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ABSTRACT 

Shortly after  startup (April 1981) of the Amax/Kitsault mine 
located i n  Alice Arm, British Columbia, a midwater turbidity plume appeared 
as a result of t a i l  ings  discharge. During July and  October 1982, a series 
o f  CTD-Transmissometer profiles and  water samples for  gravimetric and 
particulate  trace metal analysis were obtained from A1 ice Arm as part of an 
ongoing study by EPS t o  monitor the  distribution of the tailings  effluent. 
The tail ings plume persisted through 1982, a l t h o u g h  some response t o  
o u t f a l l  modifications, designed t o  control  the  saltwater d i l u t i o n  ratio,  
was evi dent. 

Typical turbidity  profiles  outside  the t a i l i n g s  plume consisted 
of h i g h  natural  surface  turbidity (low percent  transmittance) f o l l  owed by a 
sharp decline i n  turbidity t o  a dep th  of 30 metres. Below this  depth, 
transmittance maintained level s i n  excess of 80% t o  the bottom. W i t h i n  the 
tail ings plume two distinct  turbidity peaks ( <  60% transmittance) were 
evident: The f i r s t  peak ocurred a t  a depth between 80 and 120 metres and 
the second near the bottom w i t h  relatively h i g h  (approximately 80%) trans- 
mittance observed i n  between. 

Generally,  these two turbidity peaks were related t o  the tail ings 
discharge. Higher t u r b i d i t y  or 1 ow percent  transmittance  levels were 
detected on the north shore o f  Alice Arm. The t i d a l  cycle d i d  not  substan- 
t i a l  l y  a f fec t  the general p a t t e r n  of the transmittance profiles and it was 
shown t h a t  the midwater turbidity plume quickly  reacts t o  the amount of 
tai l ings discharge from the mine. 

showed higher  concentrations near the o u t f a l l  ' a1 ong w i t h  higher t u r b i d i t y  
1 eve1 s. 

Particulate  trace metal and gravimetric  analysis on water samples 



oeu  de  temps aprgs 1 a mise en exploitation (avri l  1981) de 1 a 
mine  Amax/Kitsaul t situ6e ii A 1  ice Arm (Colombie-Britannique), on a constat6 
l a  formation, entre deux eaux, d ' u n  panache  de t u r b i d i t 6  r6sul t a n t  du 
d6versement  de r6sidus. E n  j u i l l e t   e t  octobre 1982,dans l e  cadre  d'une 
etude effectu6e par l e  Service de l a  protection de 1 'environnement sur l a  
rgpartition des effluents  constitu6s de rgsidus, on a mesur6 dans l e  bras 
A 1  ice  les paramiitres CTD (conductivi t6 ,  tempgrature,  profondeur) et   trans- 
missomiitre, e t  pr6levP des 6chantillons  d'eau en  vue d'une  analyse gravi -  
m6trique e t  de particules de metaux ii 1 ' E t a t  de traces. Le panache 
provoqu6 par les  r6sidus a subsist6 pendant toute 1 'ann6e 1982, bien que 
1 es  modifications apport6es au d6versement  dans 1 e b u t  de contr61 er 1 e taux 
de d i l u t i o n  de 1 'eau  salEe aient donne des r6sultats prometteurs. 

E n  dehors du panache de r6sidus 1 es niveaux de t u r b i d i  t 6  typiques 
consistaient en u n  taux 61 eve de t u r b i d i t e  naturelle ii l a  surface (faible  
pourcentage de transmittance) e t  d'une  chute brutale de l a  t u r b i d i t 6  
jusqu'ii me profondeur de 30 mEtres. 4u-del2 de cet te  profondeur e t  
jusqu'au fond, le  coefficient de transmission atteignait  des  niveaux super- 
ieurs ii 80%. A 1 ' i nt6rieur du panache des resi dus on a re1  eve  deux t a u x  de 
t u r b i d i t 6  extr6mes distincts (<  60% coefficient de transmission),  le 
premier 2 une profondeur si tu6e entre 80 e t  120 mstres e t  1 e second prcs du 
fond. Entre les deux niveaux on a observe u n  coefficient de transmission 
re1 ativement 61 evE (environ 80%). 

rk idus .  On a re1  ev6  une t u r b i d i  t 6  6lev6e ou u n  f a i  ble  coefficient de 
transmission l e  long de l a  rive nord du bras  Alice. Le cycle des  mar6es 
n 'affectai t  pas de faqon notable les  rgsultats d'ensemble du coefficient de 
transmission e t  on a constat6 que l e  niveau de turbidite du panache situ6 
entre deux  eaux var ia i  t rapidement sel on 1 a q u a n t i  t 6  des r6sidus d6vers6s 
par l a  mine. 

l'analyse gravim6trique des tkhantillons d'eau on t  rev616  de plus hautes 
concentrations ii proximit6 du p o i n t  de dgversement ainsi que  des taux plus 
61 eves de turbi d i  t6 .  

En g6n6ra1, les  deux taux extr6mes rkul  taient du d6versement  des 

La detection des particules de m6taux ii l ' 6 t a t  de traces  et  
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SUMMARY 

1. 

2. 

3 .  

4 .  

5. 

6. 

Dur ing   the  m i  ne operat ion i n   J u l y  and  October, 1982  a midwater t a i l   i n g s  

plume p e r s i s t e d   a t  a depth  between 80 and  120  metres. The upper  sur- 

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

t h e   s t a r t u p   p e r i o d   i n d i c a t i n g  a poss ib le   reponse  to  changes i n  seawater 

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

The l a t e r a l   e x t e n t  o f  t h e   t a i l i n g s  plume was var iab le   bu t   genera l  l y  

extended  seaward  f rom  the  out fa l l   to   approx imate ly  4.0 km. St rongest  

ev idence  o f   the   midwater   ta i l ings  plume occurred  a long  the  nor th   shore 
o f  A1 i c e  Arm. 

N e i t h e r   t h e   l a t e r a l   o r   v e r t i c a l   e x t e n t   o f   t h e  plume  appeared t o  be 

apprec iab ly   a f fec ted   by  season o r   t i d a l   s t a t e .  

The s p a t i a l   d i s t r i b u t i o n   o f   t h e   m i d w a t e r   t a i l i n g s  plume i s  governed  by 

two  factors:   water  depth (i .e. greater   than 80 metres)  and  distance 

f r o m   t h e   o u t f a l l .  

The t a i l i n g s  p lume  responds  qu ick ly   to   the   opera t ing   s ta tus   o f   the  
mine, d i s s i p a t i n g   s h o r t l y   a f t e r  shutdown  and  re-appearing  within 48 

h o u r s   a f t e r   s t a r t u p .  

