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INSTRUMENTAT ION

4. ' I  INTRODUCTION

Th is  chap te r  g i ves  the  techn ica l  desc r ip t i ons  o f  da ta -ga the r ing

inst rumentat ion and systems ut i l ized in  the Mar ine Review Commit tee

Exper iment  at  San Onofre.

4 .2  IRRADIANCE AND TEMPERATURE INSTRUMENTS

I
4 .2 .1  Comb ina t i on  I  ns t rumen ts

t
I
I
I
I
I
I
I
I
I
I
I

For the cont inuous moni tor ing of  l ight  i r rad iance and

tempera tu re ,  ECO-M has  des igned  and  fab r i ca ted  th ree  t ypes  o f

i ns t rumen ts :

1 )  Dua l  L igh t  I r rad iance  ( I / I )
2 )  Dua l  Tempera tu re  (T /T )
3 )  I r rad iance  and  Tempera tu re  (1 /T )

A11 of  these inst ruments prov ide cont inous moni tor ing by

reco rd ing  da ta  eve ry  hou r  i n  d ig i t a l  l ogge rs .  The  l i gh t  i n tens i t y

values dur ing the sampl ing per iod (1 hour)  are d ig i t ized and stored in

a sh i f t  reg is ter .  Every hour  dur ing the record ing cyc le,  the number

f rom the sh i f t  reg is ter  is  s tored under  the proper  address in  EPROM

and  the  sh i f t  r eg i s te r  i s  rese t  t o  ze to .  The  resu l t i ng  reco rd ing

rep resen ts  i n teg ra ted  va lues  o f  l i gh t  i n tens i t y  f o r  each  hou r  o f

ope ra t i on ,  exp ressed  i n  m ic roE ins te ins  lm2  lR r ,  (uE /m"  lP . r ) .  The

tempera tu re  sens ing  sys tem s to res  abso lu te  va lues  i n  deg rees

cent igrade in  EPROM, which represents the actual  temperature at  the

t ime of  record ing.  The inst ruments operate for  severa l  weeks (42 days

maximum) and prov ide a maximum of  LO24 data points  for  each channel .

- 1 -
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After  recovery of  the inst ruments f rom the ocean,  the EPROMS are

removed f rom thei r  underwater  housings and the s tored data

t rans fe r red  v ia  a  m ic rop rocesso r -con t ro l l ed  EPROM reader  to  an  MRC

compu te r .

The  compu te r -s to red  da ta  a re  then  rev iewed ,  ca l i b ra ted  and

iden t i f i ed .  Resu l t s  a re  then  t rans fe r red  i n to  the  MRC da ta  base .  The

accu racy  and  spec i f i ca t i ons  o f  t he  sys tem a re  as  fo l l ows :

Bas i c  Ins t rumen t :

Samp l ing  Ra te :

Number of  Channels :

S to rage  Capac i t y :

C lock  Accu racy :

Power Comsumpt ion:

L igh t  I n teg ra to r :

Coun t  Ra te :

Accu racy :

Se lec tab le  L lT  -  24  H rs

2  each

L ,O24  fo r  each  channe l

0 .003%

0.01  wa t t s  max .

140  coun ts / ya  H r

l1% Q 25va

*5% G 0 . l ua

Temperature:

Accu racy : o. l  oc

where  l  yE  =  6 .02  x  1017  pho tons  and  l  pa  =  280  uE lm-2 / sec .

4 .2 .2  l r rad iance  Ins t rumen t  Charac te r i s t i cs

For  the  MRC exper imen t ,  L I -COR L I -192S Underwa te r  Quan tum
Senso rs  a re  used .  The  L I -1925  i s  a  cos ine  co l l ec to r  ( f 1a t  senso r )

w i th  a  re la t i ve  ene rgy  response  p ropo r t i ona l  t o  t he  wave leng th  o f  t he

inc iden t  l i gh t  be ing  measured .  The  ac tua l  senso r  spec t ra l  response

pro f i l e  i s  compared  w i th  an  i dea l  quan tum senso r  response  p ro f i l e  i n

F igu re  4 -2 -1  (Roemer  &  Hoag land ,  1 -976 ) .

-2 -
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The sensor  measures the quantum i r rad iance,  Q ,  which is  the number of
photons absorbed per  square meter  per  seeond for  any wavelength in  i ts
response  reg ion  f rom 400  to  700  nm.  rdea l l y ,  t he  response  o f  t he
senso r  i s  de f i ned  by

Q =  A /hc

where  h  i s  P lanck ' s

l i gh t  ( 3 .0 )  x  108  m

E ins te i ns ,  H  ( I )  i s

the i r rad iance.

H(r)  r  dr (1 )

cons tan t  ( 6 .624  x  10 -2 t  
" r g  

sec ) ,  c  i s  t he  speed  o f

sec  
- r ) ,  

A  i s  a  conve rs i on  f ac to r  f o r  coun t s  t o

the inc ident  i r rad iance,  and I  is  the wavelength of

The  abso lu te  ca l i b ra t i on  o f  t he  spec t ra l  response  o f  t he  L I -COR
sensor  is  +5 percent .  A source of  er ror  in  the inst rument  response is
the change in measured irradiance with the angle of observation shown
in F igure 4-2 '2 .  A ca l ibrat ion factor  for  the inst rument  sensi t iv i ty ,

which depends on the opt ica l  proper t ies unique to  the geometry  of  each
sensor ,  is  determined by Lr-coR and recal ibrated year ly .  An
immers ion-ef fect  correct ion,  determined for  each sensor ,  ad justs  the
underwater  resPonse of  the inst rument  for  energy loss at  the a i r -water
in ter face,  and depends on the ref ract ive proper t ies of  the in ter face.
A smal l  source of  er ror  in  i r rad iance measurements which is  d i f f icu l t
to  correct ,  is  the wavelength dependence of  the immers ion-ef fect .  I t
was noted by Smith (L969)  that  for  an accurate measurement  of  to ta l
i r rad iance between 400 and 700 nm, the spectra l  proper t ies of  the
water  be ing measured must  be considered when calcu lat ing the
immers ion -e f fec t  co r rec t i on .  To ta l  es t ima ted  e r ro r  due  to  the  senso r
i s  +15  pe rcen t .

-4 -
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4.2.3 Measurements of  l r rad iance and Temperature Prof i les

Tempera tu re  p ro f i l es  a re  conduc ted  w i th  the  use  o f  ECO-M

des igned  and  fab r i ca ted  d ig i t a l  f i e l d  i ns t rumen ts .  The  dua l

the rm is to r - t ype  p robes ,  i n te rna l l y  compensa ted ,  p rov ide  re l i ab le

tempera tu re  read ings  w i th  an  accu racy  o f  *0 . l oc  readab le  i n  rea l

numbers  on  a  l i qu id  c rys ta l  d i sp lay .

The new i r rad iance prof i le  inst ruments are a lso designed and

manufactured by ECO-M and prov ide two independent  readings:  one under

water  at  a  g iven depth,  the other  an ambient  l ight  level  on board the

vesse l .

The sensor  for  underwater  measurements is  a t tached to a
ba lanced ,  we igh ted  f i x tu re  to  assu re  tha t  t he  senso r  e lemen t  i s
pa ra l l e l  w i th  the  su r face  o f  t he  sea  and  the  deck  senso r  i s  p laced  on  a
g imba l  t o  p rov ide  a  re la t i ve l y  s tab le  pos i t i on  fo r  su r face  amb ien t

l i gh t  measuremen t .  The  d i sp lay  un i t s  ( l i qu id  c rys ta l )  p rov ide

numer i ca l  va lues  fo r  i r rad iance  measuremen ts  i n  (uE) .

