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SUMMARY 

m 

I 

E a r l i e r  m e t h o d s   u s i n g   t h e   t r a d i t i o n a l   b o t t l e   c a s t s  and separa te  

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

measurements  were t i m e  consuming,   labour   in tens ive and unable t o   g i v e  a 
c o n t i n u o u s   p r o f i l e   o f   t h e   w a t e r  column.  Sampling  often had t o  be  done over  

several  days i n   o r d e r   t o   d e t e r m i  ne  an e f f l u e n t   d i s p e r s i o n   p a t t e r n   f o r  a g iven 

t i d a l   s t a g e   o r  span  severa l   s tages   o f   the   t ide .  Upon r e t u r n   f r o m   t h e   f i e l d ,  

unnecessary e f f o r t  and t ime  de lays  were  exper ienced i n  p r o c e s s i n g   t h e   f i e l d  

d a t a   f o r   f i n a l   r e p o r t i n g .  

The i n t r o d u c t i o n   o f  a s i n g l e   e l e c t r o n i c   p r o f i  1 i n g  system  capable 

o f   i n s t a n t l y   m e a s u r i n g   c o n d u c t i v i t y ,   t e m p e r a t u r e  and depth (CTD), coup led   w i th  

water  sampl ing  capabi  1 i t i e s ,  a 25 cm 1 i gh t   pa th   t ransmi   ssomete r   f o r   t u rb id i t y  

measurements,  and a m ic rocompu te r   has   vas t l y   improved   the   e f f i c i ency  and 

e f f e c t i  veness i n  d e t e r m i n i n g   e f f l   u e n t   d i s t r i b u t i o n   w i t h i n   t h e   r e c e i v i n g  

environment. The q u a l i t y  and q u a n t i t y   o f   i n f o r m a t i o n   c o l l e c t e d   a r e . f a r  

s u p e r i o r   t o   p r e v i o u s  methods  used, a1 1 owing f o r   r e a d y   a c c e s s   t o   t h e   d a t a   f o r  

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

amount o f  manual e f f o r t  and t ime. 

Time t o  compl ete  each  sample  stat ion  has been reduced  from i n  

excess o f  one  hour t o   l e s s   t h a n  10 m inu tes ,   pe rm i t t i ng   comp le te   cove rage   o f  
most e f f l u e n t  f i e l d s  w i t h i n  a s i n g l e  s tage  o f  t h e  t i d e ,  maximiz ing  vessel  t i m e  

and manpower. Wi th   the  computer   s torage  and  process ing  capabi l i ty ,   data  can 

be  analyzed  and made a v a i  1 ab1 e w i t h i n  a few weeks f o l l  o w i n g   c o l l   e c t i  on as 

opposed t o  as much as a y e a r   w i t h   t h e   o l d e r  system.  Cost o f   t h e   p r o f i l i n g  

system compl e te   w i th   m ic rocomputer  and  winch was approx imate ly  850,000. 

II 

ilY 
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1. INTRODUCTION 

It i s   o f t e n   n e c e s s a r y   d u r i n g   i n v e s t i g a t i o n s   a t   v a r i o u s   c o a s t a l  

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

q u i c k l y  as p o s s i b l e   t h e   b o u n d a r i e s   o f   t h e   e f f l u e n t   p l  ume. These boundar ies 

must   be  determined  under   var ious  t ida l   condi t ions , as we1 1 as a v a r i e t y   o f  

oceanographic   condi t ions  such  as  temperature,   sa l in i ty ,   water   densi ty ,  

etc.. I n  one p a r t i c u l a r  case ,   t he   Amax /K i t sau l t   m ine ,   t he   t a i l i ngs   d i s -  

charge i s  governed  by  speci a1 r e g u l a t i o n   ( i  .e. A1 i c e  A r m  Tai 1 i ngs  Deposi t  

Regu la t ions  , AATDR) wh ich   spec i f y  where i n   t h e   r e c e i v i n g   w a t e r   t h e   e f f  1 uent  

plume i s  pe rm i t ted .   Th i s   requ i res  a r a p i d  and e f f i c i e n t  method fo r   assess -  

i n g   c o m p l i a n c e   o f   t h e   e f f l u e n t  plume w i t h   l i m i t s   s e t   b y   r e g u l a t i o n .  

Apar t   f rom  assess ing   compl iance  w i th   federa l   regu la t ions ,   es tab-  

1 i s h i   n g   t h e   e f f l u e n t  plume  boundaries  aids i n   t h e   i n t e r p r e t a t i o n   o f   b i o l o g -  

i c a l  , chemical , and p h y s i c a l   m o n i t o r i n g   r e s u l t s  and i n   e s t a b l  i shi  ng mean- 

i ng fu l   samp l ing   s i t es   f o r   mon i to r i ng   pu rposes .  Much o f   the   oceanograph ic  

d a t a   c o l l e c t e d  a1 so a s s i s t s   i n   u n d e r s t a n d i n g   t h e   d y n a m i c s   o f   t h e   r e c e i v i n g  

envi  ronment  and i t s   i n f l u e n c e  on waste  d ischarge. 

Over the   pas t   f ew   yea rs  an e l e c t r o n i c   c o n d u c t i v i t y ,   t e m p e r a t u r e ,  

depth  and  t ransmissometer  prof i l ing  system  (CTD-Transmissometer)   coupled 

w i t h  a microcomputer  has  been  assembled.  This  has  greatly  enhanced  capa- 
b i l i t i e s   o f   a s s e s s i n g   e f f l u e n t   d i s t r i b u t i o n  and behaviour  i n   t h e   r e c e i v i n g  

env i ronment   under   var ious  oceanographic   condi t ions.  The system i s  designed 

t o   o p e r a t e   f r o m   s m a l l  (20-25 f t . )   vesse ls   o r   l a rge r   oceanograph ic   sh ips .  

