouth o f  a  t i d a l  I n l e t  tow ards th e  i n t e r i o r  and p r e s e n ts  

f i e l d  m easurem ents in  s u p p o r t  o f  t h i s  m echanism . The t i d a l  i n l e t  c o n s id e r ­

e d ,  th e  "D a n tz ig  G at" in  th e  "Wadden Z ee", i s ,  l i k e  th e  E a s te rn  S c h e ld t ,  

w e l l  m ixed and  n o t  s u b je c t  t o  any s i g n i f i c a n t  in f lu e n c e  from  r i v e r  w a te r .  

A cco rd ing  to  P ostm a, t h i s  mechanism i s  r e s p o n s ib le  f o r  m a in ta in in g  th e  

much h ig h e r  c o n c e n tr a t io n s  o f  su spended  m a t te r  found w ith in  th e  "D an tz ig  

G at" in  com parison  to  th e  open s e a  o u ts id e .  He u ses  m easured  v a lu e s  f o r  

th e  av e ra g e  c o n c e n tr a t io n  o f  su sp en d ed  m a tte r  o v e r  a  number ó f  sam p lin g  

p o in t s  w i th in  th e  e s tu a r y  as  w e l l  as o u ts id e  th e  i n l e t  to g e th e r  w ith  

v a lu e s  f o r  th e  av e rag e  t i d a l  w a te r  exchange to  c a l c u la te  th e  mean lo s s  

o f  su sp en d ed  m a t te r  from  th e  i n l e t  due to  t i d a l  ex ch an g e . Suspended  

m a t te r  i s  a l s o  rem oved from  th e  e s tu a r y  by d e p o s i t io n  on th e  mud f l a t s .

In  o rd e r  t o  m a in ta in  th e  h ig h e r  c o n c e n tr a t io n s  in s id e  th e  i n l e t ,  a c t iv e  

t r a n s p o r t  w ould  have t o  c o u n te rb a la n c e  th e s e  lo s s e s .  A summary o f  h i s  

r e s u l t s  i s  g iv e n  in  T ab le  1.

T ab le  1. Summary o f  P o s tm a 's  r e s u l t s  f o r  th e  "D an tz ig  G at"

L oss o f  su sp e n d ed  m a t te r  ( s m a l le r  th a n  64 m icrons) from  th e

e s tu a r y  due to  t i d a l  exchange = E x (C,̂  -  C^)

= 5 .6  x IO7 x  (75 -  30) mg/1 -  25 x 10^ kg p e r  t i d e  *

w here E = av e ra g e  t i d a l  exchange

a v e ra g e  c o n te n t  o f  su sp en d ed  m a t te r  ( < 6 4 ^ 0  in  e s tu a r y  

Cg- " " " " " " o u ts id e  e s tu a r y

Loss o f  su sp en d ed  m a tte r  (<  64 U ) due to  d e p o s i t io n  on
5 *mud f l a t s  n e a r  th e  sh o re  = 2 x 10 kg p e r  t i d e

Gain o f  su sp e n d ed  m a tte r  (<  6 4 ^ )  due to  a c t iv e  t r a n s p o r t

o f  s i l t  i n  th e  d i r e c t i o n  o f  th e  sh o re  = sum o f  th e  lo s s e s

~ 27 x 10^ kg p e r  t i d e  *

In  e f f e c t ,  Postm a u se s  a  s im p l i f i e d  v e r s io n  o f  th e  mass b a la n c e  

p r e s e n te d  in  e q u a t io n  (1) . d o /d t  i s  assum ed to  be z e ro  o v e r  th e  lo n g

& , To ro u g h ly  c o n v e r t  th e s e  f ig u r e s  to  e q u iv a le n t  am ounts o f  o rg a n ic  

m a t te r ,  m u l t ip ly  by 0 .1 0 .



ru n ; S -  R i s  e s t im a te d  as w e l l 'a s  ï  and E; p ,  M and K a re  n o t  tak en  

i n t o  a c c o u n t.

W olff (1975) u ses  P o s tm a 's m ethod to  c a lc u la te  th e  im p o rt o f  p a r t i c u l a t e  

o rg a n ic  carbon from  th e  N orth  S ea t o  th e  G rev e lin g en  e s tu a r y .  He u ses  

m easured v a lu e s  f o r  th e  av erage  c o n c e n tr a t io n  o f  d is s o lv e d  phosphorus 

a t  th r e e  p o in t s  w e l l  w ith in  th e  e s tu a r y  and a t  two p o in t s  in  th e  m outh, 

and v a lu e s  f o r  th e  av erag e  t i d a l  exchange to  c a l c u la t e  th e  average  lo s s  

o f  d is s o lv e d  p h ospho rus from  th e  e s tu a r y  to  th e  s e a  p e r  t i d a l  c y c le .  He 

assum es t h a t  an e q u a l  amount o f  p a r t i c u l a t e  phosphorus m ust e n t e r  th e  

e s tu a r y  from  th e  N orth  Sea t o  c o u n te rb a la n c e  th e  lo s s e s  o f  d is s o lv e d  

phosp h o ru s  from  th e  e s tu a r y ,  u se  o f  a c o n v e rs io n  f a c t o r  f o r  P and C 

e n a b le s  him to  c a l c u la te  th e  im p o r t o f  p a r t i c u l a t e  carbon as 31 to  45 

m e tr ic  to n s  p e r  t i d e  ( t h i s  i s  e q u iv a le n t  to  62 to  90 to n s  o f  o rg a n ic  

m a tte r  p e r  t i d e ) .