Dur ing  c ru i ses ,  when  the  vesse l  assumes  the  p rope r  pos i t i on  a t  a
s ta t i on ,  t he  l i gh t / t empera tu re  sens ing  un i t  and  a  p rec i s ion  dep th
t ransduce r  a re  l owered  to  a  d i sc re te  dep th  to  reco rd  tempera tu re ,

dep th ,  and  l i gh t  1eve1  underwa te r  t oge the r  w i th  l i gh t  l eve1  a t  t he  sea
su r face .  As  the  senso r  un i t  i s  l owered  o r  ra i sed  the  p ro f i l e  i s
accomp l i shed .

Da ta  f rom each  p ro f i l e  a re  reco rded ,  t rans fe r red  v ia  keypunch  to

I  t he  MRC compu te r  and  en te red  i n to  the  p rope r  da ta  base  f i l e .
I

Un i t s  a re  a l so  ava i l ab le  to  take  e i t he r  t empera tu re  o r

i r rad iance  p ro f  i l es  separa te l y  .I
I
I
I

- 6 -
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Pro f i l e  I ns t rumen t Spec i f i ca t i ons :

Samp l ing  Ra te :

Number of  Channels :

Power Consumpt ion:

Accu racy :

Tempera tu re :

I r rad iance :

Dep th :

4 .3  CURRENT AND WAVE INSTRUMENTS

4.3.1 Current  Measurements

The data  base is  checked fo r  e r ro rs

I  o r  o t h e r  f a u l t s .  T h e s e  a r e  c o r r e c t e d  a n d

Cont  inuous ly

4

1  wa t t

0 .  10

L57"

LO%

such  as  t r ans ien t s ,  sp i kes ,

the data then analyzed.

current  meter  areas are as

Dur ing th is  s tudy we used two d i f ferent  types of  current  meters.

F rom L977  to  1984 ,  we  used  Dav is -We1 le r  vec to r -ave rag ing  i ns t rumen ts .

These inst ruments sample two or thogonal  ve loc i ty  components of  the

hor i zon ta l  vec to r  f i e l d  th rough  the  use  o f  two  se ts  o f  ro to rs  moun ted

a t  r i gh t  ang les  to  each  o the r  (F igu re  4 -3 -1 ) .  The  ve loc i t y  componen ts

measured by each rotor  are cont inuously  vector-averaged and these

averaged values are recorded at  pre-programmed in terva ls  on a 4-

channe l  casse t te  tape .  Or ien ta t i on  da ta  f rom the  F luxga te  magne t i c

compass  i s  acqu i red  s imu l taneous ly .  I n  add i t i on ,  t empera tu re  i s

mon i to red  w i th  a  p ressu re -  case -embedded  the rm is to r .

I
I
I
t
I

The  spec i f i ca t i ons

fo I  lows .

Samp l ing  Ra te :

Number of  Channels :

o f  t he  Dav is -We1 le r

8 minutes

4

-7 -
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Deployment  Per iod:

T iming Accuracy:

Power Consumpt ion:

Th resho ld :

I  The  spec i f i ca t i ons  o f  t he  S -4

Type :

Range :

Reso lu t i on :

Accu racy :

Ve r t i ca l  Response :

4 -5  weeks

100 ppm

= 4Sl l ldeployment
:  . J  cm /sec

S ince  January  1985 ,  we  have  used  the  In te r -Ocean  mode l  S -4 .  The

S-4  i s  an  e lec t ro - tnagne t i c  sphe r i ca l  cu r ren t  me te r  t ha t  i s  abou t  t he

s i ze  o f  a  baske tba l l .  I t  i s  se l f - con ta i ned ,  has  no  p ro tu rd i ng  senso rs

o r  ex te rna l  mov ing  pa r t s ,  resu l t i ng  i n  a  l ow-d rag  i ns t rumen t  t ha t  i s

easy  t o  dep loy ,  ma in ta i n ,  and  recove r .  I t  i s  we l l - su i t ed  f o r  t au t

l i ne  moor ings  to  dep ths  o f  1000  me te rs .  The  S -4  hous ing  i s  f ab r i ca ted

f rom g lass - f i l l ed  cyc loa l i pha l i c  epoxy  wh ich  has  h igh  s t reng th ,  i s

d imens iona l l y  s tab le  and  co r ros ion  p roo f .  The  exposed  me ta l  i s

t i t an ium,  mak ing  up  the  l oad  bea r ing  sha f t  and  senso r  e lec t rodes .

Th is  comb ina t i on  o f  ma te r i a l s  p rov ides  exce l l en t  p ro tec t i on  aga ins t

co r ros  i on .

Currents  are measured by creat ing a magnet ic  f ie ld  and sensing

the  vo l tage  i nduced  by  the  movemen t  o f  wa te r  t h rough  the  f i e ld .

Current  vectors can be measured at  programmable in terva ls  and vector

ave raged  immed ia te l y ,  i . e .  no r th  and  eas t  componen ts  o f  t he  cu r ren t

a re  comPuted  and  s to red .  Da ta  a re  reco rded  i n  a  non -vo la t i l e  so l i d

s ta te  memo- ry  a t  es tab l i shed  i n te rva l s .  Re t r i eva l  o f  da ta  i s
accomp l i shed  th rough  a  se r ia l  po r t  i n  t he  cu r ren t  me te r  by  us ing  a
po r tab le  compu te r .

t
I
t
I
t
I

cu r ren t  me te r  a re  g i ven  be low .

E lec t ro -Magne t i c ,  2  ax i s

0 -350  cm/sec

0 .2  cm/sec

+ ] .  cm/  sec

True  cos ine  response  ( i n te rna l l y

so f twa re  co r rec ted  w i t h  t i l t  op t i on )

-8 -
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Schemat ic  d iagram o f  the  Dav is - l le l le r  Vec tor  Averag ing
Cur ren t  Meter .  Two se ts  o f  fans ,  espec ia l l y  des igned to
opera te  w i th  a  f la t  cos ine  response,  a re  mounted a t  90"  to
each o ther  on  a  common ver t j ca l  ax is .  Four  op t ica l  sensors ,
loca ted  in  the  fan  hubs ,  a re  ass imet r ica l l y  mounted  to  read
each of  the tvro rotat jng encoding discs,  thereby prov' id ing
ra te  and d i rec t ion  o f  ro ta t ion  in fo rmat ion .

Figure 4-3-1 Davis-Wel ler  Vector  Averaging Current  Meter

- 9 -
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4.3.2 Wave Measurements

From 1981 through December 1986 we measured wave e l imate at  a

s ta t i on  ma in ta ined  o f f sho re  o f  SONGS Un i t  1 .  The  s ta t i on  i s  l oca ted

approx imate ly  800 m upcoast  f rom Uni t  I  near  the of fshore end of  the

songs  Un i t  3  d i f f use r .  The  measur ing  i ns t rumen t  i s  a t  a  wa te r  dep th  o f

12  m and  a t  1  me te r  above  bo t tom.

Dur ing  th i s  pe r iod ,  we  used  th ree  d i f f e ren t  t ypes  o f  wave  c l ima te

ins t rumen ts ,  a l l  w i th  senso rs  tha t  measure  the  wave  i nduced  p ressu re

a t  t he  l eve l  o f  t he  senso r .  Tab le  4 -3 -1  l i s t s  t he  names  o f  t he  senso rs

and the per iods of  deployment .