The amount o f   d a t a   c o l l e c t e d ,   i t s   q u a l i t y  and s t o r a g e   a l o n g   w i t h   t h e  speed 

a t   w h i c h   t h e   i n f o r m a t i o n   i s  made avai  1 a b l e  t o  t h e   o b s e r v e r   i n   t h e   f i e l d  and 

f o r   f i n a l   r e p o r t i n g  has  been i n c r e a s e d   m a r k e d l y   o v e r   e a r l i e r   p r o f i l i n g  

methods  and  equipment. 

With  the  t ransmissometer,   the  system i s   e s p e c i a l l y   a p p l i c a b l e  t o  

t r a c i n g   p a r t i c u l a t e   b e a r i n g   e f f l u e n t s   b u t   c o u l d  be  adapted f o r   u s e  on 

n o n - p a r t i c u l   a t e   b e a r i n g   e f f l u e n t s ,   s u c h  as f rom p u l p  mi 11 s ,  through  the  use 

o f  f 1 uoromet ry  . 
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I n i  t i  a1 System 
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I n i  t i a1 l y ,  sampl i n g   p r o c e d u r e s   c o n s i s t e d   o f  a s e r i e s   o f   s t a n d a r d  

hydrocasts  where a number o f  N I O  w a t e r   b o t t l e s   e q u i p p e d   w i t h   r e v e r s i n g  

thermometers  were  deployed t o   c o l l e c t   w a t e r  samples f o r   s a l i n i t y  and 

temperature  f rom  speci f ic   depths  throughout   the  water   co lumn.   Fo l lowing 

t h i s ,  a one me t re   l i gh t   pa th   t ransmissomete r  was l o w e r e d   s e p a r a t e l y   t o  

o b t a i n  1 i g h t   t r a n s m i t t a n c e   l e v e l s   a t  5 o r  10   me t re   i n te rva l s   t h roughou t   t he  

water  column. The transmissometer was coupled t o  a deck u n i t  by a 1 /2"  

mu l t i conduc to r   cab le  and lowered  by hand. All readings  were hand recorded 

f rom a meter  readout.  

I f  chemical i d e n t i f i c a t i o n   o f   t h e   p a r t i c u l a t e   m a t t e r  was 

requi   red,  a t h i   r d   c a s t  had t o  be made u s i n g  a s e r i e s   o f  2 o r  4 1 i t r e  N i  s k i  n 

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

The t i m e   t o  compl e t e  a s i n g l e   s t a t i o n  was normal ly  i n  excess o f  

one  hour i f  th ree   hydrocas ts   were   requ i red .   Th is   genera l l y  a1 lowed  approx- 

i m a t e l y   8 - 1 0   s t a t i o n s   t o  be  sampled i n  a 12  hour   sh i f t .   Apar t   f rom limit- 

i n g   t h e  number o f   s t a t i o n s   w h i c h   c o u l d  be  reasonably done i n  a day, 

comp le te   cove rage   o f   t he   p lume  a rea   o f ten  had t o  span  severa l   s tages  o f   the 

t i d e   o r   w i t h i n  a s i n g l e   s t a g e   o f   t h e   t i d e ,  i f  done over  several  days. The 

i n f l u e n c e   o f   t h e   t i d e   o b v i o u s l y  can  have a c o n s i d e r a b l e   a f f e c t  on p l  ume 

d i s t r i b u t i o n  and  must  be  considered when sampling. 
The method o f   d i sc re te   wa te r   samp l ing   a t   va r ious   dep ths  

obv ious ly   cannot   p rov ide  a c o n t i n u o u s   p i c t u r e  o f  the  water  column and  has 

t h e   r i s k   o f   m i s s i n g  key  features  which may be  impor tant  i n   f i n a l   i n t e r p r e -  

t a t i o n .  

1.2 Second Stage  System 

The i n i t i a l  system was subsequent ly  replaced  by an e l e c t r o n i c  CTD 

sensor  system  manufactured  by  Plessy  Environmental  Systems  (now  Grundy, see 

s p e c i f i c a t i o n s )  and  coupled  wi th  a 25 crn pa th   leng th   t ransmissometer  manu- 

fac tu red   by  Sea Tech   I nc .   ( see   spec i f i ca t i ons ) .   S igna ls   f rom  the   p robe   a re  

t r a n s m i t t e d   i n   s e p a r a t e   f r e q u e n c i e s   t h r o u g h  a 1 /8" ,   s ing le   conductor  
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m u l t i p l e x  cab1 e t o  a f i  ve-parameter d i g i t a l   d i s p l a y   u n i t  a1 so manufactured 

by P1 essy  Envi ronmenta l   Systems  (see  spec i f icat ions)   (F igure 1). The cab le  

a1 so serves t o  lower   the   ins t rument ,  a1 lowi  ng  up t o  350 metres t o  be 

mounted on a smal 1 hyd rau l i ca l l y   d r i ven   w inch .   W i th   t he   app rop r ia te  

adaptor  base and h y d r a u l i c   f l o w   c o n t r o l s ,   t h i s   w i n c h  can  be  used on l a r g e  

oceanograph ic   sh ips   o r   connec ted   d i rec t l y   t o  a h y d r a u l i c  pump on a smal l  

i nboard   d r i ven   boa t .  The smal 1 s i z e   o f   t h e   c o n d u c t o r   c a b l e   a l l o w s   f o r  

sending a messenger down t o   t h e  probe t o   t r i p  a 5 l i t r e  w a t e r   b o t t l e  

mounted  on t h e   p r o t e c t i v e   c a g e   ( F i g u r e  1) i f  a water  sample i s  needed f o r  

c h e m i c a l   i d e n t i f i c a t i o n .  The sample i s  t hen   gua ran teed   t o  be taken  f rom 

t h e   e x a c t   d e p t h   o f   t h e   p r o b e ,   g i v i n g  a more r e p r e s e n t a t i v e  sample  than 

severa l   separate  hydrocasts .  