A g r e a t  advan tage  to  t h i s  ty p e  o f  approach  i s  t h a t  th e  n e c e s s a ry  f i e l d  

m easurem ents can be made a t  r e g u la r  i n t e r v a l s  and a re  e a s i l y  com bined 

w ith  o th e r  p ro g ram s. The a c c u ra c y  and r e l i a b i l i t y  o f  th e  m ethod a re  

r a t h e r  d i f f i c u l t  t o  e s t im a te .

An approach  s i m i l a r  to  t h a t  o f  Postm a (1961) may be u sed  to  e s t im a te

th e  n e t  im p o r t,  I  -  E, o f  o rg a n ic  m a t te r  f o r  th e  E a s te rn  S c h e ld t .  The

av erag e  c o n c e n tr a t io n  o f  o rg a n ic  m a tte r  ( to  s im p l i f y  th e  d is c u s s io n  we

w i l l  l i m i t  o u rs e lv e s  to  p a r t i c u l a t e  m a tte r  > 0 .5 /«  ; th e  m ethod d e s c r ib e d

a p p l ie s  e q u a l ly  w e ll  t o  c o l l o i d a l  and d is s o lv e d  m a tte r )  o v e r  a  la rg e

number o f  p o in t s  w ith in  th e  e s tu a r y ,  w hich we c a l l  Cb , a s  w e l l  as  th e

av erag e  c o n c e n tr a t io n  j u s t  o u ts id e  th e  i n l e t ,  w hich we c a l l  Cq , have

to  be d e te rm in e d . I f  G = mean t i d a l  exchange , th e n  G x ( C  - C .  ) = I  -  Eo i
o r  th e  n e t  im p o rt p e r  mean t i d a l  exch an g e . F o r th e  E a s te rn  S c h e ld t  

7 3G = ca  2 .2  x 10 m o r  2% ( t h i s  i s  a  rough e s t im a te  f o r  th e  e s tu a r y  as

a w h o le ) . I f  I  -  E i s  e q u a l  t o  350 to n s  p e r  t i d a l  ex ch an g e , as p r e d ic te d

b y  th e  P o lan o  m odel, th e n  CQ -  sh o u ld  be ca  16 mg/1 as o rg a n ic  m a t te r ,

o r  160 m g /l as t o t a l  su spended  m a t te r  (assum ing 10% o f  su spended  m a tte r

to  be o rg a n ic ;  see  M anuels and Postm a 1974). In  " S lib  in  de D e ltaw a te ren

(1976) th e  v a lu e s  f o r  C and C. a re  e s t im a te d  a t  ca  60 and ca  30 m g /lo ■ i
su sp en d ed  m a tte r  (< 5 0 ^ / ) .  Cq -  I s  th e n  ca  30 m g /l suspended  m a t te r ,  

o r  c a  3 m g/l o rg a n ic  m a t te r ,  w hich r e s u l t s  in  a  n e t  im p o rt o f  o n ly  ca  140 
to n s  o rg a n ic  m a tte r  p e r  24 h o u rs  f o r  th e  E a s te rn  S c h e ld t .  I f ,  how ever,
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we assume t h a t  50% o f  th e  suspended  m a tte r  i s  o rg a n ic ,  as r e p o r te d  in

" S lib  in  de D e lta w a te re n "  (1976) , th e n  C -  c . i s  ca  15 m g /l w ith  as 
, /  o r
r e s u l t  a  n e t  im p o rt o f  ca  700 to n s  o rg a n ic  m a tte r  p e r  24 h o u rs .  T h is  

a g re e s  w e ll  w ith  th e  p r e d ic t io n  o f  th e  P o lano  m odel.

One o f  th e  d i f f i c u l t i e s  in  t h i s  approach  i s  t h a t  th e  mean t i d a l  exchange 

d i f f e r s  f o r  d i f f e r e n t  p a r t s  o f  th e  E a s te rn  S c h e ld t .  A lso , th e  v a lu e s  o f  

Cq and C± m en tioned  above a re  b a se d  on m easurem ents d u r in g  f a i r l y  calm  

w e a th e r  and n o t  d u r in g  s to rm s . The a c c u ra c y  o f  'the c a l c u la t io n s  i s  

th e r e f o r e  l i k e l y  to  be r a t h e r  p o o r .