TABLE 4 -3 - I

I
t

Name of Wave

Cl imate  Ins t rument

Deployment

Per iod

t
I

s 101
ECOl

MO54

JUN81  -  DEC83

JAN84 - APR85

APR85 -  DEC86

I
I
I
t
I
I

-  10 -
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I n  t he  fo l l ow ing  pages ,  we  w i l l  d i scuss  the  3  sys tems :

l .  The 5101 is  a system which incorporates a pressure sensor  and an
elect romagnet ic  current  meter  to  measure pressure and or thogonal

comPonents of  current  ve loc i t ies.  The system act ivates every 12 hours

for  approx imate ly  34 minutes and samples every 2 seconds g iv ing 1024
data points  per  record ing in terva l .  The ve loc i ty  components are
measured wi th  respect  to  the current  meter  coord inate ax is  which is
def ined by the posi t ion of  the measur ing e lect rodes.  Subsequent ly ,

the components are rotated to  the u,  v  ax is  of  the MRC Coord inate
System in which posi t ive u is  in  the d i rect ion 1080 magnet ic  and
posi t ive v  is  in  the d i rect ion 18o magnet ic .  The data are s tored on 2
casset tes f i t ted ins ide the underwater  package.

The data on the casset tes are t ranscr ibed to  a 9- t rack tape
readable by a d ig i ta l  computer  system for  s torage and ret r ieval  for
fur ther  analys is .  Every 34 minutes the pressure t j -me ser ies was
Four ier  t ransformed.  The Four ier  coef f ic ients  of  the sur face
elevation I are obtained by applying the frequency dependent depth

correction given by the l inear wave theory frequency which can be
s tud ied  to  abou t  0 .3  Hz .  A t  f requenc ies  h ighe r  t han  th i s ,  sma l l
amounts of  no ise may be ampl i f ied in to large sea sur face var ia t ibns.

The tota l  var iance <Tl2> of  the sur face d isp lacement  is  obta ined
for each recording period by summing the variance in the frequency
range 0.02 -  0 .3 Hz.  A s ign i f icant  wave height  is  then obta ined f rom
the fo l lowing formula:

Hs  =  4 (<nz> ; r / z

The root -means-square wave height  is  ca lcu lated f rom

H" r=  =  (8 .n " r ) t / "

-  11 -
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To est imate the mean d i rect ion of  the observed wave f ie1d,  the
cosPectra l  va lues between pressure and the two veloc i ty  components
must  be ca lcu lated.  The mean d i rect ion cr  can be determined f rom these
values by the formula:

t an  ' .  co . , r ( t )  /  cpu ( f )

where  C- - - ( f )  i s  t he  cospec t ra l  va lue  be tween  p ressu re  and  l ongshorepv '
ve loc i t y  and  COr r ( f )  i s  t he  cospec t ra l  va lue  be tween  p ressu re  and  on -
of fshore ve loc i ty  at  a  f requency f .  The cospectra l  va lues at  the peak
frequencies were used to ca lcu late s  so that  the d i rect ion g iven
rePresents the d i rect ion of  the wave having a per iod at  which maximum
energy occurred. This period where maximum wave energy occurred is
de f i ned  as  the  wave  pe r iod  es t ima te  (T ) .  s i nce  the  ve loc i t y
comPonents have been expressed in  the MRC Cartes ian Coord inate
System, the d i rect ions g iven are measured in  degrees counterc lockwise
to  the  pos i t i ve  v  ax i s  wh ich  i s  i n  t he  d i rec t i on  1080  magne t i c .  The
coas t l i ne  i s  o r i en ted  such  tha t  03Oo magne t i c  i s  d i rec ted  onshore .
There fo re ,  f o r  o  =  78o ,  su r face  waves  wou ld  be  head ing  d i rec t l y
onshore.  For  61 )  78o,  the waves would be coming onshore f rom a
downcoast  d i rect ion,  and for  s  < 78o,  sur face vraves would be coming
onshore f rom an upcoast  d i rect ion.

The root -mean-square wave veloc i ty  Ur*"  is  ca lcu lated f rom the
fo l lor . l ing equat ion:

rms

where h

The

is  the water  depth (h=12m) and L is  the wave length.

wave length is  ca lcu lated by so lv ing the fo l lowing equat ion in

gT'
L=_ tanh  (2nh l l , )

G_

i s  t he  acce le ra t i on  o f  g rav i t y .

. n z > : k  ( 2 n

where g

- L2-
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2 .  The  ECOI  i s  a  s imp l i f i ed  wave- reco rde r  des igned  by  EC0Sys tems .
This  inst rument  reads pressure every two seconds for  about  ha l f  an
hour '  seve ra l  t imes  a  day ,  bu t  i t  compu tes  wave  s ta t i s t i cs  i n  s i t u  and
s to res  these  i ns tead  o f  t he  p ressu re  read ing .  Be fo re  each  ma in
record ing per iod,  the inst rument  reads for  a  few minutes and computes
and  s to res  a  t r i a l  mean  p ressu re  p ' k .  r t  t hen  takes  abou t  1000
instantaneous pressure readings p1 and accumulates the sums of
(R i -R ' k )  and  (p1 -p ' k ) t ,  and  a l so  the  number  o f  t imes  (n i -R* )  changes
sign.  Af ter  the last  reading,  i t  computes and stores the mean
pressure !  =  (p1-p '?)  + p: '<  ,  the var iance ; ;  =  (pf -p ' ' . f  -  (p-p ' * ) ,  an
est imate of  the per iod T g iven by the record ing t ime d iv ided by hal f
the number of  s ign changes in  the (Rr-e 'k) .

Knowing the d is tance ( } ; . -z  -  50 cm) of  the inst rument  above the
bo t tom,  the  mean  p ressu re  [  =  z )  t he  va r iance  o * ,  and  the  pe r iod  T ,
the  fo l l ow ing  quan t i t i es  a re  compu ted  f rom the  reco rded  s ta t i s t i es :

.The to ta l  water  depth h is  the f ixed depth h_ belowm
MLLW plus the t ide height ,  so the var ia t ions of  h  over

t ime  p rov ide  a  t i de  reco rd .

.The propagat ion parameter  kh = 2n I  L  ,  g iven by

kh  tanh  kh  =  4n2h /gT ' ,  (L  i s  t he  wave leng th ) ;

.The var iance of

.The var iance of

u 2  =  ( 4 n 2 T 2

su r face  d i sp lacemen t  <n2>  =  p ' 2  cosh t  kh ;

wave-o rb i t a l  ve loc i t y  nea r  t he  bo t tom

)  . n t t  cosh2  kh .

We would l ike to  point  out  that  the analys is  teehniques adapted
for  th is  inst rument  g ive approx imate resul ts  for  the actual  wave
c l ima te  cond i t i ons .  Second ly  the  es t ima t ion  o f  wave  pe r iod  f rom the
number  o f  ze ro  c ross ings  o f  (p1 -p ' k )  i s  ce r ta in l y  sub jec t  t o  more
uncer ta in t ies than the method of  choosing the h ighest  peak f rom the
computed wave spectrum.

-13 -
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3 .  S ince  Apr i l  1985  we  have  used  the  S -4  In te r  Ocean  Cur ren t  Me te r
(M0S4) d isp layed 1 m of f  the bot tom and programmed to measure wave
pressu re  and  ho r i zon ta l  wave  ve loc i t y  (2 -componen ts  ) .  The

measurements have been carr ied out  every 12 hours for  17 minutes,  wi th

a  samp le  ra te  o f  1  samp le / sec .

Eve ry  17  m inu tes  the  p ressu re  t ime  se r ies  i s  Fou r ie r  t rans fo rmed

and the sea sur face e levat ion spectrum is  obta ined f rom the wave
pressu re  spec t rum us ing  the  L inea r  Wave  theo ry .  The  ana lys i s

techn iques  fo r  t h i s  senso r  a re  ana lagous  to  the  one  adap ted  fo r  S101 .