E leva ted   par t i cu la te   t race   meta l   concent ra t ions   w i th in   the   midwater  

plume  and i t s   r a p i d  disappearance  fol lowing  mine  shutdown  indicated 

t h a t   t h e  plume i s  1 a r g e l y   r e 1   a t e d   t o   t h e   t a i l i n g s   d i s c h a r g e .  Maximum 

r e s i d u e   c o n c e n t r a t i o n s   w i t h i n   t h e  plume  ranged  from 104 t o  128  mg/l i n  
October  and  July 1982, r e s p e c t i v e l y .  
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7 .  The exact  proportion of the d a i l y  effluent  discharge  responsible for  
the midwater t a i l  ings plume  and i t s  environmental significance remains 
t o  be established. However, the midwater t a i l i n g s  plume has affected 
water column v i s i b i l i t y  w i t h  possible  biological  implications. More 
i m p o r t a n t l y ,  the presence o f  suspended tailings  particles  indicate 
dispersion and subsequent b u i l d - u p  of t a i l i n g s  deposits on the bottom 
a t  depths a t  which i t  occurs. 
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1 .o INTRODUCTION 

A1 i c e  A r m  i s  a small (16 km),  narrow  (1.4 km) and r e l a t i v e l y  deep 

(385 m) f j o r d   l o c a t e d   i n   n o r t h w e s t   B r i t i s h  Columbia,  approximately  144 km 

n o r t h   o f   t h e   c i t y   o f   P r i n c e   R u p e r t   ( F i g u r e   1 ) .   S i t u a t e d   n e a r   t h e  head o f  

A l i c e  Arm i s  Amax o f  Canada L i m i t e d ,   K i t s a u l t  Mine  (Figure  2)  which began 

product ion on A p r i l  6, 1981. This  open p i t  molybdenum  mine was p r e v i o u s l y  

operated by B.C. Molybdenum L i m i t e d  between  October 1967 and A p r i l  1972. 

The mill capac i ty   o f   the  new operat ion  increased  to   approx imate ly  12,000 

tonnes  per  day,  double  that  of  the  previous  operation. The K i t s a u l t  mine 
cont inued  operat ion  unt i l   October  1982, then  shut down due to   poor   marke t  

demands f o r  molybdenum. 

The t a i l i n g s   e f f l u e n t   f r o m   t h e   K i t s a u l t  mine was discharged 

d i r e c t l y   i n t o   A l i c e  A r m  through a  submerged p ipe l i ne   wh ich   ex tends   t o  a 

dep th   o f  50 meters. The ou t fa l l   t e rm inus   i s   l oca ted   immed ia te l y  o f f  the 

southeastern  shore  o f  A1 i c e  A r m  between  Lime  Creek  and Roundy Creek (F igu re  

2 )  w 

The t a i l i n g s   d i s c h a r g e ,   o r  more s p e c i f i c a l l y   t h e  mill process 

e f f l u e n t ,   i s  governed  by  special  federal  regulat ions. The A l i c e  A r m  

T a i l  ings  Deposi t   Regulat ions (AATDR) , promul  gated i n   A p r i l  1978, a u t h o r i z e  

t h e   d e p o s i t   o f   t a i l i n g s   i n t o   A l i c e  A r m  from t h e   K i t s a u l t  mine.  These 

regu l   a t i ons   i nc lude  a requ i remen t   t ha t   t he   t a i l   i ngs   rema in   be l  ow 100  metres 
i n  A1 i c e  A r m  except i n  t h e   v i c i n i t y  o f  t h e   o u t f a l l  where the  depth 

requirement i s  50 metres. I n   a d d i t i o n ,   t a i l i n g s   a r e   t o   r e m a i n   w i t h i n   A l i c e  

A r m ,  eas t   o f   t he   no r th -sou th   l i ne   a t   120"39 '45 "   wh ich   runs   t h rough  Hans 

Po in t   nea r   t he   en t rance   t o   A l i ce  A r m  (F igu re  2 ) .  
A number o f   i n v e s t i g a t i o n s  have  been c a r r i e d   o u t  by the 

E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e   s i n c e   s t a r t u p   o f   t h e   K i t s a u l t  Mine.  These 

inc luded a se r ies   o f  CTD (Conductivi ty-Temperature-Depth) - t ransmi t tance 

p r o f i l e s   t o   d e l i n e a t e  and mon i to r   t he   ho r i zon ta l  and v e r t i c a l   d i s t r i b u t i o n  

o f  t h e   t a i l i n g s  plume i n   A l i c e  Arm. 
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L O C A T I O N  M A P  

FIGURE I LOCATION MAP OF ALICE A R M  AND HASTINGS A R M  



- 3 -  



- 4 -  

Contrary t o  o r ig ina l  expectations (Western Can. Hydraulic L td . ,  

19781, a midwater ta i l ings plume developed near the head of Alice Arm 
shortly  after  startup i n  1981.  Near the o u t f a l l ,  the upper surface of th i s  
t u r b i d i t y  plume  was present a t  a depth of approximately 55 metres. I n  
March 1982 a variable  orifice was installed i n  the seawater  intake t o  allow 
for a reduction i n  the d i l u t i o n  rate of the  effluent w i t h  the hope of 
increasing  density  thus lowering the depth of the midwater ta i l ings plume. 

The ta i l ings discharge from the  Kitsaul t mine and resultant 
t u r b i d i t y  plume has  been the  centre of considerable  controversy  resul t i  n g  
i n  a number of investigations by various government agencies, Amax of 
Canada L t d .  and a sc ient i f ic  review panel ( B u r l i n g  " e t  a l ,  1981 and 1983). 
The fo l lowing  report  presents  results  obtained from transmissometer and 
water  chemistry studies undertaken by the Environmental Protection  Service 
i n  July and October, 1982. The primary purpose of these  studies was t o  
describe  the  distribution and behaviour of the m i  dwater t a i l  i ngs  plume i n  
Alice Arm. The da ta  can  be used for  future  evaluation of the environmental 
significance of the  tailings plume and i t s  reponse t o  any future o u t f a l l  
modifications designed t o  1 ower the depth of the p l  ume. 

S imi l a r  studies were conducted by EPS i n  Ju ly  and October, 1983 
while the K i  tsaul t mine  was shut down t o  determine the re1 a t i  ve 
contribution of natural s i l t  material t o  the midwater t u r b i d i t y  plume, a 
question  raised by Burl i n g  " e t  a1 (1983). These results will be the  subject 
of a future  report ( i n  preparation). 