I n i t i a l l y ,   t h e   d i g i t a l   d a t a  was hand recorded  a t  5 metre 

i n t e r v a l s .   L a t e r ,  a casse t te   t ape   reco rde r  was added.  However,  hand 

r e c o r d i n g  was s t i  11 r e q u i r e d   t o   o b t a i n   d a t a   i m m e d i a t e l y   f o r  use i n   t h e  

f i e l d .   T h r o u g h   t h e   u s e   o f   t h i s  system, t h e  number o f   h y d r o c a s t s   f o r   e a c h  

s t a t i o n  was reduced t o  one f rom  the   p rev ious   t h ree .  I f  more  water  samples 

were r e q u i r e d   t h r o u g h o u t   t h e   p r o f i l e ,  a s e r i e s   o f   c a s t s   i n   q u i c k   s u c c e s s i o n  

c o u l d  be made by r a i s i n g  and lower ing   t he   p robe  and b o t t l e .  The main 

advantage o f   t h i s   i s   t o   c o l l e c t   o c e a n o g r a p h i c  and t ransmissometer   data  a t  

p r e c i s e l y   t h e  same depth as the   wa te r  sample  used f o r  chemical 
i d e n t i f i c a t i o n .  The t i m e   r e q u i r e d   t o   c o m p l e t e   e a c h   s t a t i o n  was reduced t o  

approx imate ly  20 m i n u t e s ,   w i t h   t h e  1 imiti ng f a c t o r   b e i n g   t h e   t i m e  needed t o  

hand record  data.   Th is   method  permi t ted  more  complete  coverage  o f   the 

e f f l u e n t   f i e l d   w i t h i n  a g i v e n   s t a g e   o f   t h e   t i d e  and a l l o w e d   f o r  a 

c o n t i n u o u s   p r o f i  1 e o f   t h e   w a t e r   c o l  umn. 

1.3 Computer I n t e g r a t e d  System 

The CTD-Transmissometer p r o f i l i n g  system  which i s   p r e s e n t l y   i n  

use  has now been  coup'led w i t h  a Hewlett  Packard 9826 microcomputer 

( F i g u r e  1). Use of   the  microcomputer was made p o s s i b l e   t h r o u g h   t h e  

development o f  a mul t ichannel   f requency  counter   which  conver ts   sensor  
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v o l t a g e s ,   t r a n s m i t t e d   t o   t h e  deck u n i t   i n   k i l o h e r t z ,   t o   d i g i t a l  numbers i n  

computer  language. The frequency  counter was developed  through  the  cooper-  

a t i o n   o f   t h e   I n s t i t u t e   o f  Ocean Sciences a t  P a t r i c i a  Bay. The computing 

c a p a b i l i t i e s  and  speed o f   t h e   m i c r o c o m p u t e r   p e r m i t s   s t o r a g e   o f  a l a r g e  

volume o f   d a t a   c o l l e c t e d   d u r i n g  each  cas t ,   the   appropr ia te   p rocess ing  and 

i m m e d i a t e   d i s p l a y   o f   t h e   i n f o r m a t i o n   e n a b l i n g   d e c i s i o n s   t o  be made d i r e c t l y  

i n   t h e   f i e l d  on t h e  most a p p r o p r i a t e   l o c a t i o n   f o r   w a t e r   s a m p l i n g  and t h e  

nex t   samp le   s ta t i on   l oca t i on .  An average 350 m p r o f i l e   c o n s i s t s   o f   a p p r o x -  

i m a t l e y  700 i n d i v i d u a l   r e c o r d s   f o r  each o f   f o u r   p a r a m e t e r s ,   c o n d u c t i v i t y ,  

temperature,   depth and l i g h t   t r a n s m i t t a n c e .  A software  package  has  been 

developed t o   a u t o m a t i c a l l y   c o n v e r t  each  parameter  from  frequency t o  

s c i e n t i f i c   u n i t s  (e.g. O/oo, "C, metres, and % t r a n s m i t t a n c e ) .  Each 

parameter   can  be  d isp layed  separate ly   on a 7 inch   sc reen (CRT) and observed 

d i r e c t l y  as the  probe i s  lowered  through  the  water  column.  Dur ing  the 

descen t ,   t he   numer i ca l   da ta   a re   p r i n ted   ou t   a t  a r a t e   r a n g i n g   f r o m   o n c e   i n  

every 1 t o  20 seconds. A t  t h e  end o f  each c a s t  a hard  copy o f   t h e   p r o f i l e  

can  be  obtained  from a t h e r m a l   p r i n t e r .  On the   ascent  a s i n g l e   w a t e r  sam- 

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

numbers  and t h r e e   r e c o r d s   o f   t h e  CTD-Transmissometer  data  can  be  obtained 

t h e   i n s t a n t   t h e  messenger h i t s   t h e   w a t e r   b o t t l e  a t  the  des i   red  depth.   Th is  

can   be   repea ted   f i ve   t imes   be fo re   hav ing   t o   re -se t   t he   compu te r   f o r   ano the r  
p r o f i l e .  A1 1 d a t a   g a t h e r e d   d u r i n g   t h e   p r o f i l e  can be s t o r e d  on d i s k e t t e  

f o r  1 a te r   ana lyses  , g r a p h i c a l   p r e s e n t a t i o n   i n   t e x t   q u a l  i t y  s i n g l e   o r  mu1 t i  - 
pa ramete r   p lo t s  and  tabu1 a r  summaries o f   t he   numer i ca l   da ta  a t  s p e c i f i c  

d e p t h   i n t e r v a l  s .  