The  spec i f i ca t i on  o f  t he  f i t t ed  p ressu re  senso r  i s  as  f o l l ows :

4 .4  SAL IN ITY

Range

Reso lu t i on

Accuracy

INSTRUMENTS

4.4. ' l  Conduct iv i ty ,  Temperature and Depth Meter

The equipment  used for  measur ing conduct iv i ty ,  temperature and

dep th  i s  a  m in ia tu re  " sa l i n i t y ,  Tempera tu re ,  Dep th "  P robe  ( l , t ode r  s rD-

12 )  manu fac tu red  by  App l i ed  M ic rosys tems ,  I nc .  The  STD-12  i s  a  sma l1 ,

easy  to  dep loy  i ns t rumen t ,  rugged ly  cons t ruc ted  o f  6051-T6  a lum inum,

w i th  o the r  ex te rna l  f i t t i ngs  o f  316  s ta in less  s tee l .  The  a lum inum
par t s  a re  ha rd  anod ized  and  p ro tec ted  w i th  an t i f ou l i ng  epoxy  pa in t .

The  phys i ca l  s i ze  i s  4 "  ( 10 .2  cm)  d i ame te r ,  and  26 .8 "  ( 67 .5  cm)  l ong .

A  sac r i f i c i a l  z i ne  anode  i s  a t tached  to  ensu re  season  a f te r  season  o f

co r ros ion  f ree  ope ra t i on .  The  sa l i n i t y  i s  no t  measured  d i rec t l y  bu t

i s  ca l cu la ted  us ing  the  conduc t i v i t y ,  t empera tu re  and  p ressu re

measuremen ts .

0 -  1000  dBar

I  dBar

+  O .257 "  f u l l  s ca le

L4-
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The  "Tempera tu re "  senso r  i s  a  fas t  response  m ic robead  the rm is to r

moun ted  i n  a  s ta in less  s tee l  cap i l l i a r y  tube ,  des igned  fo r  p ressu re

insensi t ive measurements.  Specia l  laboratory aging techniques ensure

repea tab le  measuremen ts  w i th in  +0 .0 loC  ove r  a  range  o f  -5  to  *35oC fo r

pe r iods  exceed ing  one  yea r .

A patented "Conduct iv i ty"  sensor ,  manufactured by Appl ied

Mic rosys tems ,  i s  ano the r  f ea tu re  des igned  i n to  the  STD-12 .  Th i s  fou r

e lec t rode  dev i ce  demons t ra tes  exce l l en t  l ong - te rm s tab i l i t y ,  and  h igh

p rec i s ion  i n  a reas  o f  ex t reme fou l i ng .  Care fu l  des ign  cons ide ra t i ons

in  bo th  the  e lec t rode  pos i t i on ing  and  exc i ta t i on  c i r cu i t r y  resu l t s  i n

the  ce l1  hav ingw ide  dynamic  range ;  i e .  f r omd is t i l l ed  wa te r  t o  50  pp t

sa l i n i t y .  The  accu raey  o f  t he  conduc t i v i t y  measuremen ts  a re  + .01

mS/cm and  reso lu t i on  + .003  mS/em.

The  p ressu re  senso r  used  i n  th i s  i ns t rumen t  i s  a  mono l i t h i c

semiconductor  s t ra in  gauge.  On command the STD-12 reads the ambient

atmospher ic  pressure f rom the depth sensor  and corrects  the sur face

read ing  o f  p ressu re  to  ze ro  dep th ,  wh ich  i s  t yp i ca l l y  accu ra te  to  0 .1%

o f  f u l 1  sca le  (w i t h  a  se lec ted  range  o f  0 -100  ps i ) .

Data are co l lected in  a so l id  s tate memory of  60K RAI. { .  Seven

t  thousand s ix  hundred for ty-e ight  scans maximum can be stored per

dep loymen t .

Ou tpu t / i npu t  and  power -up  i s  accomp l i shed  v ia  two  "doub le

contact"  underwater  connectors.  Communicat ion wi th  the on-board

computer  is  prov ided wi th  an adaptor  for  eonvers ion to  s tandard RS-

232A format  data.  However ,  the s ignal  f rom the inst rument  to  the

adaptor  requi res only  two polar i ty  independent  wi res.

-15 -
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4 .5  SESTON FLUX INSTRUMENTS

4.5 .1  Ses ton  T raps

The  ses ton  t raps  ( somet imes  ca l l ed  sed imen t  t raps )  a re  r i g id

p las t i c  t ubes  2 .5  cm i n  i ns i de  d i ame te r  and  30  cm l ong ,  c l osed  a t  t he

bo t tom and  open  a t  t he  top ,  moun ted  ve r t i ca l l y  i n  t he  wa te r .  The  ra te

o f  accumu la t i on  o f  ses ton  i n  t he  t raps  i s  measured  as  the  he igh t  o f

accumu la ted  ses ton  i n  mm d iv ided  by  the  accumu la t i on  t ime  in  days .

Th i s  va r i ab le  i s  ca l l ed  ses ton  f l ux  F  (mm/day ) ,  and  does  ac tua l l y

rePresent  the net  mean volume f lux (vo lume per  uni t  area per  un i t

t ime)  o f  pa r t i c l es  th rough  the  mou th  o f  t he  tube .

In  s t i I l  wa te r ,  t he  mean  downward  ses ton  f l ux  fo r  pa r t i c l es  i n  a
pa r t i cu la r  range  o f  s i ze  wou ld  be  g i ven  by  F  =  SC,  S  be ing  the  se t t l i ng

rate and C the mean ambient  vo lume concentrat ion for  par t ic les in  that

range .  I n  the  p resence  o f  ho r i zon ta l  ve loc i t i es  due  to  waves  and

cu r ren ts ,  t hough ,  t u rbu lence  genera ted  a t  t he  mou th  o f  t he  tube

produces some exchange of  water  between the tube and the outs ide,  and

ses ton  accumu la tes  a t  t he  bo t tom by  the  comb ined  p rocesses  o f  wa te r

exchange  and  se t t l i ng -ou t  o f  ses ton  f rom the  wa te r  i n  t he  tube ,  as

we l l  as  by  ses ton  s imp ly  fa l l i ng  th rough  the  wa te r  a t  t he  mou th .

The exchange of  water  involves water  enter ing the tube wi th  the

amb ien t  ses ton  concen t ra t i on  C ,  and  an  equa l  f l ow  o f  wa te r  l eav ing  the

tube  w i th  a  l ower  concen t ra t i on  C '  because  some ses ton  has  se t t l ed  ou t

o f  t h i s  wa te r  du r ing  i t s  res idence  i n  the  tube .  Ca l l i ng  the  mean

exchange- ra te  E ,  we  can  wr i t e  t he  to ta l  f l ux  i n to  the  tube  as

F  =  SC  +  E (C-C ' ) ,  o r  F  =  SC{ l *  (E /S )  (C_C ' ) /C }

The  f ac to r  (C -C ' ) /C  goes  f r om ze ro  f o r  E /S  - )  @ (non -se t t l i ng

Pa r t i e l es )  t o  one  f o r  E /S  - '  O  (pa r t i c l es  se t t l i ng  ve ry  f as t  compared

to  t he  exchange - ra te ) .  l ^ l e  can  suppose  rough l y  t ha t  (C -C ' ) lC  -  ( aS /E )

-16 -
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f o r  l a rge  E /s ,  w i th  a  on  the  o rde r  o f  1 ,  g i v ing  F  -  (1+a )  sc  fo r  t he
s lowes t - se t t l i ng  pa r t i c l es .  Fo r  t he  f as tes t - se t t l i ng  pa r t i c l es ,  we
have F -  sc in  any case;  in  between,  wi th  s  comparable to  E ,  we have
someth ing in termediate,  wi th  some dependence on E for  any g iven s
overa l l ,  we can bracket  F between one and a few t imes sC for  any
s i ze  o f  pa r t i c l e ,  w i th  va r ia t i ons  due  to  va ry ing  E  con f i ned  to  th i s
range.