A d d i t i o n a l  sources of information pertinent t o  these d a t a  are 
reviews by Burl i n g  " e t  a1 (1981 and 19831,  Hinder and  Goyette (19821, 
baseline  studies; MacDonald " e t  a1 (1984a and b )  sediment t rap studies; 
Rambold and Stucchi  (1983) and Krauel (19811, oceanographic studies and 
Amax of Canada Limited, Annual Monitoring Reports (1982-1984). 
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2 .o MATERIALS AND METHODS 

2.1 F i e l d  Measurements 

CTD-Transmittance p r o f i l e s  were obta ined i n   A l i c e  A r m  onboard  the 

survey  vessels  Pandora I 1  i n   J u l y  1982  and t h e  C.S.S. Vector i n  October 

1982. A d d i t i o n a l   p r o f i l e s  were  conducted  from  the  submersible,  Pisces I V ,  

i n   c o n j u n c t i o n   w i t h   t h e   J u l y  1982 survey. The  sampl i n g   s t a t i o n s  were 

designated i n  accordance w i t h   t h e  sampl i n g   g r i d  shown i n   F i  gur 

t r a n s e c t s   l a b e l l e d  A-A,  B-B etc.   represent   the  sampl ing  s i tes 

o f  Canada L td .   f o r   t he   P rov inc ia l   Pe rm i t   mon i to r i ng  program. 

used t o  ill u s t r a t e   t y p i c a l   t u r b i d i t y   p r o f i l e s   i n s i d e  and o u t s i  

i ngs  plume, c r o s s   i n l e t  and temporal changes  as w e l l  as water 

data  are shown i n  F igures 3b t o  3e. 

e  3a. The 

used  by Amax 

The s t a t i o n s  

de t h e   t a i l -  

chemi s t  ry 

A Plessey CTD u n i t  (9400 se r ies )   a long   w i th  a  Sea-Tech Inc .  

transmissometer was used f o r   t h e   w a t e r  column p r o f i l i n g .  The  CTD-trans- 

missometer u n i t  was coupled  wi th  a P1 essey 8500 deckuni t, f o r  a d i g i t a l  

readout   o f   data,  a Nikko Model NO-790 s te reo   casset te   tape  recorder   fo r  

reco rd ing  and  playback  of  data, a Hewlett  Packard  computer (HP model-9826) 

and p r i n t e r  (model  2671-GI fo r   da ta   p rocess ing ,   g raph ic   d isp lay  and 

storage. Upon re tu rn   f rom  the   f i e ld   t he   numer i ca l   da ta  was summarized 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   t a b l e s  and s i n g l e   o r  mu1 ti parameter  plots  were 

ob ta ined  a f te r   ad jus t ing   the   a i r   to   sur face   depth   read ings   to   account   fo r  
any var ia t ions   de tec ted   in   the   depth   sensor .  

T h i s   p r o f i l i n g  system i s   o u t l i n e d   i n   F i g u r e  4 and f o r  a  more 

d e t a i l e d   d e s c r i p t i o n   r e f e r  to Goyette  and MacLeod (1984). 

The CTD-Transmissometer  probe was a t t a c h e d   t o   t h e   o u t s i d e   o f   t h e  

Submersible,  Pisces IV, d u r i n g   t h e   J u l y  1982 survey t o  examine the   re1  a- 

t i o n s h i p  between l i g h t   t r a n s m i t t a n c e  and v i s u a l   w a t e r   c l a r i t y .   P e r c e n t  

t ransmi t tance  was r e a d   d i r e c t l y   f r o m   t h e   d i g i t a l   d i s p l a y   u n i t   i n s i d e   t h e  

submersible  and a t   t h e  same t i m e ,   v i  sua1 observations  were  recorded. A 

desc r ip t i on   o f   t he   obse rva t i ons   ob ta ined   f rom  these   d i ves  has  been repo r ted  

by DeMil 1 (1983). 
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W i t h i n   t h e   t a i l i n g s   t u r b i d i t y   f i e l d ,  35 mm photographs o f  a 

" ta rge t   board" ,   a t tached  to   the   submers ib le 's  mani pu l   a to r  arm p o s i t i o n e d  

approximately 4 metres  from  the  viewport,  were taken  over a range o f   t u r b i -  
d i t y   l e v e l s  and  percent   t ransmi t tance  (27%  to  90%) g i v i n g  a q u a l i t a t i v e  

compari son. 
The r e l a t i o n s h i p  between  percent  transmittance and t u r b i d i t y   i s  

i n v e r s e l y   p r o p o r t i o n a l  , such t h a t  1 ow t ransmi t tance 1 eve1 s i n d i c a t e   h i g t i  

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

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

Water  samples taken i n   J u l y  and  October,  1982  were  obtained by 

mounting a 5 l i t r e  N isken  water   bo t t le  on the  CTD-transmissometer  probe. 

Conduct iv i ty ,   temperature,   depth and percent   t ransmi t tance were recorded by 

the  computer a t   t h e   i n s t a n t  a messenger sent down the   cab le   t r i pped   t he  

wa te r   bo t t l e .  

The water samples  were f r o z e n   i n  2 l i t r e   a c i d  washed p l a s t i c  

b o t t l e s  and r e t u r n e d   t o   t h e  West Vancouver  Laboratory f o r   g r a v i m e t r i c  and 

par t i cu la te   t race   meta l   ana lyses .  The former  analys is  was broken down i n t o  

non - f i l   t e rab le   res idue ,  - NFR ( t o t a l  suspended p a r t i c u l a t e ) ,   f i x e d   r e s i d u e  

( i n o r g a n i c   f r a c t i o n )  and n o n - f i l   t e r a h l e   v o l a t i l e   r e s i d u e ,  - NFVR (organic  

f r a c t i o n ) .  

2.2 Laboratory  Analysis 

2.2.1 A n a l y s i s   o f  Water  Samples.  The procedure  adopted  for   grav i -  
m e t r i c  and trace  metal   analyses on seawater  samples was a mod i f i ed   ve rs ion  

o f   tha t   descr ibed  by   Swing le  and  Davidson  (1979). A summary o f   t h i s   p r o c e -  

dure  fo l lows:  samples  were  thawed;  volumes  were  measured  and then 

f i l t e r e d   t h r o u g h   N u c l e o p o r e   f i l t e r s  (0.4 microns) .   Res idue  (par t i cu la tes  

grea ter   than 0.4 microns) was f reeze -d r ied  and  weighed to   de te rm ine   t he   d ry  
weight (NFR). - The sample was t h e n   o x i d i z e d   i n  a low  temperature  asher t o  

determine  the  orqanic   f ract ion (NFVR) - and t h e   i n o r g a n i c   f r a c t i o n   ( F i x e d  

Residue).   Values  for   these  three  determinat ions  were  expressed i n  mg/l. 



To determine  the  trace 
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mixture of 3 parts concentrated  hydrochloric acid t o  1 par t  concentrated 
ni t r ic  ac id)  and then  analyzed  using a Jarrell  Ash, Inductively Coupled 
Argon Plasma Optical Emission Spectrometer (ICAP).  In  instances where 
sample concentrations fo r  Pb and Cd were below the  detection limits o f  the 
ICAP, a FLA 100 graphite  tube  furnace and a Jarrel l  Ash 850 Atomic 
Absorption Spectrophotometer ( A . A . S . )  were  used t o  determine the lower 
1 imi ts. Tests on blank Nucleopore f i l t e r s  showed t h a t  no residue remained 
fol lowing low temperature ashing and w i t h  the  possible  exception of 
chromium, the f i l t e r s  d i d  not  contribute t o  the  trace metal concentrations 
detected.  Standard Reference  Material - 1643A (National Bureau o f  
Standards) was analyzed  during a l l  gravimetric and trace metal analytical 
procedures. 
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3 .O RESULTS A N D  DISCUSSION 

Transmittance profiles obtained from the Ju ly  and October, 1982 
surveys are  presented i n  Appendices I and I I , respectively. These profiles 
are arranged i n  order from stations  located a t  the head of A1 ice Arm (near 
the mil 1 o u t f a l l  ) t o  those near the mouth  of the in1  e t .  Numerical CTD- 
Transmittance da ta  obtained from these surveys are provided i n  Appendices 
I I I and  IV. Graphical i l l  ustration of the t i d a l  cycles d u r i n g  the sampl i n g  
periods and t a i l  i ngs discharge rates  (tonnes/day) for 1982 are shown i n  
Appendices V and VI, respectively. Visual observations i n  relation t o  
percent  transmittance  are i l lustrated i n  Plate 1. 