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

p e r m i t t e d   t h e   c o l l e c t i o n  and  s to rage  o f  a cons iderab le  amount o f   i n f o r m a -  

t ion ,   con t inuous ly   th roughout   the   water   co lumn.  The t i m e   r e q u i r e d   t o  com- 

p l e t e  a s i n g l e   s t a t i o n   w i t h   t h e  use o f   t he   m ic rocompu te r  has  been reduced 

t o  under 10 m inu tes .   I n  most  cases t h i s   a l l o w s   c o m p l e t e   c o v e r a g e   o f   t h e  

e f f l u e n t  plume w i t h i n  a s i n g l e   s t a g e   o f   t h e   t i d e .  A1 1 da ta   co l l ec ted   can  

then be   compi led   in to  a r e p o r t   w i t h i n   s e v e r a l  weeks a f t e r   r e t u r n i n g   f r o m  

t h e   f i e l d .  
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Examples o f  some t y p i c a l   o u t p u t s   a r e  shown i n  F igures  2 t o  8. 
F i g u r e  2 i s  an example o f   t h e   s t a t i o n   i n f o r m a t i o n   a l o n g   w i t h   w a t e r  sample 

i n f o r m a t i o n  and  any comments t h e   o p e r a t o r   w i s h e s   t o  make. F igure.  3 shows 

t h e   n u m e r i c a l   d a t a   p r i n t e d   d u r i n g   t h e   p r o f i l e ,   i n   t h i s   c a s e  once  every 10 

seconds. F i g u r e  4 i s  an example o f   t r a n s m i s s o m e t e r   p r o f i l e   o b t a i n e d   f o l -  

1 owing   comple t ion   o f   the   p robe 's   descent  and l o c a t i o n   o f  a water  sample 

taken  upon  the  ascent.  As shown i n   F i g u r e  5 t h e   p r o f i l e  can  be  expanded i f  

requi   red.  The numerical  data  can  be summari zed i n t o   s p e c i f i c   d e p t h   i n t e r -  

v a l s  as shown i n   F i g u r e  6. Upon r e t u r n   f r o m   t h e   f i e l d   s i n g l e   o r   m u l t i p a r a -  

m e t e r   p l o t s  can then be p r e p a r e d   f o r   f i n a l   r e p o r t i n g   ( F i g u r e s  7 and 8). 
A1 though  there  has  been an i n i t i a l   c o s t   o u t l a y   o f   a p p r o x i m a t e l y  

$50,000 and the  sensors do r e q u i   r e   p e r i o d i c   s e r v i c i n g   t o   e n s u r e   p r e c i s e  

c a l i b r a t i o n ,   t h i s  system  has  allowed f o r  much g rea te r   cove rage   o f   t he  

r e c e i v i n g   w a t e r   w i t h i n  a sho r te r   pe r iod ,  more p r e c i s e   i n f o r m a t i o n   g a t h e r e d  

cont inuous ly   th roughout   the   water   co lumn and s u b s t a n t i a l   r e d u c t i o n   i n  

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

manpower and vessel   t ime  can a1 so be  maximi  zed, w i t h   c o n s i d e r a b l e   c o s t  

sav i  ng. 

There  has been  no i n t e n t i o n   i n   t h i s   r e p o r t   t o   p r e s e n t   t h e  

s p e c i f i c   d e t a i  1 s o f   t h e  computer   sof tware  nor   the  procedures  invo lved i n  

conduct ing  CTD-Transmissometer  prof i les.  These  can be obtained  by 
c o n t a c t i n g  t h e  au tho rs  a t  t h e  Environmental  P r o t e c t i o n  Serv ice,  P a c i f i c  

Region,  Kapilano 100, West Vancouver, V7T 1A2. 

E f f o r t s   a r e   p r e s e n t l y  underway t o  develop a c a l i b r a t i o n   c u r v e   f o r  

t he   t ransmissomete rs   t o   reduce   t he  need f o r   c o l l e c t i n g   w a t e r  samples t o  

determi  ne suspended sol i d s   c o n c e n t r a t i o n s   t h r o u g h   g r a v i m e t r i c   a n a l y s i s .  
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2. SPECIFICATIONS 

CTD Sensor - Model  9400 

Dimensions - 30.5 cm wide x 40.6 cm h i g h  

Weight - 11.8 kg i n   a i r ,  8.2 kg i n  water 

Depth  Capabi 1 i t y  - 350 m, 600 m avai  1 a b l e  

Parameter  Conduct iv i ty  Temperature  Depth 

Mode 1 6500 4500 4600 

Range 0 t o  60 mmho/cm -2°C t o  35°C 300 m 

Accuracy - + 0.03 mmho/cm - + 0.02OC - + 0.95% o f  

f u l l   s c a l e  

Output  Signal  

Frequency  4995-7901 HZ 2127-4193 HZ 9712111,288 HZ 

Resol u t i  on  0.0001 mmho/cm 0.0001"c  0.0002% FS 

Time Constant 0.1 sec. 0.35 sec. 0.1 sec. 

D i g i t a l   D i s p l a y   U n i t  - Model  8500 

Manufacturer  - P1 essy  Envi  ronmental  Systems, San Diego,  Cal i f o r n i  a, now 
Grundy 

Transmi  ssometer 

Depth  Capaci ty - 750 metres 

Dimensions - Length - 78 cm, Diameter - 10 cm 

L ight   Source - Monochromat ic   co l l imated beam a t  660 nm 

Path  Length - 25 cm 

Manufacturer  - Sea Tech  Inc. ,   Corva l l is ,  Oregon 
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Analog- to -D i   g i   ta l   Conver te r  

EPS/ IOS Mul t i -Channel   Frequency  Counter*   for   the  convers ion  o f  

v o l t a g e   t o   d i g i t a l   c o u n t s   n e c e s s a r y   f o r   c o m p u t e r   p r o c e s s i n g .  One second 

s igna l   averag ing  i s  used  between  packet  outputs t o  G P I O  (HPIB) and RS-232 

connector   por ts .  