2 .2 .  D ir e c t  m easurem ents

T e rw in d t (1967) e s t im a te s  th e  t r a n s p o r t  o f  suspended  m a tte r  in  a r a t h e r  

d i r e c t  f a s h io n .  He s t a t e s  t h a t  "Mud d is c h a rg e  a c ro s s  an im ag in a ry  l in e  

e q u a ls  th e  p ro d u c t o f  th e  volume o f  w a te r  flo w in g  a c ro s s  th e  l in e  and 

th e  inud c o n te n t  o f  th e  w a te r .  There i s  a  d e f i n i t e  mud d is c h a rg e  i f  th e  

p ro d u c t  i s  l a r g e r  f o r  one t i d a l  c u r r e n t  d i r e c t io n  th a n  i t  i s  f o r  th e  

o p p o s i te " 1. I n  t h i s  manner he e s t im a te d  th e  n e t  am ount o f  mud (suspended  

m a tte r  w ith  an e q u iv a le n t  d ia m e te r  o f  l e s s  th a n  50 m icrons) t r a n s p o r te d  

a n n u a l ly  i n t o  th e  "Zak van Bergen op Zoom" (e a s te rn m o s t re g io n  o f  th e  

E a s te rn  S c h e ld t)  from  th e  r e s t  o f  th e  e s tu a r y  to  be  c a  300 m e tr ic  to n s  

p e r  t i d a l  c y c le .  Assuming 10% o f  th e  mud to  be o rg a n ic  m a te r ia l  g iv e s  

a  n e t  t r a n s p o r t  o f  ca  30 to n s  o f  o rg a n ic  m a tte r  p e r  t i d a l  c y c le .  In  th e  

same way th e  n e t  t r a n s p o r t  from  th e  E a s te rn  S c h e ld t  th ro u g h  th e  "K eeten" 

was e s t im a te d  a t  ca 3000 m e tr ic  to n s  o f  mud o r  ca  300 to n s  o f  o rg a n ic  

m a t te r  p e r  t i d a l  c y c le .

U sing  th e  same approach  i t  sh o u ld  be p o s s ib le  t o  e s t im a te  th e  n e t  

t r a n s p o r t  o f  o rg a n ic  m a tte r  from  th e  N orth  Sea i n t o  th e  E a s te rn  S c h e ld t .  

The o n ly  d a ta  r e q u ir e d  a re  th e  av erag e  t i d a l  flow s and th e  av erage  

c o n c e n tr a t io n  o f  o rg a n ic  m a tte r  in  th e  f lo o d  and ebb w a te rs  in  th e  

e n tra n c e  to  th e  e s tu a r y .  An exam ple o f  such a  s e r i e s  o f  m easurem ents 

i s  r e p o r te d  by K le in ja n  (1934 ). He co n d u c ted  m easurem ents d u r in g  a  

p e r io d  o,f 15 days a lo n g  a t r a n s e c t  from  B reskens t o  F lu sh in g  in  th e  

e n tra n c e  o f  th e  W estern S c h e ld t  and d e te rm in e d  th e  av e rag e  c o n te n t  o f  

su sp en d ed  m a t te r  a t  f lo o d  and ebb t i d e .
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A lthough th e  approach  i s  th e  moat d i r e c t  o n e , th e r e  a re  a  number o f  

p r a c t i c a l  d i f f i c u l t i e s  in v o lv e d . W ater from  th e  N o rth  S ea e n te r s  th e  

E a s te rn  S c h e ld t  th ro u g h  th re e  t i d a l  c h a n n e ls . M easurem ents w ould th u s  

have to  b e  made in  a t  l e a s t  th r e e  p la c e s  d u r in g  th e  c o u rse  o f  a  t i d a l  

c y c le .  A t l e a s t  th re e  s h ip s  w i l l  be n e c e s s a ry  f o r  more th a n  13 h o u rs  

f o r  eac h  s e r i e s  o f  m easurem ents. The c o n c e n tra t io n  o f  o rg a n ic  m a tte r  

w i l l  m ost l i k e l y  vary  w ith  d ep th  (see  Postm a 1961), m aking i t  n e c e s s a ry  

t o  ta k e  sam ples from  s e v e r a l  d e p th s .  The flow  o f  w a te r  w i l l  a ls o  v a ry  

w ith  d e p th , f u r th e r  c o m p lic a tin g  th e  c a l c u l a t i o n s .  D uring  rough w e a th e r  

i t  w i l l  be  d i f f i c u l t  o r  im p o ss ib le  t o  rem ain a t  an ch o r in  one p la c e  

w h ile  ta k in g  sam ples d u rin g  th e  t i d a l  c y c le .  The e s t im a t io n  o f  f lo o d  

and ebb volum es in  th e  t i d a l  e n tra n c e  may a ls o  p r e s e n t  d i f f i c u l t i e s .

An o b v io u s  q u e s tio n  i s  w h e th e r  th e  e x p e c te d  d i f f e r e n c e  i n  o rg a n ic  m a t te r

c o n te n t  betw een ebb and f lo o d  w a te r  i s  o f  a  m agnitude w hich can be

m easured . The mean ebb and f lo o d  volume f o r  th e  E a s te rn  S c h e ld t  i s  
9 31 ,1  x 10 m p e r  t i d e .  In  o rd e r  to  a r r iv e  a t  a  n e t  im p o r t o f  700 to n s  

o f  o rg a n ic  m a tte r  p e r  24 h o u rs ,  th e  d i f f e r e n c e  in  o rg a n ic  m a tte r  con­

c e n t r a t io n  betw een f lo o d  and ebb w a te r  w ould have to  be  ca  0 .3 0  rag/1 

(o r ca  0 ,1 5  m g /l e x p re s s e d  as o rg a n ic  c a rb o n ) . The av erag e  c o n c e n tra t io n  

o f  t o t a l  su sp en d ed  m a t te r  in  th e  t i d a l  e n tra n c e  i s  ca  40 m g / l ( " S l ib  in  

de D e lta w a te re n "  1976), w hich i s  e q u iv a le n t  to  ro u g h ly  4 m g/l as o rg a n ic  

carbon  (m anuels and Postm a 1974) .