This  s imple theory of  open- tube t raps is  genera l ly  suppor ted by
the f lume exper iments of  Gardner  (Journal  o f  Mar ine Research,  38,  l ,
1980 ) ,  wh ich  showed  F  w i th in  +  5O7"  o r  l ess  o f  SC fo r  i no rgan ic
par t ic les wi th  a range of  d iameters up to  about  .02 mm, corresponding
to  S< - .02  cm/sec .  Th i s  uppe r  se t t l i ng - ra te  was  on  t he  same  o rde r  as
the lengths of  the t raps d iv ided by the res idence- t imes of  dyed water
in  the t raps,  which gave a rough measure of  the exchange-rates E.

The  va r iab le  F  measured  by  ses ton  t raps ,  t hen ,  i s  an  i ndex  o f
ses ton  vo lume concen t ra t i on ,  we igh ted  by  se t t l i ng - ra te  so  tha t  i t
se lec ts  s t rong ly  aga ins t  f i ne r  and  l ess  dense  pa r t i c l es ,  w i th  some
uncer ta in ty  due to  var ia t ions in  E wi th  vary ing ambient  water-
ve loc i t y .

The repor ted va lues of  F for  a  g iven deployment  and stat j -on are
the means of  three (occasional ly  two)  tubes mounted at  the same height
abou t  2  m apar t .

r f  the accumulated seston approaches the top of  the tube,  the
tu rbu lence  ean  wash  some o f  i t  ou t ,  and  the  ne t  co l l ec t i on ra te  s lows
and  u l t ima te l y  s tops .  Th i s  shou ld  be  kep t  i n  m ind  i n  cons ide r ing
resul ts  in  which measured seston f lux exceeds about  2O mmlday over  a
deployment  longer  than 10 days.

-L7  -
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4 .5 .2  Ses ton  Pumps

The  ses ton  pump i s  an  i ns t rumen t  deve loped  by  ECO-M to  co l l ec t

samp les  o f  seawa te r  w i th  the  con ta ined  ses ton  a t  regu la r  i n te rva l s

ove r  a  pe r iod  o f  seve ra l  days  a t  a  f i xed  l oca t i on .  The  samp les  a re

accumu la ted  i n  a  s ing le  con ta ine r ;  t he  ave rage  ses ton  concen t ra t i on

ove r  the  pe r iod  o f  dep loymen t ,  and  o the r  ave rage  p rope r t i es  o f  t he

wa te r ,  a re  found  by  l abo ra to ry  ana lyses  o f  t he  compos i te  samp le .

Samp les  a re  co l l ec ted  by  a  ca l i b ra ted  pe r i s ta l t i c  pump wh ich
co l l ec t s  3  m1  pe r  r evo lu t i on .  A  c r ys ta l - con t ro l l ed  cyc le  t ime r
p roduces  any  spec i f i ed  number  o f  revo lu t i ons  a t  spec i f i ed  t ime-

in te rva l s  rang ing  by  oc taves  f rom 15  m inu tes  to  16  hou rs .  The  samp le

con ta i ne rho lds  4  l i t e r s ,  and  i s  f i t l ed  i n  10  days  a t  apump ing  ra te  o f

16  mI  pe r  hou r .

Bo th  o rgan ic  and  i no rgan ic  ses ton  can  d i sso l ve  and  p rec ip i t a te

to  some ex ten t  i n  t he  cou rse  o f  a  few  days  i n  t he  samp le  con ta ine r ,

even  when  bac te r i a  a re  k i1 led  by  sod ium az ide .  The  deve lopmen t  o f  t he

ins t rumen t  has  requ i red  expe r imen ta t i on  and  tes t i ng  o f  t he  s tab i l i t y

o f  suspended  and  d i sso l ved  ma t te r  i n  t he  con ta i ne r ,  bes ides  t es t s  o f

mechan i ca l  r e l i ab i l i t y .  These  t es t s  w i l l  be  desc r i bed  t oge the r  w i t h
the  resu l t s  o f  f i e l d  dep loymen ts  th rough  the  l a t t e r  ha l f  o f  1986  when

the  f i e ld  da ta  a re  f i na l l y  es tab l i shed  i n  the  new da ta  base  DBSESTON.

- t8 -
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4 .6 . ' ,  Con t i nuous  F low  Ana lyze r

The  Con t inuous  F low  Ana lyze r  (CFA)  i s  a  mu l t i pu rpose ,  modu la r

analy t ica l  inst rument  which can per form severa l  and var ious analyses

concu r ren t l y .  The  bas i c  ana ly t i ca l  p r i nc ip le  u t i l i zed  by  th i s

inst rument  is  co lor imetry  or  the measurement  of  the absorbance of

l ight  (a t  a  def ined wave length through a def ined path length)  as i t

Passes  th rough  a  co lo r  so lu t i on .  Th i s  t ype  o f  ana lys i s  re l i es  on  ou r

ab i l i t y  t o  comb ine  o r  reac t  t he  chemica l  i n  ques t i on  w i th  ano the r

reagen t  t o  p roduce  a  co lo red  so lu t i on .  The  i n tens i t y  o f  t h i s  co lo r

wi l l  be propor t ional  to  the coneentrat ion of  the unknown.  By

compar ison wi th  known standards the concentrat ion of  the unknown can

be  deduced .  F igu re  4 -6 -1  shows  a  bas i c  f unc t i ona l  d iag ram o f  t he  CFA.

The  CFA cons i s t s  o f  f ou r  bas i c  modu la r  componen ts .  The  f i r s t  i s

a propor t ion ing pump which draws samples,  s tandards and reagents at
p rec i se  f l ow  ra tes  th rough  t ransmiss ion  tub ing .  These  reagen ts  a re

then pumped to the mani fo lds where the samples and reagents are

comb ined  a t  spec i f i c  j unc t i ons  and  p ree i se  t imes  as  de te rm ined  by  the

requ i red  ana lys i s .  I t  i s  a t  t h i s  po in t  where  the  so lu t i ons  deve lop

the  spec i f i c  co lo r  cha rac te r i s t i c  requ i red  by  co lo rme t r i c  ana lys i s .

This  co lored so lut ion now f lows through the co lor imeters where the

in tens i t y  (abso rbance )  o f  t he  so lu t i on  i s  measured .  Da ta  i s  reco rded

con t inuous l y  v ia  the  co lo r ime te r  t o  s t r i p  cha r t  reco rde rs .

The CFA operated by EC0Systems is  manufactured by Scient i f ic

Inst ruments Corporat ion and consis t  o f  the fo l lowing modular

componen ts :  one  AS-100  samp le r ;  one  AP-200  pe r i s ta l t i c  pump;  two

mani fo ld  cat r idges (one for  NO, *  NOZ and NO, analys is ,  and one for  NHO

ana lys i s ) ;  t h ree  AC-200  Con t inuous  F low  Co lo r ime te rs  (one  fo r  each

ni t rogen nutr ient )  and two Non-L inear  s t r ip  char t  recorders (  a  dual

pen  and  s ing le  pen ) .