3.1 J u l y  1982 

3.1.1 Turbi  d i  t y  . 
3.1.1.1 Typical transmittance  profiles  (Stations Q-20 and T-64). 
Typical transmittance  profiles observed outside and inside  the  area of the 
tail ings t u r b i d i t y  plume  can best be i l lustrated using Stations T-64 and 
4-20 , respectively  (Figures 5 and  6 ) .  

S t a t i o n  T-64 (Figure 5) , w h i c h  is   similar t o  most stations out-  
side  the plume, shows a strong  turbidity 1 ayer  (approximately 40% trans- 
mittance) i n  the  surface  waters (0-10 metres). T h i s  i s  l a rge ly  due t o  the 
s i l t  from the Nass River which can exert a strong  influence on turbidity 
1 eve1 s throughout  the  area. Other sources o f  turbidity  are  the  Kitsaul t 
River a t  the head of  Alice Arm, Hans  Creek on the south  shore of Alice Arm 
near the mouth and the Kshwan River a t  the head of Hastings Arm (Figure 1 ) .  
These rivers  drain from extensive  icefields. 

Between 20 and 30 metres a t  S t a t ion  T-64, transmittance  levels 
increased  sharply i n d i c a t i n g  a r a p i d  decline i n  turbidity. Below 30 metres 
transmittance  levels remained around 80% w i t h  very l i t t l e  var ia t ion .  This 
c o n d i t i o n  persisted t o  the sea bed w i t h  no evidence of a bottom t u r b i d i t y  
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layer or nephloid layer. S t a t i o n  T-64 was typical of most stations sampled 
outside of Alice Arm as well as w i t h i n  Hastings Arm and  Observatory Inlet .  

Submersible observations made a t  the time these  profiles were 
taken indicated t h a t  once outside  the  tailings plume and below the  surface 
t u r b i d i t y  1 ayer,  visibil i t y  was excel 1 ent and extended as  far  as  the 
submersible's  lights  penetrated (20-30 metres)  (Goyette, 1982, personal 
observations). This condition  persisted r i g h t  t o  the bottom. 

W i t h i n  the  tailings plume (eg .   S ta t ion  4-20, Figure 6 ) ,  transmit- 
tance  profiles showed a surface t u r b i d i t y  layer (0-10 metres) followed by a 
r a p i d  decline i n  t u r b i d i t y  between 20 and 30 metres,  similar t o  t h a t  
observed of the  outside  stations. Beyond 30 metres,  transmittance  levels 
increased t o  greater than 80%. This persisted t o  a depth of approximately 
80 metres, a t  w h i c h  p o i n t  the upper surface of the midwater ta i l ings plume 
was encountered. The upper surface of the  tailings plume appeared t o  be 
somewhat lower t h a n  t h a t  observed d u r i n g  the  early  stages of s t a r t  u p  and 
before o u t f a l l  modifications were made t o  the  seawater d i l u t i o n  rates. The 
depth d u r i n g  those time periods ranged between 55 and 60 metres (EPS 1982). 
I n  the deeper areas o f  A 1  ice Arm (i .e.  greater than 200 metres), 
transmittance  profiles w i t h i n  the  tailings plume area  (e.g. Q-20, Figure 
6 )  generally showed two dis t inct  t u r b i d i t y  peaks. The f i r s t  occurred 
between 90 and 120 metres and the second near the bottom, w i t h  relatively 
h i g h  transmittance  levels of approximately 80% i n  between. 

Cursory examination of the CTD da t a  failed t o  reveal any definite 
reason for  the midwater plume based on either temperature, salinity or 
sigma-T (water  density), none of which  showed any obvious changes i n  th is  
region of the water col umn (Appendices I b and I I I ) . 

There are two features t h a t  often occur i n  the  transmittance 
profiles which require  explanation. One i s  a sharp  "spike" which i s  
present a t  a depth of 12  metres (Figures 5 and 6 ) .  From observations made 
d u r i n g  the  Pisces IV dives w i t h  the CTD-Transmissometer  probe  mounted 
outside  the  sub,  the  "spike"  occurred i n  clear water immediately bel ow the 
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surface t u r b i d i t y  layer  (Goyette, 1982, personal observations). This i s  
apparently due t o  the  rapid change i n  water density a t  the pycnocline 
thereby affecting  the  optical  properties of the  water. This causes a 
response by the  instrument and should n o t  be interpreted as a t u r b i d i t y  
peak. 

The other  feature i s  a substantial  decrease i n  t u r b i d i t y  
frequently occurred w i t h i n  a few metres from the bottom. This was 
evident i n  the immediate area of the t a i  1 ings o u t f a l l  ( S t a t i o n  M-9 

which 
even 

1 which  
should be under the direct  influence of the tailings  effluent. This was 
confirmed by submersible observations where v i  sibi 1 i t y  went from near zero 
t o  several metres just  before  contacting  the bottom (Goyette, 1982, 
personal observations) . 

Combining submersible observations w i t h  transmissometer profiles 
provided a unique oppor tuni ty  t o  re1 ate v i  sua1 observations w i t h  i nstrumen- 
t a l  readings.  Results are shown i n  Plate 1. The lines of the  target board 
began t o  lose  clarity a t  approximately 60% transmittance and became indis- 
t inc t  around 49%. A t  30% transmittance,  the  target board was not visible. 
During the  course of the transmissometer surveys, i t  was apparent t h a t  the 
f i r s t  ind ica t ion  of the midwater tail ings plume occurred a t  approximately 
60% transmittance. 

3.1.1.2 Cross i n l  e t  comparisons. Figures 7a t o  7d  show a series o f  
cross  inlet  transects taken i n  July 1982. These transects extended from 
the o u t f a l l  and seaward t o  1.0, 2.5 and  4.5 km. 

Generally, evidence of a midwater t a i  1 ings plume occurred a t  a l l  
cross  inlet  stations w i t h  the  exception of the two outer most stations 
a long  the  centre channel (0-32) a n d  south shore (R-32), approximately 
4.5 km west of the o u t f a l l  (Figure 7-d) .  The midwater plume  was only 
sl i gh t ly  evident on the north s i  de of this  transect (L-32). 