In  o rd e r  t o  judge  w h e th e r i t  i s  f e a s ib l e  to  m easure th e  o rg a n ic  m a tte r  

c o n c e n tr a t io n  in  f lo o d  and ebb w a te r  w ith  th e  n e c e s s a ry  d eg ree  o f  

a c c u ra c y , a  p r e l im in a r y  s e r i e s  o f  m easurem ents was c a r r i e d  o u t  on 

A ugust 11, 1976, in  th e  t i d a l  e n tra n c e  t o  th e  E a s te rn  S c h e ld t .
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3. I n i t i a l  s e r i e s  o f  f i e l d  m easurem ents

y
3 .1 .  Methods and m a te r ia ls

On A ugust 11, 1976, th e  c o n c e n tr a t io n  o f  p a r t i c u l a t e  carbon  was d e t e r ­

mined f o r  ebb and f lo o d  w a te r  in  th e  th r e e  c h an n e ls  o f  th e  E a s te rn  

S c h e ld t e n t r a n c e .  P r io r  to  th e  m easurem ents an e s t im a te  was o b ta in e d  

o f  th e  e x p e c te d  flow  th ro u g h  th e  ch a n n e ls  o v e r th e  p e r io d  from  low 

w a te r  a t  10:15 u n t i l  low w a te r  a t  22 :30  (see ap p en d ix  1 ) . W ith th e  h e lp  

o f  th e s e  e s t i m a t e s ,  i n t e g r a t e d  sam ples w ith  a t o t a l  volume o f  25 1 w ere 

ta k e n  p r o p o r t io n a l  t o  th e  f lo o d  and ebb flow s in  eac h  c h a n n e l. A p r o p o r t ­

io n a l  sample' was composed o f  d i s c r e t e  sam ples ta k e n  a t  I n t e r v a l s  o f  30 

minutes d u r in g  f lo o d  o r  ebb . Ih e  volume o f  eac h  sam ple v a r ie d  betw een 

c a  0 .5  and 5 l i t e r s  and was p r o p o r t io n a l  to  th e  e s t im a te d  flow  in  th e  

ch an n e l a t  th e  moment o f  sam p lin g . S e p a ra te  i n t e g r a t e d  sam ples were 

ta k e n  o v e r th e  ebb and f lo o d  t i d e s  from  3 m e te rs  below  th e  s u r fa c e  and 

a t  tw o - th i rd s  o f  th e  t o t a l  d ep th  (17 , 2 1 , and 24 m e te rs  deep f o r  th e  

c h an n e ls  "S ch aar van Rogge", '"Hamman", and "Roompot" r e s p e c t iv e l y ) .

Ih e  sam p lin g  p o in t s  w ere s i t u a t e d  n e a r  th e  d e e p e s t s e c t io n  o f  th e  

c h a n n e l, where c u r r e n t s  a re  s t r o n g e s t  and v e r t i c a l  d i f f e r e n c e s  in  flow  

a re  m inim al (p e rs o n a l com m unication Van d e r  Ree, D e lta d e p a r tm e n t, 

Z i e r ik z e e ) .

I n  a d d i t io n ,  a  f o u r th  s h ip  to o k  p r o p o r t io n a l  s a n p le s  in  th e  "Roompot", 

w h ile  moving around  th e  c h a n n e l, w ith  th e  h e lp  o f  a  pump whose r a t e  o f  

in ta k e  was c o n t in o u s ly  a d ju s te d  so  as t o  be p r o p o r t io n a l  to  

th e  flow  in  th e  ch an n e l i t s e l f  (pumping r a te  was betw een 2 and 15 

l i t e r s  p e r  hou r) .

A ll sam ples w ere c o o le d  on i c e  and b ro u g h t t o  th e  l a b o r a to r y  w ith in  

e i g h t  h o u rs .  Subsam ples o f  1.0 l i t e r  w ere f i l t e r e d  th ro u g h  g la s s  f i b r e  

f i l t e r s  (Whatman GFC, p o re  s iz e  = 1 m icron) and th e  f i l t e r s  f ro z e n , 

ïh e  f i l t e r s  w ere su b se q u e n tly  a n a ly z e d  f o r  c h lo ro fy l l  "A", and p a r t i c u l a t e  

c a rb o n ..  C h lo ro fy l l  "A" was d e te rm in e d  w ith  a sp e c tro p h o to m e te r  a f t e r  

g r in d in g  and e x t r a c t i o n  in  a c e to n e . Carbon was d e te rm in e d  w ith  a Coleman 

carbon  a n a ly z e r .
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T able 2. I n i t i a l  s e r i e s  o f  f i e l d  m easu rem en ts, A ugust 11, 1976

y

Sam pling p la c e  

dep th  and 

t i d a l  phase

P a r t i c u l a t e  

o rg a n ic  carbon 

in  m g/l 

= C

C h lo r o f y l l  "A" 