Parameter  Frequency  Bandwidth  (Hz) Range 

d isso lved  oxygen 1562 - 1913 

temperature 2015 - 4584 

conduct i  v i  t y  rati o 4995 - 8318 

pressure 9526 - 11812 

t ransmi   ss i  on 14000 - 16000 

Micro-Comouter  Svstem 

-0.6 - 20.0  ppm 

-4.0 - 42.0  deg.C 

0.0 - 1.6 

-35 - 400 dbar 

100 - 0 % 

Processor:   Hewlet t -Packard 9826 desktop  computer  wi th RAM l o a d i n g  BASIC 

operat ing  system. 

Accessor ies:  Memory - HP 256K RAPI memory expansion  board. 

P r i n t e r  - HP Model  26716 the rma l   g raph ics   p r i n te r .  

P l o t t e r  - HP Model 9872C e i g h t  pen f u l  l y  programmable p l o t t e r  

f o r   d r a w i n g s  up t o  11 by  15  inches. 

Software:  EPS des igned  programs  wr i t ten i n  HP B A S I C  2.0 f o r   f r e q u e n c y  

counter   da ta   aqu i   s i  ti on  and process i   ny , graph i   ca l  

p r e s e n t a t i o n ,   l i s t i n g  and s torage.   Addi t ional   programs  for  

d i s k e t t e   f i l e  mai  n t e n t a n c e   i n c l u d i n g   d a t a   e d i t i n g  and f u r t h e r  

outputs .  

*Mul t i -channel   f requency  counter  was deve loped  th rough  the   coopera t ion   o f  

T.A. C u r r a n   f r o m   t h e   I n s t i t u t e   o f  Ocean Sciences,  Pat Bay. 
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F i g u r e  2 Stat ion  and  Water  Slampl ing  Informat ion 

C T D  F I L E  LISTING ROllTINE : MARINE16 

Survey Area : ALICE ARM 
Date : 83/10/06 

Station : Q 20 Lat. : 55 26.7 
Long : 129 31.8 

Tlme (profile start) : 1033 PDT Air depth reading : 1.30 meters 
(end of cast) : 1041 PDT Sounder depth : 263.00 meters 

Cassette  identification no. : 0 Counter at Hir Readrng : 0 
at Profile  Start : 0 
at Profile  Stop : 0 
at  End o f  Cast : 0 

No. Sample Bottle Salinity Bottle Depth ( m )  Temp CC, Salrnits Trans 2 
1 66 ..... 252.85 6.44 31.0321 81 .ZOO 

253.04 6.46 ‘36.9931 81.150 
252.85 6.48 30.977O 81 . 1  IlO 

L 6 7 ..... 101.98 7.93  29.5758  76.800 
101.73 7.89  23.6062 76,900 

“I 

Operator Comments 

: SALINITY CALIB. +3 
: PLANKTON ID 
: FROM #GB 
0 -  

* -  



Figure 3 CTD Cast Profile Informat ion 

* CTD CAST  PROFILE  INFORMATION. 

61m: 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
15 
17 
16 
19 
u 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

ipm Ftenp 
9725  2776 
9725  2777 
9725 2776 
9725  2777 
9724  2776 
9725. 2776 
972s; 2777 
9725 2775 
9725.2774 
9725 2775 
9725 2776 
9725  2775 
9724  2774 
9725  2777 
9725 2774 
9725  2775 
9725  2780 
9725 2 n  
9725  2774 
9725  2778 
9725  2775 
9725  2778 
5725 2774 
972i 2776 
9725  2778 
9725 27E 
9725 2776 
9726  2776 
9732  2775 
9736  2775 
9739 2775 
9743  2778 
9746  2784 
9749 2791 
9752 2795 
9756 2798 
9759 2795 
9762  2755 
9765  2792 
9769  2732 
9771  2797 
9775  2799 
9778  2795 
9781  2794 
9784 2796 
9788 27% 
9790 2795 
9794: 27% 
97982799 
$00 27% 
$04 2797" 
9806 2792 
9810 2792 
$13  2791 
9816  2795 

Fdrmv Ftran 
464 14786 
428 14326 
449 14791 
45 1479% 
462 14811 
428 147W 
447 14847 
43 14825 
446 14856 
49iJ 14815 
4?3 14836 
463 14653 
448 14539 
462 1453 
454 14926 
481 14849 
459 14976 
461 14805 
6 5  14808 
467 14809 
456 14817 
4% 14821 
456 14817 
459 14818 
444 1 m  
465 14842 
472 14860 
4fs 14844 
422 14733 
480 14718 
467 14711 
450 14700 
fE4 14697 
457 14691 
465 14687 
360 14332 
480 14656 
486 14543 
446 14505 
430 14489 
449 14482 
426 14479 
62 1448I1 
439 14484 
412 1 W  
429 14472 
6 3  14474 
428 14470 
40 14471 
6 7  14469 
4 5  14470 
MI 14470 
462 14456 
496 14443 
443 19434 

Pcbar Condf? 
2.86 .45!i9 
2.86 .4569 
2.86 .&74 
2.86 .a33 
2.67 .4569 
2.K .B74 
2.86 .4564 
2.86 .4564 
2.86 .4564 
2.86 .m 
2.86 .a 
2.g .m 
2.67 .4559 
2.06 . e 9  
2.86 .a 
2.86 .m 
2.86 .4564 
2.86 04559 

2.86 .ai9 
2.86 .4559 
2.86 ,4555 
2.86 .ais 
2.86 .@is 
2.E .m 
2.86 ,4550 
2.86 .@is 
2.86 ,459 
3.43 .@is 
4.19 .4569 
4.95 .@ 
5.52 b r n  