I n  the v i c i n i t y  of the o u t f a l l  (Stations N-8, M-9 and L- lo) ,  the 
upper surface of the t u r b i d i t y  plume  was detected a t  approximately 60 
metres and increased i n  intensity w i t h  increasing depth (Figure 7 a ) .  
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0 - 3 2  AND R - 3 2 ,  July 1982 
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H i g h e s t   t u r b i d i t y   l e v e l s  were  detected on the  north  shore  of  A1 i c e  A r m  a t  

S t a t i o n  L-10 (F igure  7a) .   Th is   appeared  to  be  a common f e a t u r e   f o r   a l l   t h e  

nor th   shore   s ta t ions  a n d   p r o b a b l y   t h e   r e s u l t   o f   t h e   d e f l e c t i o n   o f   t h e   t a i l -  

i n g s   e f f l u e n t   o f f   t h e   n o r t h   s l o p e   o f   t h e  arm. 

3.1.1.3 4-20 t i m e   s e r i e s   p r o f i l e s .  Between J u l y  8 and J u l y  12, 1982, 

dur ing   opera t ion   o f   the   Amax/K i tsau l t  mine, seve ra l   t r ansmi t tance   p ro f i l es  

were o b t a i n e d   a t   S t a t i o n  4-20 a t   v a r i o u s   s t a g e s   o f   t h e   t i d e   t o  examine t h e  
s t a b i l i t y  o f  t h e   m i d w a t e r   t u r b i d i t y  plume  over  t ime  (Figure  8) .  The data 

suggests   tha t   the   t ida l   s ta te   (Append ix  V )  does n o t   s u b s t a n t i a l l y   a f f e c t  

t he   genera l   pa t te rn   o f   t ransmi t tance   p ro f i l es .   The re fo re ,   t he   t u rb id i t y  

plume i n  general i s   r e l a t i v e l y   s t a b l e   w i t h i n   t h e   w a t e r  column  over a 

reasonable  per iod of t ime  and  no t   a f fec ted   to  any grea t   ex ten t   by   the  
t i d e .  

3.1.1.4 N-8 t i m e   s e r i e s   p r o f i l e s  - mill shutdown. The mine was shut- 

down a t  approximately 2400 hours on J u l y   8 t h   t o  2400 hours on J u l y  10th. 
This   a l lowed  an   oppor tun i ty   to   observe   the   behav iour   o f   the   tu rb id i ty  plume 

before,   dur ing and a f t e r  mill shutdown. A s e r i e s   o f   t r a n s m i t t a n c e   p r o f i l e s  

w e r e   o b t a i n e d   d u r i n g   t h i s   t i m e   p e r i o d   a t   S t a t i o n  N-8 w h i c h   a r e   i l l u s t r a t e d  

i n  F igures 9a t o  9h. 
P r i o r   t o  shutdown ( J u l y   8 t h ) ,   e l e v a t e d   t u r b i d i t y   ( l e s s   t h a n  35% 

t ransmi t tance)  was d e t e c t e d   a t  a depth  o f   approx imate ly  90 metres  (Figures 

9a and  9b).   Fol lowing mil 1 shutdown ( J u l y   9 t h  , three   t ransmi t tance  p ro-  

f i l e s  were  obtained a t   S t a t i o n  N-8 (Figures  9c,   9d  and  9c).   Resul ts  indi-  

cated a marked  decrease i n   t u r b i d i t y   w i t h  an increase  f rom < 35% t o  65% 
t r ansmi t tance   a t   t he   l ower   dep ths   w i th in  an h o u r   a f t e r  shutdown. T h i s  

rap id  response i n   t h e   t u r b i d i t y  plume cou ld  be t h e   r e s u l t   o f   e i t h e r  

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

D u r i n g   t h i s   t i m e ,   t i d a l   c o n d i t i o n s  were  approximately a t   t h e  

mid-po in t   o f   f lood ing   (Append ix  VI. Lower than  normal   da i ly   product ion 

ra tes   f rom  K i t sau l  t mine a1 so occurred  the day p r i o r   t o  and f o l l o w i n g   t h e  
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shutdown period 8366.1  and  3865.2 tonnes per day, respectively (Appendix 
VI) .  

The mill commenced discharge  operations a t  2400 hours on July 
10th.  Transmittance p r o f i l i n g  resumed a t  Station N-8 a t  0115  and 1819 
hours on J u l y  1 1 t h  and  was repeated  again a t  2311 hours on July 1 2 t h  
(Figures 9 f ,  9g  and 9h, respectively). A midwater t u r b i d i t y  plume was not 
observed up t o  85 minutes after  startup, however 17 hours la te r  a strong 
t u r b i d i t y  plume developed a t  approximately the same d e p t h  that  was present 
prior t o  shutdown (85-95 metres). On July 1 2 t h ,  48 hours after  startup, 
the  typical two-peak t u r b i d i t y  profile was detected; maximum turbidity 
level s occurred a t  80 and 105 metres (respective  transmittance  level s were 
55%  and 25%). This two-peak turbidity  profile was similar  to  previous 
transmittance profiles obtained d u r i n g  mill operation. 

Clearly,  t h e  t u r b i d i t y  plume reacts very quickly t o  mill produc- 
t i o n ,  taking approximately 1 hour   t o  dissipate once production has ceased 
and approximately 48 hours to  return t o  i t s  original  characteristics once 
discharge i s  resumed. 

3.1.2  Water Analyses. 

3.1.2.1 Particul  ate  trace metal s. Particulate  trace metal data 
obtained from these  surveys serve to  indicate the relationship between 
station  location and patterns  associated w i t h  the tailings  discharge. 
However, the amount of residue  obtained from the water samples for  trace 
metal analysis was re1 atively  small. When dealing w i t h  such  small  amounts 
of residue any analytical  variation tends to  be magnified. Consequently, 
the  values  obtained may not  represent absol Ute metal concentrations. 
Particular  attention should be paid t o  the size of the  dilution  factor, the 
higher  the  factor, the lower the  precision of a given element's 
concentration. 
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The factor  is  calculated by d i v i d i n g  the f i n a l  digest volume (usually 10 
m l )  by the mass of material (9)  retained on the f i l t e r  and then used t o  
convert metal digest  solution  concentrations (ug/ml)  t o  particulate  levels 
( u g / g ) .  As the amount of material  retained on the f i l t e r  becomes smaller, 
the  factor becomes larger. A t  some p o i n t  the  factor becomes so large 
( >  1500) t h a t  very  small  changes i n  solution  concentrations,  after being 
multiplied by this  factor  result i n  large variations i n  final  results. I n  
essence,  the da ta  becomes less  precise. 