in  mg/ m^

T ra n s p o r t  

o f  o rg a n ic  

carbon  in  

k g x l0 8=CxP

N et e x p o r t  

o f  p a r t i e ,  

o rg a n ic  C 

in  kgxlO 8

1."Roompot" f lo o d /e b b  

3 m e te r

2 Roompot" f lo o d /e b b  

24 m eter

1 .40  /  1.51

1 93 /  1,86 • /  1.86

12.0 /  18.5

22 .0  /  19.0

1.12 /  1.26 0 .1 4

3 ," S c h ,v .R ,"  f lo o d /e b b  

3 m eter

4 . "Sch. v .R . " f lo o d /e b b  

17 m e te r

1 .45 /  2 .3 5  

1 ,90 /  3 .10

22 .0  /  32.5 

16.5 /  37.5

0 .3 9  /  0 .7 9 0 ,4 0

5 , "Hammen" f lo o d /e b b  

3 m eter,

6 . "Hammen" f lo o d /e b b  

21 m e te r

2 -0i>1 ^2 40 2 .0 0

1 .95 /  3.55

2 5 .0  /  26 .5

2 4 .0  /  28 .0  -

0 .4 7  /  0 .80 0 .3 3

7 . " Roompot" f lo o d /e b b  

3 m e te r 

s ample tak en  

c o n tin u o u s ly  w ith  

pump w h ile  moving 

a b o u t in  ch anne l

1.52 /  1 .63 16.5 /  16.0

p ,a r t ic u la te  o rg a n ic  carbon  subsam pled  and a n a ly z e d  in  dup lo
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3 .2 . R e s u lts

TÍie r e s u l t s  o f  th e  i n i t i a l  s e r i e s  o f  m easurem ents a re  sum m arized in  

T ab le  2 .

3*3* D isc u ss io n  o f  r e s u l t s

The v a lu e s  f o r  c h l o r o f y l l  c o r r e l a t e  f a i r l y  w e ll  w ith  th o se  fo r  

p a r t i c u l a t e  o rg a n ic  carbon { c o r r e la t io n  c o e f f i c i e n t  = 0 .7 6 ) . Roughly 

40 to  70% o f  t h i s  carbon i s  p r e s e n t  as fy to p la n k to n  (assum ing t h a t  

carbon  -  ca  50 x c h l o r o f y l l  in  f y to p la n k to n ) .

Sam ples 4 ' and 9 w ere a n a ly z e d  in  dup lo  f o r  p a r t i c u l a t e  carbon  ( f i l t ­

e r in g  o f  subsam ples and carbon a n a ly s i s  w ere b o th  done in  d u p lo ) . The 

d up los  a re  e x c e l l e n t  and in d i c a te  t h a t  th e  p r e c i s io n  o f  th e  carbon 

d e te rm in a tio n  sh o u ld  be s u f f i c i e n t  f o r  o u r  p u rp o se s  ( th e  e x p e c te d  

d i f f e r e n c e  betw een th e  mean c o n c e n tr a t io n  o f  o rg a n ic  carbon  in  ebb and 

f lo o d -w a te r s  i s  ca 0 .1 5  m g /I; see  p  . 9) .

The sam p lin g  e r r o r  in v o lv e d  may be c o n s id e ra b ly  g r e a t e r  th an  th e  e r r o r  

in  th e  o rg a n ic  carbon  a n a ly s i s .  One so u rc e  o f  e r r o r  i s  th e  p r e d ic t io n  

o f  t i d a l  flow s o v e r  th e  v a r io u s  c h a n n e ls  (see  append ix  1, P ig , 1 ) . The 

p r o p o r t io n a l  sam p lin g  i s  b a se d  upon th e s e  e s t im a te s .  The e r r o r  in  th e se  

e s t im a te s  i s  ro u g h ly  8% by calm  w e a th e r  and 15% by rough w ea th e r  (p e rs o n a l  

com m unication S chaap , D e lta d e p a r tm e n t, Z i e r ik z e e ) . The e s t im a t io n  o f  

t i d a l  flow s a t  a  s p e c i f i c  p o in t  in  th e  e n tra n c e  i s  s u b je c t  t o  an e r r o r  

o f  ro u g h ly  5% and 10% by calm  and rough w e a th e r  when b a se d  upon m easure­

m ents o f  c u r r e n t  v e lo c i ty  (Schaap) . The ag reem ent betw een p r e d ic te d  and 

m easured  flow s a t  th e  sam pling  p o in t  in  th e  ch anne l was good (see 

appen d ix  1, F ig . 2 ) ,  The in f lu e n c e  o f  th e  e r r o r s  in  flow  e s t im a t io n  

upon th e  c a l c u la t io n  o f  im p o rt and e x p o r t  can o n ly  be e v a lu a te d  i f  

th e  v a r i a t i o n  o f  o rg a n ic  m a tte r  c o n c e n tr a t io n  w ith  tim e i s  known. I f  

th e  e r r o r s  a re  random t h e i r  in f lu e n c e  w i l l  l i k e ly  be s m a l l .  A d e t a i l e d  

e r r o r  a n a ly s i s  w ould  p ro b a b ly  n eed  to  be done i f  m easurem ents o f  th e  

s o r t  un d er d is c u s s io n  a re  c a r r i e d  o u t  in  th e  f u t u r e .