-L9 -
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The  en t i re  un i t  was  p laced  i n  t ranspor t  box  cons t ruc ted  by  ECOSys tems

which a l lowed for  easy t ranspor t  to  and set  up in  the lab aboard sh ip.

4 .6 .1  . 1  I n  S i t u  Nu t r i en t  Ana l ys i s

The  CFA i s  used  on  a  regu la r  bas i s  f o r  i n  s i t u  de te rm ina t i on  o f

N03 '  NO, and NHO over  depth.  For  th is  purpose the CFA is  p laced aboard

ship and t ranspor ted to  the s tudy area.  Water  samples are then pumped

from depth to  the sh ip where a cont inuous sample is  wi thdrawn f rom a

f l ow  ce l1  be fo re  d i scha rged  ove rboard .

4 .6 . "1 .2  D isc re te  Nu t r i en t  Ana lys i s

In the laboratory the CFA is  rout ine ly  used fsr  the determinat ion

of  NOr,  NO2 and NHO in seawater  samples co l lected in  the s tudy area and

t ranspor ted  back  to  ECOSys tems .  A11  ana ly t i ca l  ope ra t i ons  a re

iden t i ca l  t o  f i e ld  use ,  excep t  t ha t  t he  AS- f00  samp le r  i s  used  fo r

de l i ve ry  o f  samp le  i ns tead  o f  t he  i n  s i t u  f l ow  ce I l .  Ana lys i s  o f

d iscrete samples is  done to check and ca l ibrate in  s i tu  sampl ing and

a lso  fo r  mon i to r i ng  n i t rogen  l eve1s  a t  va r i ous  KEP s ta t i ons .

4 .6 .2  F luo romete r

F luo romet r i c  ana lys i s  i s  done  fo r  a  number  o f  va r i ab les

inc lud ing ch1orophy1l ,  phaeophyt in  and dye concentrat ion.  The

inst rument  used for  th is  type of  analys is  is  known as a f luorometer

and  ope ra tes  on  the  p r i nc ip le  tha t  a  f  l uo rescen t  mo lecu le  r ^1 i11  abso rb

l ight  a t  one wavelength and a lmost  instant ly  emi t  l ight  a t  a  new and

longer  wave length.  The co lor  o f  the emi t ted l ight  (or  i ts  emmiss ion

sPectra)  is  independent  of  the exc i ta t ion wavelength and i ts

in tens i ty  depends on the number of  photons of  l ight  which the

f l uo rescen t  ma te r ia l  abso rbs  pe r  un i t  o f  t ime .  Thus ,  t he  i n tens i t y  o f

the  emi t ted  l i gh t  i s :  1 . )  p ropo r t i ona l  t o  t he  concen t ra t i on  o f  t he

f l uo rescen t  ma te r ia l  p resen t ,  and  2 .  )  has  a  cha rac te r i s t i c  exc i t a t i on

- 2L-
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spec t rum.  By  p rope r  se lec t i on  o f  exc i t a t i on  and  emiss ion  f i l t e r s  a

h igh  deg ree  o f  f l uo rescen t  ma te r ia l  se lec t i v i t y  may  be  ach ieved .

Ca l i b ra t i on  i s  accomp l i shed  by  p repa ra t i on  o f  app rop r ia te  s tandards

in the laboratory and then compar ing the in tens i ty  of  emi t ted

f luorescence of  the unknown to known.

4 .6 .2 .1  D isc re te  Ch lo rophy l l  and  Phaeophy t i n  Ana lys i s

Ch lo rophy l l  and  i t s  deg reda t i on  p roduc t ,  phaeophy t i n ,  a re

rou t i ne l y  de te rm ined  f rom d i sc re te  wa te r  samp les  taken  f rom the  s tudy

a rea  and  t ranspor ted  to  ECoSys tems .  I n  the  l ab ,  t hey  a re  ex t rac ted

from the sample us ing a 9O% acetone so lut ion.  Then they are measured

f l uo romet r i ca l l y  us ing  known  s tandards .  ECOSys tems  had  used  a  Tu rne r

I I f  F luo romete r  un t i l  t he  end  o f  1985  a t  wh ich  t ime  i t  was  rep laced

w i th  a  Tu rne r  Des igns  Mode l  10 -000 .

4 .6 .2 .2  I n  S i t u  Ch lo rophy l l  Ana l ys i s

F luo romet r i c  ana lys i s  can  a l so  be  adap ted  fo r  i n  s i t u

ch lo rophy l l  de te rm ina t i on .  To  accomp l i sh  th i s  t he  f l uo romete r  i s

f i t t ed  w i th  a  f l ow- th rough  cuve t te  th rough  wh ich  i s  pumped  a

con t i nuous  s t ream o f  seawa te r .  The  ch lo rophy l l  i n  t h i s  wa te r  w i l l

f l uo resce  and  a  quan ta t i ve  measuremen t  can  be  ca l cu la ted  f rom th i s

va lue .  D isc re te  samp les ,  however ,  mus t  be  taken  du r ing  the  i n  s i t u

measuremen t  and  re tu rned  to  the  l ab  fo r  ana lys i s .  Us ing  the  d i sc re tes

to  ca l i b ra te  the  i n  s i t u  measuremen t  p roduces  an  accu ra te  measuremen t

o f  i n  s i t u  ch1orophy1 l .  Pheaeophy t i n  canno t  be  measured  i n  s i t u  us ing

the  con t i nuous l v  f l ow  me thod .

4 .6 .2 .3  Ch lo rophy l l  and  Phaeophy t i n  i n  Sed imen t  Ana lys i s

The determinat ion of  ch lorophyl l  and phaeophyt in  in  sediments is

a l so  rou t i ne l y  pe r fo rmed  by  ECOSys tems .  Th i s  t ype  o f  f l uo romet r i c

ana lys i s  i s  no  d i f f e ren t  t han  tha t  used  fo r  d i sc re te  wa te r  samp les
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except  that  the ch lorophyl l  and phaeophyt in  is  ext racted f rom

sediment  sample rather  than water .

4 .6 .2 .4  T rac ing  o f  F luo rescen t  Ma te r ia l s

A  number  o f  wa te r  so luab le  dyes ,  such  as  rhodamine ,  f l uo rescence

and  l i ssamine ,  exh ib i t  f l uo rescen t  p rope r t i es .  ECOSys tems  has

conducted a number of  water  mass t rac ing and d i lu t ion rat io

exper iments in  the s tudy area us ing f luorescence dyes by t rack ing the

d is t r i bu t i on  o f  dye  us ing  the  f l uo romete r .  Th i s  i s  ach ieved  by
pumping seawater  through the f luorometer  (wi th  a f low-through

cuve t te )  f rom dep th  us ing  a  submers ib le  pump.  The  f l uo rescence  o f  t he

sample is  recorded cont inuouly  and the data is  ca l ibrated against

known standards.