The results from the  particulate  trace metal analysis conducted 
on water samples taken i n  July 1982 are shown i n  Table 1. An increase i n  
particulate copper, lead,  zinc, cadmium and molybdenum concentrations was 
observed as  the o u t f a l l  was approached (Stations K1-70 t o  “9). Background 
levels of these  trace metals a t  Stations K1-70, F1-67 and ”49 ranged from 
< 6-< 10 ug/g, 50-80 ug/g,  163-218 ug/g,  < 3-< 5 ug/g  and  9-20 ug/g ,  
respectively.  Closer t o  the o u t f a l l ,  a t  stations 4-20, 0-13, N-11, L-10 
and “9, higher levels of copper ( <  3-25.1 ug/g)  , lead (100-314 ug/g)  , zinc 
(167-539 u g / g ) ,  cadmium I< 4.0-10.7 ug/g) and molybdenum ( <  30.0- 
-130.0 ug/g) were detected. The midwater tail ings plume, located a t  a 
depth of 80 metres, was also  evident a t  these  stations (Appendix I ) ,  
indicating t h a t  higher particulate  trace metal concentrations  are 
associated w i t h  higher t u r b i d i t y  levels and the tail ings plume.  The 
highest  concentrations of copper (25.1 ug /g ) ,  lead (314 ug/g) ,  zinc 
(539 ua /g )  a n d  cadmium (0.7 ug/g)  were found a t  S t a t i o n  “9, which i s  
located a t  the centre channel off  the K i  tsaul t o u t f a l l  (Figure 2). 

3.1.2.2 Gravimetric analysis. A summary o f  the  gravimetric  (residue) 
analysis on water samples coll  ected i n  Ju ly  1982 i s  provided i n  Tab1 e 1. 
The maximum non-fil  terabl e residue (NFR) 1 eve1 (128 mg/l) was detected a t  
S t a t i o n  L-10, which i s  located on the n o r t h  shore o f  A1 ice Arm near the 
Kitsaul t mine o u t f a l l .  Transmittance levels a t  this  station were less t h a n  
1%. Outside the  influence o f  the  turbidity plume, 1 ower NFR levels were 
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detected (NFR levels   ranged  f rom 0.7 mg/l a t   S t a t i o n  K1-70 t o  1.4 mg/l a t  

S t a t i o n  F1-70). 
General ly,  an i n v e r s e   r e l a t i o n s h i p  between NFR l e v e l s  and  percent 

t ransmi t tance was observed and i s  summarized i n   t h e   f o l l  owing  tab1 e: 

TABLE 2 PERCENT TRANSMITTANCE VERSUS NONFILTERABLE RESIDUE (NFR) - Ju ly ,  1982 
- 

I % T R A N S M I T T A N C E  I N F R   ( m g / l  1 

> 80 
70 - 80 
60 - 80 
20 - 60 

< 1  

< 1.5 
1.0 - 3.0 
2.0 - 3.0 

10 - 20 

128 
~ 

3.2 October - 1982 

3.2.1 T u r b i   d i   t v .  

3.2.1.1 T y p i c a l   t r a n s m i t t a n c e   p r o f i l e s   ( S t a t i o n s  4-20  and  T-64). 

P ro f i l es   ob ta ined   f rom  the  same two  s ta t ions  sampled i n   J u l y  1982  (T-64 

o u t s i d e   t h e   t a i  1 i ngs  plume  and  Q-20 ins ide   the   p lume)  and resampled i n  

October 1982 are  shown i n   F i g u r e s  10  and 11, respec t i ve l y .  

Comparing t h e   J u l y  and O c t o b e r   p r o f i l e s   a t   S t a t i o n  T-64, t rans -  

m i t t a n c e   l e v e l s  were genera l l y   s im i l a r ,   w i th   t he   excep t ion   o f   h ighe r   su r -  

f a c e   t u r b i d i t y   i n  October.  This  most 1 i k e l y   r e s u l t e d   f r o m   h i g h e r   s u r f a c e  

r u n o f f  . 
A t  S t a t i o n  4-20, w i t h i n   t h e   t a i l i n g s  plume, the   t ransmi t tance 

p a t t e r n  was a l s o   s i m i l a r   t o   t h e   J u l y   p r o f i l e s   t a k e n   i n   t h e  same l o c a t i o n .  

Transmi t tance  mainta ined  leve ls   greater   than 80% i n   t h e  upper  water  column 

(10-80  metres). The upper   layer   o f   the   midwater   tu rb id i ty  plume was e v i -  

den t   a t   app rox ima te l y  80 metres and c o n t i n u e d   t o  a depth o f  100 metres. 

Sharp tu rb id i t y   sp i kes   ( l ow   pe rcen t   t ransmi t tance )   occu r red  between 100 
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metres  and  the  bot tom  (F igure  11) .   S imi lar i ty   between  the  Ju ly   and 
October, 1982 t ransmi t tance   p ro f i l es   sugges ts   t ha t   t he   dep th   o f   t he   m id -  

w a t e r   t u r b i d i t y   p l  ume does n o t   s i g n i f i c a n t l y  change  on a seasonal  basis. 

3.2.1.2 Cross i n l e t  comparisons.  Figures 12a, 12b and  12c i l l u s t r a t e  

a s e r i e s   o f   c r o s s   i n l e t   s t a t i o n   t r a n s m i t t a n c e   p r o f i l e s .   S t a t i o n  L-10, 

l oca ted   nea r   t he   ou t fa l l  , h a d   t h e   h i g h e s t   t u r b i d i t y  1 evel  s; percent   t rans-  

mi t tance  leve ls   in   October   approached  zero   a t   approx imate ly  100 metres. 

S i m i l a r   t o   t h e   p a t t e r n  seen i n   J u l y ,   t h i s   t u r b i d i t y  peak was l e s s   p r o -  

nounced a t   t he   sou th   sho re   s ta t i ons  and decreased i n   i n t e n s i t y   a t   t h e  

s ta t ions   ex tend ing  seaward. 

3.2.2 Water  Analyses. 

3.2.2.1 Par t i cu la te   t race   me ta l s .   Pa r t i cu l   a te   t race   me ta l   concen t ra -  

t ions  determined  from  the  October 1982 water  samples  are  summarized i n  

Table 3. The 1 evel  s were v a r i a b l e   w i t h   r e s p e c t   t o   d i s t a n c e   f r o m   t h e   o u t -  

f a l l ,  however, par t i cu la te   copper ,   lead ,   z inc  and cadmium concent ra t ions  

were h i g h e r   i n   O c t o b e r   t h a n   i n   J u l y ,  1982  (Tab1 e 4) .  These e leva ted  con- 

cen t ra t i ons   cou ld  be a r e s u l t  o f  h ighe r   su r face   runo f f   o r  because K i t s a u l t  

mine  ceased  operat ion  br ie f ly   dur ing  the  Ju ly   sampl ing  per iod,   thus 

accoun t ing   f o r   t he  1 ower 1 evel  s o f  p a r t i c u l a t e   t r a c e   m e t a l  s. 