A no ther so u rce  o f  e r r o r  i s  th e  ta k in g  o f  sam ples a t  a  f ix e d  p o in t  in  

th e  e n t r a n c e .  I f  th e  h o r iz o n ta l  d i s t r i b u t i o n  o f  o rg a n ic  m a tte r  i s  v e ry  

h e te ro g e n e o u s  t h i s  can cause a la rg e  e r r o r .  The good ag reem en t betw een
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betw een m easurem ents c a r r i e d  o u t from  a v e s s e l  c o n tin u o u s ly  sam p ling  

and moving around  th e  ch an n e l and from  a v e s s e l  ta k in g  d i s c r e t e  sam ples 

n e a r  th e  d e e p e s t p o in t  i n  th e  ch an n e l (see  1. and 7 . in  T ab le 2) 

s u g g e s ts  t h a t  t h i s  so u rc e  o f  e r r o r  i s  l i k e l y  to  be  r a th e r  sm a ll .

The sam ples ta k en  c o n tin u o u s ly  from  a  moving v e s s e l  showed h ig h e r  

c o n c e n tra t io n s  th an  sam ples ta k en  in  one p la c e  a t  d i s c r e t e  i n t e r v a l s  

(1 .52  and 1 .63  m g /l com pared to  1.40 and 1,51 m g /l) b u t  th e  d i f f e r e n c e  

betw een ebb and f lo o d  sam ples f o r  b o th  m ethods i s  0 .1 1  m g /l and i t  i s  

t h i s  d i f f e r e n c e  which i s  u sed  to  c a l c u la te  th e  n e t  im p o rt o r  e s p o r t .

Prom T able 1 i t  i s  c l e a r  t h a t  th e  V a r ia t io n  o f  o rg a n ic  m a tte r  c o n c e n tr a t ­

io n  w ith  dep th  la rg e  i s .  Any m easurem ents o f  mean im p o rt and e x p o r t  would 

have to  be b a se d  on sam ples ta k en  o v e r a t  l e a s t  th re e  to  fo u r  d e p th s .

A number o f  dep th  p r o f i l e s  f o r  c u r r e n t  v e lo c i ty  m easured a t  th e  s a n p lin g  

p o in t  in  th e  ch an n e l "Hammen" a re  p r e s e n te d  in  appen d ix  2 . These p r o f i l e s  

su g g e s t  t h a t  c u r r e n t  v e lo c i ty  v a r ie s  l i t t l e  w ith  d e p th . A p r e d ic te d  

av erag e  flow  in  th e  ch an n e l o v e r  th e  e n t i r e  w a te r  column can th en  m ost 

l i k e l y  be u sed  as a b a s i s  f o r  p r o p o r t io n a l  sam p lin g  a t  v a r io u s  d e p th s .

The e s t im a te d  t r a n s p o r t  o f  o rg a n ic  carbon th ro u g h  th e  v a r io u s  ch an n e ls  

betw een 10:15 and 22:30  on A ugust 11, 1976, i s  g iv en  in  th e  l a s t  column 

o f  T ab le 2 , The t r a n s p o r t  i s  e q u a l  to  C x F where C = av erage  o f  p a r t i c ­

u la te  o rg a n ic  carbon conc e n t r a t i o n s  m easured  a t  th e  two sam p lin g  d ep th s  

and F = t i d a l  flow  th ro u g h  th e  c h an n e l (see ap p en d ix  1 ) . The m easure­

m ents in d i c a te  a  c o n s id e ra b le  e x p o r t  t o  th e  N orth  S ea , m a in ly  th ro u g h  

th e  "Hammen" and "S ch aa r van R o g g en p laa t" , w hich i s  seem in g ly  in  c o n t ra ­

d ic t io n  w ith  th e  c o n s id e ra b le  im p o rt p r e d ic te d  by th e  P o lan o  m odel. The 

e x p e c te d  im p o rt how ever was a  mean long  te rm  v a lu e .  For a  v a r ia b le  such 

as  o rg a n ic  ca rb o n , s u b je c t  to  la rg e  s e a s o n a l  f l u c t u a t i o n s ,  i t  i s  n o t  

p o s s ib le  to  make any long  te rm  e s t im a te s  on th e  b a s i s  o f  a s in g le  s e r i e s  

o f  m easurem ents.

3 .4 .  D iscu ss io n  o f  s a n p lin g  method

D uring  th e  sam p lin g  on A ugust 11, 1976, w e a th e r  c o n d i t io n s  w ere i d e a l ,  

sunny w ith  l i t t l e  w ind. W ith rough w ea th e r  i t  i s  n o t  p o s s ib le  f o r  a 

b o a t  to  rem ain  a t  an ch o r in  th e  c h a n n e l. W orking w ith  a  w a te r  sam p le r

<
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on deck a l s o  becomes in c r e a s in g ly  d i f f i c u l t .  S in ce  l a r g e r  amounts o f  

corgani c m a t te r  can be b ro u g h t i n t o  su sp e n s io n  by w ind  and  wave a c t io n  

i t  i s  a d v is a b le  t o  make m easurem ents a l s o  in  rough w e a th e r .