4.6.3 Nephelometer

When l ight  passes through a l iqu id conta in ing suspended sol ids,

a  po r t i on  o f  t h i s  l i gh t  i s  de f l ec ted  f rom i t s  o r i g ina l  pa th  a t  t he

re f rac t i ve  i ndex  d i scon t i nu i t i es  be tween  the  l i qu id  and  so l i d
par t ic les.  A nephelometer  is  an inst rument  which measures the amount

o f  l i gh t  de f l ec ted  ( i nou r  case ,  90o  f r omthe  i nc i den t  l i gh t  beam) .  I n

nephelometry ,  each d iscont inu i ty  acts  independent ly .  I f  there are no

suspended  so l i ds ,  no  l i gh t  i s  sca t te red ,  and  the  nephe lomete r  reads

ze to .  As  the  so l i ds  con ten t  i nc reases ,  t he  sca t te red  l i gh t  i nc reases
p ropor t i ona te l y ,  y i e ld ing  a  l i nea r  re la t i onsh ip  be tween  read ing  and

concen t ra t i on .  Th i s  re la t i onsh ip  ho lds  un t i l  a  s ign i f i can t  f rac t i on

o f  t he  sca t te red  l i gh t  i s  sca t te red  tw ice  o r  more .  Even tua l l y ,  as  the

so l i ds  con ten t  ge ts  ve ry  h igh ,  t he  sys tem w i l l  go  "b l i nd "  as  no  l i gh t

can penetrate to  the area where the l ight  detector  v iews the scat tered

l i gh t .
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Nephelometry  is  re la ted to  turb id imetry  (which measures forward

sca t te r  o f  l i gh t )  and  i t s  ana logous  pa ren t ,  t r ansmiss i v i t y  (wh ich

measures  abso rbance  o f  l i gh t ) .  F rom a  p rac t j - ca1  po in t ,  however ,  i t  i s

a  much  more  p rac t i ca l  f i e l d  i ns t rumen t  as  i t  has  g rea te r  sens i t i v i t y ,

l i nea r  response ,  and  i s  no t  s t rong ly  e f fec ted  by  d i sso l ved  co lo red

ma te r i a l s .

I
ECOSys tems  uses  a  Tu rne r  Des igns  Mode l  10 -000  f l uo romete r ,

I  
adap ted  w i th  a  10 -033  Con t inuous  F low  Nephe lomet ry  K i t  f o r  i t s

r  nephe lome t r i c  s t ud ies .

4 .6 .3 .1  Tu rb id i t y  Measuremen ts

These  s tud ies  were  ca r r i ed  ou t  us ing  the  nephe lomete r  on  boa rd

sh ip  i n  t he  con t i nuous - f l ow  mode .  Seawa te r  i s  pumped  to  the

inst rument  f rom a depth us ing a submers ib le  pump and hose assembly,

th rough  the  nephe lomete r ,  t hen  d i scha rged  ove rboard .  Da ta  i s

reco rded  con t i nuous l y  us ing  s t r i p  cha r t  reco rde rs  then  ca l i b ra ted  by

compar ison to  know standards made in  the 1ab.

4.6.4 Spectrophotometer

Spec t ropho tomet r i c  ana lys i s  i s  pe r fo rmed  us ing  a  Bausch  and  Lomb

Spec t ron i c  710  spec t ropho tomete r .  Th i s  i ns t rumen t  i s  a  s ing le  beam

UV-v i s ib le  spec t ropho tomete r  wh ich  p rov ides  pho tomet r i c  readou t  i n

% t ransmi t tance ,  abso rbance  o r  concen t ra t i on .  The  i ns t rumen t  i s
p rov ided  w i th  i n te rchangeab le  rad ia t i on  sou rces ,  i nc lud ing  a

deuter ium discharge tube for  the lower wavelengths and a tungsten

f i l amen t  l amp  fo r  t he  v i s ib le  reg ion .  The  rad ia t i on  wave leng th  i s

se lec ted  by  means  o f  a  L i t t r on  p r i sm ;  by  ad jus t i ng  t he  pos i t i on  o f  t he
p r i sm,  l i gh t  o f  t he  des i red  wave leng th  can  be  focused  on  the  samp le

ce l l .  The  amoun t  o f  l i gh t  t ransve rs ing  the  ce l l  ( t r ansmi t tance  o r

op t i ca l  dens i t y )  i s  measured  us ing  a  pho to tube  and  pho tomu l t i p l i e r .
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4 .6 .4 .1  Ana lys i s  o f  Pa r t i cu la te  Organ ic  Carbon  i n  Sed imen t

ECOSystems rout ine ly  per forms POC analys is  us ing the

sPec t roPho tomete r .  I n  t h i s  ana lys i s ,  o rgan ic  ca rbon  i s  ox id i zed

us ing  a  su l fu r i c  ac id  po tass ium d i ch romate  so lu t i on .  Th i s  so lu t i on

changes co lor  dur ing the ox idat ion process and th is  eo lor  change
(measured  on  the  spec t ropho tomete r )  i s  d i rec t l y  p ropo r t i ona l  t o  t he

concentrat ion of  POC in a sample.  By compar ison to  known standards

the concentrat ion in  an unknown sample may be determined.

4 .6 .5  l on -Ana lyze r

ECOSys tems  uses  ammon ia -se lec t i ve  e lec t rodes  i n  con junc t i on

wi th a h igh input  impedance ph/rnV meter  for  the determinat ion of

n i t rogen  i n  sed imen t  samp les .  The  e lec t rode  func t i ons  by  sens ing

ammonia gas in  equi l ibr ium wi th  ammonia in  so lut ion which d i f fuses

across a semipermeable l ipophi l ic  membrane or i  the e lect rode which

sePara tes  an  i n te rna l  e lec t ro l y te  f rom the  samp le  so lu t i on .  The

amount of ammonia that diffuses through the membrane depends on the

par t ia l  pressure of  ammonia and is  propor t ional  to  the concentrat ion

of  ammonia in  so lut ion.  The ammonia passes through the membrane,

d i sso l ves  i n  t he  i n te rna l  f i l l i ng  so lu t i on  o f  t he  e lec t rode  and  reac ts

reve rs ib l y  w i th  the  wa te r ,  v i a

NH, + HZO = NHO + O11.

The re lat ionship between the concentrat ion of  ammonia and the

concentrat ions of  ammonium ion and hydrox ide ion is  expressed by

(NH+)  (oH)

= constant

(NH3 )
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Since the in ternal  so lut ion conta ins a level  o f  amrnonium ion that

i s  h igh  enough  to  be  cons ide red  cons tan t ,  t he  equa t ion  reduces  to :

OH=NH,  x  cons tan t

The  po ten t i a l  o f  t he  i n te rna l  pH  e lemen t  o f  t he  e lec t rode  va r ies

w i th  OH concen t ra t i on  acco rd ing  to  the  Nerns t  equa t i on :

RT

E  =  Eo  +  2 -3  -  l oe  (OH)
tF

Where  E  i s  t he  po ten ia l ;

Eo  i s  a  cons tan t  wh ich  i s  t he  sum o f  seve ra l  po ten ia l s  i n  t he  sys tem;

R  i s  t he  gas  cons tan t ;

T  i s  t empera tu re  i n  deg rees  Ke1v in ;

n is  the charge on the ion,  and

F is  the Faraday.

The h igh input  impedance mV meter  measures the potenia l

d i f f e rence  be tween  the  e lec t rodes  wh ich  w i l l  be  p ropo r t i ona l  t o  t he

ammonia coneentrat ion.

4 .6 .5 .1  Ana lys i s  o f  Pa r t i cu la te  Organ ic  N i t rogen  i n  Sed imen t

PON ana lys i s  i s  done  a t  ECOSys tems  us ing  i on -se lec t i ve  e lec t rode

ins t rumen ts .  The  PoN samp le  i s  f i r s t  sub jec ted  to  a  chemica l

t rea tmen t  ( l ow- leve l  K je ldah l  d iges t i on )  wh ich  conve r t s  t he  PON to

ammonia.  The ammonia concentrat ion is  then determined us ing an

ammonia e lect rode.  This  data can then be ca l ibrated us ing known
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standards and the amount  of  PON in the or ig ina l  sample can be

ca l cu la ted .