TABLE 4 PARTICULATE TRACE METAL CONCENTRATIONS - J u l y  and  October  1982 

L 

RANGE OF METAL CONCENTRATION (mg/g) 
TIME 

cu  Cd I n  Pb 

J u l y ,  1982 

9.0-12.5 416.0-692.0 244.0-304.0 97.1-197.0 October, 1982 

1.0-6.0  167.0-355.0  120.0-230.0 < 3.0-< 7.0 
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FIGURE 120 CROSS INLET  TURBIDITY  PROFILES  -STATIONS ~-10, 
M - 9  AND N - 8 ,  October  1982 



- 31 - 

. f .  a ' .  ! " ,  p .  ? . L "  

sa- 

1.I - 

t i 

STATION N- 14 

S T A T I O N  P-12 

D.1. : 82/18/81 
TI- : 2BBB PDT 1 

STATION 0- 13 

FIGURE 12 b CROSS INLET TURBIDITY PROFILES - STATIONS  N-14,  
0-13 AND P-12 ,  October 1982 
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F I G U R E  t 2 c  CROSS INLET TURBIDITY PROFILES - STATIONS 0-20, 
(2-20 AND S-20, October  1982 



- 33 - 

3 



- 34 - 

3.2.2.2 Gravimetric analysis. Results from the October 1982 gravi -  
metric  analysis  are summarized i n  Tab1 e 3 .  Non f i  1 terabl  e  residue (NFR) 
levels ranged from 10 mg/l t o  104 mg/l dur ing  this  sampling period. As 
observed i n  J u l y  1982, maximum - NFR levels were detected a t  S t a t i o n  L-10 
located on the north shore o f  Alice Arm opposite  the o u t f a l l .  NFR concen- 
trations were higher a t  stations  further from the ou t f a l l  (0-13 and 4-20) 
during October than i n  J u l y ,  1982: NFR levels observed a t  these  stations 
ranged from 10 mg/l t o  25 mg/l i n  October compared t o  1.3 mg/l t o  3.0 mg/l 
i n  Ju ly .  
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4 .O GENERAL DISCUSSION 

The presence o f  a m i d w a t e r   t a i l i n g s  plume i n   A l i c e  A r m  r a i s e d  two 

basic  quest ions.  One d e a l s   s t r i c t l y  wi th compliance t o   t h e  AATDR; t he  

other  concerns i t s  environmental   s igni f icance.  Dur ing  the  ear ly  stages o f  
mine s t a r t u p   i n   A p r i l  1981, the   sur face   o f   the   midwater  plume i n  upper 

A l i c e  A r m  was near   the   spec i f ied   boundar ies   o f  50 me t res   w i th in   t he  imme- 

d i a t e   a r e a   o f   t h e   o u t f a l l   ( d e f i n e d  as the  area  between  Lime  and Roundy 
Creeks)  and  100  metres  outs ide  th is  region. I n  1982, f o l l o w i n g   m o d i f i c a -  

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

the  sur face of t he  plume  appeared a t  a s l i g h t l y  deeper  depth  thus  increas- 

ing   the   oppor tun i ty   fo r   ma in ta in ing   compl iance  w i th   the   regu la t ions .  

From the  environmental  standpoint, i t  i s  recogn ized   t ha t   d i rec t  

t a i l i n g s   d i s p o s a l  will r e s u l t   i n  some b io log ica l   impact   s imply   through  the 

b u r i a l  and  smothering o f   t he   ben thos  and t h e i r   h a b i t a t .  The long-term 

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

From the   t ransmissometer   p ro f i les  i t  i s   e v i d e n t   t h a t  a p o r t i o n   o f  

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

o u t f a l l .   B u r l i n g  " e t  a1 (1981)   est imated  that  92% t o  98% o f   t h e   d a i l y  mine 

p r o d u c t i o n   f a l l s   t o w a r d s   t h a t   b o t t o m  and may extend down t h e   i n l e t   l e a v i n g  
an est imated 2% t o  8% remaining i n  the  upper t a i  1 i n g s   t u r b i d i t y   l a y e r .  It 

i s  wor th  not ing  that   dur ing  observat ions  f rom  the  submers ib le ,  Pisces I V ,  

i n  J u l y  1982 when the  mine was i n   f u l l   p r o d u c t i o n ,   e x t e n s i v e   t u r b i d i t y  was 

ev iden t   w i th in   t he   wa te r  column b u t   v i s i b i l i t y  improved  subs tan t ia l l y  

be fore   con tac t   w i th   the   bo t tom.  Nowhere was a concentrated  f low o f  t a i l -  

i n g s   s o l i d s  seen along  the  bottom even  near   the  out fa l l .  The t a i l i n g s  

plume i n   t h e   a r e a   o f   t h e   o u t f a l l  encompasses t h e   f u l l   w i d t h   o f   A l i c e  A r m  
and  extends  along  the  north  s ide seaward fo r   approx imate ly  4.5 km. The 

e x i s t a n c e   o f   t a i l i n g s  suspended i n  the  water   co lumn  s ign i f ies  that   deposi -  

t i o n   i s  a1 so occu r r i ng  a t  depths i n  w h i c h   t h e   t u r b i d i t y  1 ayer i s  present. 
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More studies  are  required t o  assess  the b io log ica l  effects of 
midwater t u r b i d i t y  on pelagic communi t ies  such as  the work completed by 
Anderson and Mackas (1985) which  examines the  effects of mine ta i l ing on 
the community structure, mor t a l i t y ,  respiration,  feeding and swimming 
behavior i n  various  species o f  zooplankton. Generally, they found t h a t  the 
AMAX/Kitsault tai l ings d i d  not  cause any measureable short-term physio- 
logical damage t o  the zooplankton b u t  the community structure d i d  show  some 
anomal ies i n  the immediate vicinity of the  discharge. 

U n t i l  the long-term biological  effects of the plume are f u l l y  
understood,  continued efforts should be directed towards lowering  the depth 
of the t a i l i ngs  plume and  reducing the  area of impact w i t h i n  the water 
column and on the bottom t o  as small as  area as technically  feasible. 
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APPENDIX I A  

TRANSMITTANCE PROFILES - JULY 1982 
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Survey Area : ALICE ARM Date : 82/07/11 
S t a t i o n  : M-9 T i  me : 0058 PDT 
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Survey Area  : ALICE ARM Date : 82/87/12 
S t a t  i o n  : M-9 Time : 2323 PDT 
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S u r v e y  A r e a  : ALICE ARM Date  : 82/87/12 
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Survey  Area : ALICE flRM Date : 82/07/11 
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S u r v e y   A r e a  : ALICE ARM 
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Survey  A r e a  : AL ICE RRM 
Station : ”12 
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S u r v e y  A r e a  : ALICE ARM 
S t a t i o n  : N-11 
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S u r v e y   a r e a  : ALICE ARM 
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S u r v e y  F i rea  : ALICE ARM 
Station : N-14 

D a t e  : 8 2 / 8 7 / 1 1  
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Survey  Area : ALICE ARM 
S t a t i o n  : N-14 