A sam p lin g  p ro c e d u re  w hich i s  a l s o  o p e r a t io n a l  u n d e r f a i r l y  rough 

c o n d i t io n s  i s  th e  fo llo w in g . The b o a t  i s  n o t  anch o red  b u t  moves' in  and 

o u t  o f  th e  c h a n n e l. Sample i s  ta k e n  c o n t in u o u s ly  w ith  a  pump and th e  

r a t e  o f  in ta k e  v a r ie d  p r o p o r t i o n a l ly  w ith  th e  flow  in  th e  c h a n n e l.

In ta k e  o f  sam ple o c c u rs  o n ly  when th e  b o a t  i s  d r i f t i n g  w ith  th e  c u r r e n t .  

In  t h i s  way no  heavy b a l l a s t  w e ig h ts  a re  needed  to  m a in ta in  th e  in ta k e  

hose  a t  th e  r e q u i r e d  d e p th . To o b ta in  p r o p r o t io n a l  sam ples from  v a r io u s  

d e p th s  one can change th e  in ta k e  d ep th  a t  r e g u la r  i n t e r v a l s  o r  use  a 

num ber o f  in ta k e s  a t  d i f f e r e n t  d e p th s .  W ith th e  l a t t e r  m ethod i t  i s  

p o s s ib le  t o  ta k e  sam ples s im u lta n e o u s ly  a t  d i f f e r e n t  d e p th s ,

A p r a c t i c a l  p rob lem  i s  t h a t  th e  d iv i s io n  f o r  e n v iro n m e n ta l re s e a rc h  o f  

th e  D e lta d e p a rtm e n t h a s  o n ly  one b o a t  eq u ip p ed  f o r  w ork ing  in  such  a 

f a s h io n .  At l e a s t  two o th e r  b o a ts  w ould have to  be made a v a i la b le  and 

eq u ip p ed  on a r e g u la r  b a s i s  f o r  a s e r i e s  o f  m easurem ents to  be c a r r i e d  

o u t .

The c o s t  o f  a , s e r i e s  o f  m easurem ents such  as d e s c r ib e d  above i s  e s t im ­

a te d  and p r e s e n te d  in  a p p en d ix  3.

A l te rn a t iv e  p o s s i b i l i t i e s  a re  sa rrp lin g  w ith  th e  h e lp  o f  a  h e l i c o p t e r  

( t h i s  m ethod i s  p r e s e n t l y  b e in g  t e s t e d  o u t  by th e  D e lta d e p a r tm e n t, 

E n v iro n m en ta l D iv is io n )  o r  w ith  a u to m a tic  w a te r  sa m p le rs  w hich rem ain  

an ch o red  a t  th e  sam p lin g  p o i n t s .  These a l t e r n a t i v e s  a re  l i k e l y  to  

in v o lv e  r a t h e r  h ig h  c o s t s .
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C o n clu sio n s

y
The i n i t i a l  s e r i e s  o f  m easurem ents c a r r i e d  o u t  on A ugust 11, 1976 s u g g e s t 

t h a t  i t  i s  p ro b a b ly  f e a s i b l e ,  u s in g  th e  m ethod d e s c r ib e d ,  to  m easure 

a n e t  t r a n s p o r t  o f  o rg a n ic  m a tte r  betw een th e  E a s te rn  S c h e ld t  and th e  

N orth  Sea o f  th e  s i z e  p r e d ic te d  by th e  P o lano  m ethod (ca  ,700 to n s /d a y ) . 

The e r r o r s  in v o lv e d  in  th e  la b o ra to r y  a n a ly s i s  o f  sam ples and in  c o l l e c t ­

in g  sam ples in  th e  f i e l d  ap p e a r  sm a ll enough so  as n o t  to  s e r io u s ly  

i n t e r f e r e  w ith  th e  m easu rem en ts .

Such prob lem s as th e  d e s i r e d  fre q u e n c y  o f  m easurem ent and  th e  tim in g  o f  

m easurem ents w ith  r e s p e c t  to  s p r in g  and neap  f lo o d s ,  w e a th e r ,  h ig h  and 

low w a te r ,  e t c .  w ould have to  be c o n s id e re d  b e fo re  a  s e r i e s  o f  m easure­

m ents i s  a c t u a l l y  c a r r i e d  o u t .
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A ppendix Jl

F ig , l a .  Flow p r e d ic t io n  f o r  A ugust 11, 1976, o v er th e  t i d a l  e n tra n c e  

"Roompot"

gegevens :
WATERLOOPKUNDIGE 
AFD. Z IE R IK ZEE

R IJKSW ATERSTAAT DELTADIENST  
Milieu -onderzoek
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F ig . l b . ^Flow p r e d i c t i o n  f o r  A ugust 11, 1976, o v e r  th e  t i d a l  e n tra n c e  

"S ch aa r van R o ggenp laa t"

M.E.T, N .A .fi

gegevens :
WATERLOOPKUNDIGE 
AFD. Z IE R IK ZE E

RIJKSW ATERSTAAT DELTADIENST  
M ilieu-onderzoek
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F ig . l e .  /F low  p re d ic t io n ,  f o r  A ugust 11, 1976, o v e r th e  t i d a l  e n tra n c e  

"Hammen"

M.E.T,

M “

?40 “

gegevens :
WATERLOOPKUNDIGE 
AFD. 2 IE R IK 2E E

RIJKSW ATERSTAAT DELTADIENST  
Milieu-onderzoek
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E*ig. 2 , Com parison o f  p r e d ic te d  and m easured  t i d a l  flow s a t  th e  sam p lin g

p o in t s  in  th e  "Hammen" and "S ch aa r van R oggenp laa t"  on A ugust 11, 1976.