4 .6 .6  Non-d i spe rs i ve  l n f ra red  Ana lyze r

This  inst rument  measures organic  carbon us ing the pr inc ip le  of

in f rared spectrophotometry .  This  type of  inst rument  operates on the

pr inc ip le  common to a l l  spect ra photometers,  which is  the measurement

of  absorpt ion of  l ight  (a t  a  known wave length)  as i t  passes through a

so lu t i on .  TOC ana lyze rs  bas i ca l l y  au tomate  the  chemica l  p rocess ing

(conve rs ion  o f  o rgan ic  ca rbon  to  ca rbon  d iox ide ) ,  measuremen t  o f

absorbance ( in f rared gas analyzer)  and data reduct j -on.

An Oceanography In ternat ional  Model  524-B Tota l  Organic  Carbon

System is  used for  the organic  carbon measurements per formed by ECO-M.

The system operates by convers ion of  organic  carbon to carbon d iox ide

and then measures the absorbance of  the carbon d iox ide in  the in f rared

region of  the spectrum. By compar ison to  known standards,  the unknown

amount  of  organic  carbon can be determined.

4 .6 .6 .1  Ana lys i s  o f  Pa r t i cu la te  Organ ic  Carbon  i n  Sed imen t

Par t i cu la te  Organ ic  Carbon  (POC)  i n  sed imen t  samp les  i s

rout ine ly  determined by us ing the Non-d ispers ive In f rared Analyzer .

Sed imen t  samp les  a re  d iges ted  by  us ing  phosphor i c  ac id  and  po tass ium

persu l fa te  wh ich  conve r t s  t he  o rgan ic  ca rbon  to  ca rbon  d iox ide .  The

amount  of  CO, generated is  measured by us ing in f rared absorpt ion and

compar ing i t  against  known standards.

4 .6 .6 .2  Ana lys i s  o f  D i sso l ved  Organ ic  Carbon  i n  Ses ton

To  de te rm ine  the  l eve l  o f  D i sso l ved  Organ ic  Carbon  (DOC)  i n

ses ton  samp les ,  t he  samp les  a re  f i l t e red  th rough  0 .2  m ic ron  g lass

f i be r  f i l t e r s  to  remove  the  pa r t i cu la te  ma te r ia l .  The  f i l t e red
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seawa te r  i s  t hen  sub jec t  t o  s tandard  o rgan ic  ca rbon  to  ca rbon  d iox ide

chemist ry  and the amount  of  carbon d iox ide generated is  measured by

us ing  i n f ra red  abso rp t i on .  Compar i son  to  known  s tandards  a1 lows

ca lcu la t i on  o f  o rgan ic  ca rbon  i n  the  o r i g ina l  samp le .

4 .6 .7  E lemen ta l  Ana lyze r

E lemen ta l  ana lys i s  i s  accomp l i shed  us ing  a  Pe rk in  E lmer  Mode l

24OC e lemen ta l  Ana lyze r .  Th i s  t ype  ana lys i s  i nvo l ves  the  comp le te

eombust ion of  a  sample in  a pure oxygen envi ronment .  The combust ion

p roduc t  o f  ca rbon ,  n i t rogen  and  hyd rogen  w i l l  be  respec t i ve l y  ca rbon

d iox ide ,  va r i ous  ox ides  o f  n i t rog€D,  and  wa te r .  Th i s  m ix tu re  i s  t hen

ana lyzed  by  passage  th rough  a  se r ies  o f  t h ree  h igh -p rec i s ion  the rma l

conduc t i v i t y  (TC)  de tec to r s .

Be tween  the  f i r s t  pa i r  o f  TC  ce l1s  i s  a  mo is tu re  t rap .  As  the

samp le  passes  th rough ,  wa te r  i s  removed .  The  d i f f e ren t i a l  s i gna l

ob ta ined  be fo re  and  a f te r  t he  t rap  re f l ec t s  the  wa te r  con ten t  and

therefore the amount  of  hydrogen in  the sample.

A s imi lar  measurement  is  made for  carbon by us ing a carbon

d iox ide  t rap  be tween  a  second  pa i r  o f  TC  ce11s .  The  rema in ing  gas  now

cons is t s  o f  he l i u rn  ( t he  ca r r i e r  gas )  and  n i t rogen .  t h i s  gas  passes

th rough  a  conduc t i v i t y  ce l l ,  t he  ou tpu t  o f  wh ich  i s  compared  to  tha t

o f  a  re fe rence  ce l l  where  pu re  he l i um f l ows  to  g i ve  the  n i t rogen

concen t ra t  i on .

4 .6 .7 .1  C :H :N  Ana l ys i s  o f  Ke lp  B lades

The  b lade  samp les  a re  fu rn i shed  to  ECO-M by  members  o f  KEP.  Each

sample is  dr ied and ground in to a powder.  The powder is  then sent  to  a

subcon t rac t i ng  l abo ra to ry  where  the  ana lys i s  i s  pe r fo rmed  on  a

Hew le t t -Packa rd  Carbon-Hydrogen-N i t rogen  (CHN)  ana lyze r  f o r  t he
percen tage  o f  each  des i red  e lemen t .
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EC0Sys tems  subcon t rac ted  ke lp  b lade  C :H :N  ana lys i s  t o  M icAna l  o f

Tucson ,  A r i zona .  The  ana lys i s  i s  done  us ing  the  e lemen ta l  ana lyze r

desc r ibed  above .  EC0Sys tems  p repa red  the  ke lp  b lades  fo r  ana lys i s  by

dry ing,  and then gr ind ing the dry b lades to  a f ine powder.  These

samp les  were  then  sh ipped  to  M ic  Ana l  f o r  ana lys i s .

4 .7  CHECK AND MAINTENANCE OF SYSTEMS

Pr io r  t o  use ,  a l l  i ns t rumen ts  a re  c leaned ,  d i ssemb led  and

inspec ted  fo r  e lec t ron i c  p rob lems ,  co r ros ion ,  wa te r  l eakage ,  and  a l l

o the r  poss ib le  p rob lems  as  app rop r ia te  to  the  va r ious  sys tems  in  use .

The inst ruments are then subjected to  the fo l lowing procedures

where appropr ia te:

1 .  Ba t te ry  packs  a re  recha rged  o r  rep laced .
2 .  E lec t ron i cs  a re  reca l i b ra ted  us ing  bench  s imu la to rs .
3 .  Senso rs ,  p robes ,  compasses  and  s im i l a r  dev i ces  a re

reca l i b ra ted  and  resu l t s  documen ted .
4 .  Rubber  sea ls ,  gaske ts  and  "0 "  r i ngs  a re  rep laced .
5.  Reassembled inst ruments are operated for  a  min imum

of 24 hours in  a s imulated envi ronment  to  ver i fy  proper
opera t i on .  Dur ing  th i s  t ime ,  ex te rna l  power  i s  used .
The chips of  the EPROMS f rom th is  test  are programmed
in to  ou r  compu te r  and  resu l t s  ve r i f i ed .  I f  sa t i s fac to ry ,
the  un i t  i s  connec ted  to  an  i n te rna l  ba t te ry  sou rce ,
vo l tages are rechecked under  power,  the s torage medium
is proper ly  ident i f ied and inser ted in to the inst rument ,
and a f ina l  phys ica l  check is  per formed wi th  the power
o f f .  The  un i t  i s  t hen  ready  fo r  ope ra t i on .

Measur ing devices are ca l ibrated at  b i -month ly  in terva ls  on

ro ta t i ng  bas i s .  Tn fo rma t ion  ga the red  du r ing  the  tes t  a re  reco rded

a  p r i n ted  i nspec t i on  ca rd  and  l a te r  l ogged  in  a  separa te  1og  book .

F igu re  4 -7 - "a  dep ic t s  t he  qua l i t y  con t ro l  p rocedures  u t i l i zed  i n

I  ou r  ope ra t i ons .
I
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