6.28 .4766 
6.85 SO75 
7.43 0 5 3 5 9  

8.00 05691 
6.76 .SI6 
9.33 .!a6 
9.90 0 5 8 3 5  

10.47 .5864 
11.23 ,5522 
11.61 .E% 
12.37 .5956 
12.94 06047 
13.51 .6100 
14.08 .6114 
14.M .6138 
15.23 .619 
15.g .m 
16.75 .6341 
17.13 .M 
17.89 .E19 
18.27 .6552 
19.03 .E91 
19.60 .6702 
20.17 . .6774 

b 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.M 
0.00 
0.W 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.0n 
0.M 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O b 0 0  

0.09 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.iKI 
0.00 
O b 0 0  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

DePthtI T e m C  5i-T 
2.86 9.63 12.97 
2.86 9.65 12.99 
2.86 9.63 13.02 
2.86 9.65 12.99 
2.67 9.63 13.00 
2.86 9.53 13.02 
2.86 9.65 12.9 
2.86 9.61 13.00 
2.86 9.59 13.01 
2.86 9.61 13.01 
2.86 9.63 12.97 
2.86 9.61 13.M 
2.67 9.59 12.99 
2.86 9.65 1 2 s  
2.86 9.59 12.99 
2.86 9.61 12.96 
2.86 9.70 12.35 
2.K 9.61 12.98 
2.86 9.59 12.99 
2.86 9.67 12.96 
2.86 9.61 12.97 
2.86 9.67 12.94 
2.g 9.59 12.98 
2.86 9.63 12.96 
2.86 9.67 12.92 
2.86 9.63 12.9 
2.86 9.63 12.94 ' 

3.43 9.63 12.96 
4.19 9.61 13.01 
4.95 9.61 13.18 
5.52 9.61 13.32 
6.28 9.67 13.61 
6.85 9.77 14.53 
7.43 9.90 15.37 
8.00 9.97 16.39 
8.76 10.02 16.73 
9.33 9.97 16.82 
9.90 9.97 16.85 

10.47 9.52 16.9 
11.23 9.92 17.17 
11.61 10.01 17.16 
12.37 10.04 17.20 
12.94 9.97 17.54 
13.51 9.95 17.72 
14.08 9.99 17.74 
14.85 9.9 17.82 
15.23 9.97 17.90 
15.99 9.99 18.20 
16.75 10.04 18.44 
17.13 9.Y 18.74 
17.89 10.01 19.05 
18.27 9.92 19.22 
19.a 9.52 19.34 
19.60 9.90 19.72 
20.17 9.97 19.91 

C m i u c t b  

19.5572 
1 9 . m  
19.619 

. .19.5985 
19.5985 
19.6lQ 
19.5779 
19.5773 
19.5779 
19.5985 
19.5572 
1 9 . m  
19.872 
19.5572 
19.5572 
19.5572 
19.5773 
19.5572 
19.5572 
19.5572 
19.5366 
15.WJ 
19.j366 
19.5366 
19.5159 
19.53% 
19.5159 
19.5365 
19.5985 
19.8257 
20.0115 
21i.61 
21.7667 
22.%1 
24.4099 
24.m 
2 4 . W  
25.0294 
25.1533 
25.4011 
25.4631 
a.5457 25.9380 
26.1652 
26.2271 
26.3304 
26.4130 
26.m 
27.1977 
27.5487 
27.9617 
28.1063 
28.2715 
28.7464 29.0562 

Sal in1 ty 
1 6 . W  
17.0138 
17.0418 
17.M3e 
1 7 . m  
17.0418 
16.943 
17.M12 
17.0195 
17.0307 
16.932 
17.M12 
17.0001 
16.9747 
17.MKI 
16.9916 
16.9690 
16.916 
17.ooCtl 
1 6 . m  
16.5720 
16.943 
16.96% 
16.9636 
16.9272 
16.9333 
1E.9440 
16.9635 
17.cao4 
17.2456 
17.4219 
17.807i 
19.0119 
20.1091 
21.4362 
21.8913 
21.9933 
22.m 
22.1959 
22.422 
22.m 
22.4870 
22.91  16 
23.1434 
23.1805 23.290; 
23.3722 23.7622 
24.u886 
24.4670 
24.8585 
25.0618 
25.2238 
25.7035 
25.873 

Trans 2 
60.700 
58.700 
60.49 
60.100 
59.450 
61 .ooO 
57.650 58.m 
57.m 9.m 
58.200 
57.33 
53.050 
57 .a 
53.7m 
57.59 
51.200 55.750 59.m 
!i!!.W 
9.150 58.w 
59.150 
5.100 
58.350 
57.%1 
57.m 
57.8013 63.350 
64.1oU 64.450 65.oQ! 
65.19 
65.m 
65.650 
E5.m 
67.200 72.850 
74.750 
75,m 
75.m 
pP.Os0 
7E.ooo 75.800 75.900 
76.4Orl 76.300 
76.500 
76.450 
76.550 
76.500 
76.500 77.200 
77.850 78.300 



Figure  3 (Cont. 

CTD CAST PROFILE  INFORHATION. 

a& F p r e s  Fb!!!€? 