TIDAL H O W  IM THE ENTRANCE "H A M M E N " , AT THE DEEPEST 

POINT ALONG THE PROPOSED DAM TRANSECT, EXPRESSED 

IN M ! /SEC PER METER OPENING

» .
COMPUTED FROM CURRENT MEASUREMENT IN T IIE  "HAMMEN 

ON AUG, I I .  1976 ----------------------

PREDICTED FROM SERIES OF MEASUREMENTS MADE 

ON SEPT. A .197S  ■— --------------- -

RIJKSW ATERSTAAT DELTADIENST 

W llí íu  ■ o p d o r io e k

gegevens
W ATÊRLOOPKUNDJÛE 
AFD . Z K R IK Z E Ef tO O D

EBB

i
t
I

3
”e
£

I
s

TIDAL FLOW IN THE E NTRANCE "SCHAAR VAN ROGGEN " AT THC 

DEEPEST POINT ALONG THE PROPOSED DAM TRANSECT

e x p r e s s e d  in  m ' / s e c  p e r  m e t e r  o p e n in o

COMPUTED FROM CURRENT MEASUREMENT IN  THE 

tC IIA A R  VAN fiO G G E N P lA A T ON AUG 11,1970

PREDICTED FROM SERIES OF MEASUREMENTS MADE 

OH SEPT * , 1975FLO O D

NJK5W AIERSTAAT DCL1ADIENST 

Mii»u. owl*mipk
verm

V/A ft flLOO^KUHOlOF,
AÍ’D JirpiK/H.
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A ppendix 2

F lg . 1. Depth p r o f i l e s  o f  t i d a l  c u r r e n t  m easured on A ugust 11, 1976, in  th e

t i d a l  e n tra n c e  "S ch aa r van R oggenp laa t"  by d e e p e s t p o in t .
. /
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A ppendix 3

P o s t  In  manpower and m a te r ia l  f o r  a  s e r i e s  o f  tw elve  m easurem ents d u r in g  f lo o d

and ebb in  th r e e  t i d a l  e n tra n c e s  t o  th e  E a s te rn  S c h e ld t .

1. S h ipdays -  12 x 3 x 2 = 72 

4 x 1 x 2 =  8

80 sh ip d a y s

A sh ip d a y  i s  ta k e n  h e re  t q  be a workday o f  8 h o u rs  

A m easurem ent i s  assum ed to  l a s t  16 h o u rs .

The 8 e x t r a  s h ip d a y s  a re  f o r  a s e r i e s  o f  "d up lo"  m easurem ents w hereby on

fo u r  d a te s  one ch an n e l i s  sam pled  by two s h ip s  in d e p e n d e n tly  o f  each  o th e r .

2 . Mandays n e c e s s a ry  f o r  sam p lin g : 

1 2 x 3 x 3 x 2  = 216 

4 x 2 x 3  = 2 4

240 mandays

Each s h ip  h as  a crew o f  two and one e x t r a  man f o r  th e  ta k in g  o f  sam p les,

3 . Mandays f o r  a n a ly s i s  in  la b o ra to r y :

p a r t i c u l a t e  o rg a n ic  carbon : 12 x 60

, c h lo r o f y l l  a n a ly s i s  : 12.: x 18

d is s o lv e d  o rg a n ic  carbon : 12 x 18

ATP a n a ly s i s  : 12 x 18

720 sam ples 

216 

216 "

216 "

20

7

2

4

33 mandays

P r o p o r t io n a l  sam ples a re  ta k en  from  th r e e  d ep th s  in  each  ch an n e l g iv in g  

3 x 2 x 3 = 18 p r o p o r t io n a l  sam ples p e r  t i d a l  c y c le .  In  a d d i t io n ,  ca  40 

d i s c r e t e  sam ples a re  ta k e n  a t  s u c c e s s iv e  i n t e r v a l s  d u rin g  th e  t i d a l  c y c le  

•and a n a ly z e d  f o r  p a r t i c u l a r  o rg a n ic  ca rb o n . These m easurem ents a llo w  an 

e s t im a te  o f  th e  v a r i a t i o n  in  carbon  c o n c e n tra t io n  d u rin g  th e  t i d a l  c y c le .  

T h is  i n  tu r n  p e rm its  c a l c u la t io n  o f  sam p lin g  e r r o r  due to  e r r o r s  in  th e  

p r e d ic t io n  o f  t i d a l  flow s in  th e  c h a n n e ls .

4 . Mandays f o r  i n t e r p r e t i n g  and r e p o r t in g  r e s u l t s ;

C a lc u la t io n s  

Drawings 

D ra f t in g  r e p o r t  

T y p ing , e t c .

10

5

20
5

40 mandays T o ta l  : 80 s h ip d a y s , 313 mandays