57 9823 2793 
58 98262792 
5 9 9 8 2 9 2 7 9 0  
60 98322792 
61 9835 I 2785 
62 9839-2782 
63 9841 2781 
EA 9845:m 
6596482778 
E $5 1  2774 
67 954 2772 
66 $57 2771 
69 $60 2763 
70 $63 2762 
71 9866 2760 
72 9B69 2751 
73 9872 2753 
74 9875 2752 
75 9879 2749 
76 3882 2747 
77 9885 2746 
78 9888 2745 
79 9691  2741 
80 5895 2742 
81 W 7  2743 
82 9901  2741 
83 9904 2741 
84 9907  2737 
65 9 9 1 1  2737 
E6 9913  2738 
87 9917 2741 
E3 9920 2736 

56 mi9 2795 

m 
90 
91 
92 
93 
99 
95 
96 
97 
9 
9!? 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

$23 2738 
9927 273 
953 2735 
9933 2737 
9936 2736 
9939 2736 
9943 2736 
% 2734 
9949 2734 
9551 2734 
9555 2736 
$58 2732 
9$2 2732 
$642732 
$68 2731 
9971 2733 
9974 mo 
9978 2730 
9!m 2729 
$83 2730 
9987 2731 
9990 2730 

Fcord Fdoxv Ftran 
6408 47 14430 

443 14428 a 19430 
61 14437 
448 14444 
4% 14446 
469 14450 
440 14437 
455 14425 
m 1m 
464 14418 
434 14417 
432 14414 
43 14413 
428 14414 
420 14411 
435 14400 
437 14386 
4 9  14376 
417 14365 
454 14361 
430 11.1360 
m 14363 
415 14365 
432 14372 
429 14378 
436 14379 
438 14381 
431 14382 
421 14387 
438 14385 
404 14379 
439 143z 
442 14372 
442 14370 
417 lq'fie 
437 14365 
411  14365 
436 14x6 
443 14361 
425 14359 
438 14361 
429 14363 
440 14361 
w 14355 
442 14353 
4% 14347 as 14344 
439 14343 
461 14341 
433 14341 
449 14339 
438 1 4 3 4  
44 1 4 3 4  
446 14336 

Pcbar C w d R  
20.74 .m 21.50 .&1 22.07 0 6 8 9 4  

22.6 .BB99 23.22 .m 
24.55 .El391 24.93 .7010 25.69 .m4 26.26 .m 26.83 .m 
27.40 .M63 
27.97 .7101 
28.54 .7116 
29.11 .7130 29.68 .7149 30.26 .7164 
3.83 .7178 
31.40 .7183 
32.16 .7183 
2.73 .71@ 33.30 .7193 
33.87 .7153 34.44 .7198 
35.20 ,7202 
35.58 .m7 36.34 .7212 
36.9 2 1 7  
37.48 .7217 38.25 .m 38.63 .m 39.39 .m 39.96 .m 40.53 e7231 
41.29 .72?6 
41.67 .ml 42.43 ,7231 
43.00 0 7 2 3 6  

43.57 07241 44.33 .7241 
44.71 .7241 45.48 .n46 
45.86 .7241 46.62 .7251 
47.19 .7251 
47.95 0 7 2 4 6  48.33 07251 49.09 0 7 2 4 6  49.66 e7251 50.23 0 7 2 5 5  

50.3 .7255 
51.37 -7255 
51.94 .7255 
52.70 ,7255 
53.28 . 072% 

23-79 

b 
0.00 
0.M 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.M 
0.00 
0.013 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O O O U  

0.00 
0.00 
0.00 
0.00 
0.00 

D w t h H  IemC Simal Gwduct. 
20.74 9.97 20.00 29.1801 
21.50 9.93  20.19 29.386E 
22.07 22.65 23.22 23.79 
24.55 
24.92 25.69 26.26 26.83 
27.40 
27.97 
28.54 
29.11 
29.68 30.26 313.83 

9.92 20.34 
9.88 20.38 ' .  

9.92 20.39 
9.79 20.64 
9.74 a.79 
9.72 20.87 
9.61 20.9 
9.67 20.97 
9.59 21.116 
9.56 21.16 
9.54 21.31 
9.40 21.46 
9.38 21.52 
9.34 21.62 
9.18 21.79 
9.22 21.81 

31.40 9.20 21.84 
32.16 9.15 21.88 32.73 9.11 21.9 33.30 9.09 21.95 
33.87 9.08 21.97 34.44 9.00 22.04 35.20 9.02 22.04 
35.58 9.04 22.04 36.34 9.00 22.09 
36.91 9.00 22.10 
37.48 8.93 22.16 38.2s 8.93 22.19 38.63 8.95 22.18 39.39 9.00 22.14 39.96 8.95 22.18 40.53 8.95 22.19 
41.29 8.90 22.22 
41.67 8.90 22.23 
42.43 8.93 22.21 
40.00 8.91 22.24 
43.57 8.91 22.25 
444.33 8.91 22.2s 
44.71 8.88 22.28 
45.6 8.88 22.30 
45.K 8.88 22.28 
46.62 8.91 22.29 
47.19 8.84 22.34 
47.95 8.84 22.32 48.33 8.84 22.34 49.09 8.82 22.34 
49.E 8.86 22.33 

29.5724 29.5931 29.6394 29.8409 29.9854 30.0680 
30.1300 
30.1506 
30.1919 
30,m 
30.4604 
30.5223 
30.m 
3o.m 30.7286 30.7908 
30.8114 
3.8l14 
3.B321 
30.8527 
30.8527 
30.8734 
3.8940 
30.9147 
3.m 
30.9560 30.9560 
3.9973 30.9973 
30.9973 
30.9973 
3.0179 
3.9973 

31.0179 
31 .m 
31 .W 
3.0592 
31 ,W 
3 .om 
31.0592 
3 .loo; 
31 .loo5 
3 .om 
31 .loo5 
31 .om 
31.1005 

31 .an 

50.23 8.91 22.38 3l.1212 
50.9 8.81 22.38 31.1212 
51.37 8.79 21.40 3.1212 
51.94 8.81 22.38 31.1212 
52.70 8.s2 s.37 3.1212 
9.29 8.81 22.38 3.1212 

Salinity Tram X 
26.0791  78.500 
26.3085 78.600 
26.5049 78.500 
26.5514  78.150 
26.5658 77." 
26.8629 77.700 27.0465 77.500 
27.1421  78.150 27.2848 78.750 
27.2645 79.000 
27.EB 79.100 
27.M 79.150 
27.6695  79.300 
27.8423 79.350 
27.9184 79.300 
28.0295 79.450 
28.2187 8o.OOO 
28.2530 80.700 28.2879 81.200 
28.3301 81.M 
3.3753 81.950 
28.4144 82.000 

81.850 

28.51B 81.400 
28.5194 81 .loo 
28.5689 81.050 
28.5897 M.91 
28.6471 8o.W 
28.m m.m 
Z.6744 80.750 
28.m 81.050 
28.6739 81.250 
28.6943 81.4013 
28.7167 81.500 
28.7377 81.600 
28.7094 81.750 
26.7438 81.750 
28.7647 81.700 28.7641 81.950 
28.7932 82.050 
28.8141 81 .950 28.m 81.850 
28.W 81.550 28.8636 82.250 
28.8421 82.350 
28.8632 82.650 
28.8562 82.800 
28.8481 82.850 
28.9127 82.950 
28.9124 82.950 
28.3268 83.050 
28.9120 83.OOO 
28.9115  83.100 

28.m m.m 

2s.a~ a.000 



Figure 4 Example o f  a  Transmissometer  Plot  and  Water  Sample  Locations 



1 Figure 5 Example o f  an  Expanded  Transmissometer  Plot 
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Figure 6 Table Showing Station Information and Numerical Data Printout by Depth 

EF'S MARINE CTD  OCEANOGRAPHY 

Survey  Area : ALICE A R M  
Station : Q 20 

Latitude : 55 26.7 
Longitude : 129 31.8 

Date : 83/10/06 

Time (start cast) : 1033 PDT 
Time (stop cast) : . l o 4 1  PDT 

Depth  Reading in A i r  : 1.30 meter: 
Bottom  Depth (sounder) : 263.00 meter: 

Depths  adjusted f o r  Alr Reading  Correction. 

Depth ( m )  Temp (C) 

1.6  9.63 
2 .0  9.63 
3 .0  9.61 
4.0  9.61 
5.0 9.67 

1 0 . 0  9.95 
15 .0  9.99 
20 .0  9.91 
25.0 9.60 
30.0 9.21 
35.0 9.00 
4 0 . 0  8 .93 
45.0 8.87 
50 6 0- 5.82 
6 0 . 0  8.74 
7 0 . 0  8.64 
8 0 . 0  8.58 
90.0 8.34 

1 0 0 . 0  7.98 
1 1 0 . 0  7.59 
120.0 7.21 
130.0  7.03 
140.0  6.91 
150.0  6.81 
160,O  6.73 
1 7 0 . 0  6.65 
180.0 6.63 
190.0  6.60 
200.0  6.58 
210 .0  6.55 
220.0  6.54 
230.0  6.51 
240 , 0 6.50 
248,6  6.48 

- Sisma-T 
12.97 
12.98 
13.01 
13.25 
13.61 
16.70 
18.39 
2 0 . 1 0  
21.08 
21.79 
22.09 
22.21 
22.30 
22.37 
22 47 
22.57 
22.63 
22.73 
23.05 
23.40 
23.76 
23.90 
24.02 
24.09 
24.13 
24.18 
24.19 
24.20 
24,21 
24.23 
24 , 25 
24.27 
24.27 
24.29 

Conductivity 

19.5572 
19.5641 
19.5985 
19,9186 
20.4451 
24,5126 
27.0764 
29.2535 
30.2255 
30.7598 
30.9307 
31.0179 
31.0799 
31.1134 
31.1671 
31.1965 
31.2195 
31.1934 
31 .1498 
31.2083 
31.261 1 
31.2680 
31.2898 
31.2864 
31.2548 
31.2364 
31.2288 
31.221 1 
31.21 72 
31.2213 
31.2264 
31.2313 
31.2316 
31 .?386 

Salinity 

16.9832 
1 6.9894 
17 .0304 
17.3338 
17.8076 
21.8373 
24.0089 
26.1952 
27.3875 
28.2289 
28.5707 
28.7089 
28.8174 
28.8972 
29.0145 
2s. 1152 
29,1897 
29.3516 
29.6096 
29.9964 
30.3804 
30.5376 
30.6689 
30.7464 
30 .7783 
30.8306 
30 8339 
30.8491 
30.8601 
30.8810 
30.8959 
30.9213 
30.9263 
30.9446 

Transmission % 

6 0 . 7 0 0  
58.046 
C3.35@ 
64,275 
65.000 
7 1 .350 
76.387 
78.067 
78.787 
80.794 
81.156 
81 .500  
82.125 
82.962 
82.516 
82,776 
83.012 
82.119 
78.097 
79.706 
81.878 
82.931 
83.178 
82.879 
83.139 
83.076 
83.153 
83.184 
82.570 
82.672 
82.057 
82.148 
79.862 
81.231 
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F i g u r e  7 Example o f  a S ing le   Pa ramete r   P lo t   P repared   f o r   F ina l   Repor t i ng  

- ~~ ~~ ~~~ 

Survey Area : ALICE ARM Date : 83/18/86 
Station : Q 20 T i  me : 1033 PDT 

Transm! t t a n c e  ( % I  
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1 Figure 8 Example o f  a Multiparameter Plot Prepared for  Final  Reporting 

m 

Survey Area : flLICE ARM 
S t a t i o n  : 0 20  

Date : 83/18/86 
Time : 1033 PDT 

Temperature (d0g.C) II 
0 5 10 15 20 . I I I 1 I I I I 

Transmittance ( % I  8 

50 - 

l e e  - 

150 - 

200 - 

250 1 

0 .  0 20 4 0  60 80 
I 

Temperature Transmi t t a n c  
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388 8 
I I I I I I I 

10 20 30 I 

Sal  fnfty  (ppt) 8 

I 1 I I I I 'e 10 20 30 4b 
Sigma-T  (gm/cu.cm-1)*10008 
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