Date  : 82/87/12 
T i  me : 2226 PDT 
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S u r v e y   A r e a  : ALICE ARM 
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Survey A r e a  : ALICE ffRM 
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S u r v e y  A r e a  : ALICE ARM Date  : 8 2 / 0 7 / 1  1 
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S u r v e y  A r e a  : AL ICE ARM 
S t a t i o n  : P-12 

D a t e  : 8 2 / 8 7 / 1 2  
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Survey Area : ALICE ARM Date : 82/07/08 
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Survey Area : RLICE ARM 
S t a t i o n  : 0-13 

Date : 82/07/12 
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S u r v e y  A r e a  : A L I C E  ARM D a t e  : 82 /87 /18  
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S u r v e y   R r e a  : ALICE ARM 
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Survey A r e a  : ALICE f lRM 

S t a t  i o n  : Q-20 
Date : 82/€37/Zi8 
T i m e  : 2319 PDT 

T r a n s m i s s i v i t y  ( % I  

0 

5 0  

100 

150 

200 

250 

300 



Survey Area : RLICE ARM 
S t a t  i o n  : Q-28 

Date : 82/87/18 
T i  me : 2382 PDT 
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! S u r v e y  A r e a  : ALICE ARM 
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S u r v e y  A r e a  : ALICE ARM 
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S u r v e y  Area  : RLICE flRM Date  : 82/87/12 
S t a t  ion : (2-20 T ime  : 2001 PDT 

Transmissivity ( % I  



S u r v e y  A r e a  : ALICE ARM 
S t a t  i o n  : Q-20 
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Survey  A r e a  : f lLICE ARM 
Stat i o n  : (2-20 

Date  : 8 2 / 0 7 / 1 2  
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S u r v e y   R r e a  : ALICE RRM 
Station : GI-20 

Date : 82/87/12.  
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S u r v e y  A r e a  : R L I C E  RRM 
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S u r v e y   A r e a  : ALICE ARM D a t e  : 82/87/12 
S t a t i o n  : S-20 T i m e  : 2286 PDT 
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S u r v e y  A r e a  : A L I C E  ARM 
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Survey A r e a  : ALICE ARM Date : 82/87/1B 
S t a t  i o n  : R-32 T i m e  : 2223 PDT 
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S u r v e y   A r e a  : ALICE ARM 
S t a t  i o n  : R-32 
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r Survey A r e a  : ALICE ARM Date  : 8 2 / 8 7 / 1 8  
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S u r v e y  A r e a  : ALICE RRM 
S t a t  i o n  : 0-32 

Date : 82/87 /12  
T i m e  : 1613 PDT 
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Survey  Area : A L I C E  ARM 
Station : L-32 

Date : 82/87/10 
T i m e  : 2 1 4 9  PDT 
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Survey A r e a  : A L I C E  ARM 
S t a t  i o n  : L-32 
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S u r v e y  A r e a  : R L I C E  ARM Date : 82/07 /10  
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S u r v e y  A r e a  : A L I C E  ARM 
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S u r v e y  Area : ALICE ARM 
S t a t  i o n  : K-49 

D a t e  : 82 /07 /12  
Time : 1580  PDT 
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S u r v e y  Rrea : ALICE RRM 
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D a t e  : 82/07/12 
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S u r v e y  A r e a  : ALICE RRM 
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S u r v e y  A r e a  : ALICE ARM Date  : 8 2 / 8 7 / 1 2  
S t a t i o n  : T-64 T i m e  : 1424  PDT 
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S u r v e y   A r e a  : ALICE ARM 
Station : B-1-68 

Date  : 8 2 / 0 7 / 1 8  
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S u r v e y  A r e a  : ALICE ARM Date  : 82/07/12 
S t a t i o n  : B-1-68 T i m e  : 1485 PDT 
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Survey  Area : ALICE FIRM Date : 82/07/10 
S t a t i o n  : K-1-78 Time : 1836 PDT 
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S u r v e y  A r e a  : ALICE f lRM 
S t a t i o n  : K-1-78 
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APPENDIX IB 

CTD-TRANSMITTANCE  PROFILES - JULY 1982 























































Survey Area : ALICE ARM 
Station : P-12 

Date : 82/87/12 
Time : 2254 PDT 

a 

50 

1 BE 

Temperature (deg.C)  I 
a 5 10 15 

I I I r" 
20 

T r a n s m i s s i v i t y  ( % ) O  

250 i 
t- 
t 

300 t--" a 10 I 2% 1 "" 3% 

S a l i n i t y   ( p p t >  I 

't 
i 

I 

I a t I I 1 I I 
10 20 30 I 4a 

Slgma-T (grn/cu.cm-1)*18881 
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APPENDIX I1 

TRANSMITTANCE  PROFILES - OCTOBER 1982 



Survey Area : ALICE ARM Date : 82/18/81 
S t a t  i o n ’  : GS T i  me : 1557 PDT 
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Survey Area : ALICE ARM 
S t a t i o n  : G5 

Date : 82/18/03 
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Survey  Area : ALICE ARM 
S t a t i o n  : N8 
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Survey A r e a  : A L I C E  ARM 
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Survey Area : ALICE RRM 
S t a t i o n  : L 1 O  

Date : 82/18/81 
Time : 1717 PDT 
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S u r v e y  A r e a  : ALICE ARM 
Station : L 1 8  

Date  : 82/18 /01  
Time : 2153 PDT 
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Survey Area  : ALICE ARM Date : 82/18/01 
Station : N14 Time : 1913 PDT 

T r a n s m i s s i v i t y  ( % I  

0 

5 0  

100 

150 

200 

250 

300 



Survey  Area : ALICE ARM 
Station : 013 
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Survey Area : ALICE RRM 
S t a t i o n  : P12 
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Survey  Area : ALICE ARM 
S t a t i o n  : 020 

Date : 82/18/81 
Time : 2856 PDT 
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Survey Area : A L I C E  ARM 
S t a t i o n  : (320 
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Survey Flrea : f lLICE flRM 
S t a t  i o n  : S28 
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Survey Area : ALICE ARM Date : 82/18/82 
S t a t f o n  : R64 T i  me : 2006 PDT 
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Survey Area : ALICE ARM 
S t a t i o n  : T64 

Date : 82/18/82 
Time : 2029 PDT 
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Survey Rrea  : RLICE RRM 
Station : V64  

Date : 82/16182 
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APPENDIX I11 

CTD-TRANSMITTANCE DATA - JULY 1982 



EPS M A R I N E  C T D  OCEANOGRHFHY 
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Lonaltude : 129 30.6 
Date : 82/O7/11 

5 . 4 5 
5 . 4 2  
5.41 
5.41 

24 ,  El6 
24.66 

190.0 5 . 4 0  24 .67  3 0 .  E 0 7 0  31.2598 





EF'S M A R I N E  C T D  OCEANO(-:RHPHY 

S u r v e y  : ALICE HRM 
Station : N-14 
L a t l t u d e  : 55 27.0 
Longi t u d e  : 129.30.7 
Date : 82/U7/1 U 





D e p t h s  adJccsted f o r  H l r  Reading Cor rec tLon .  

1 . 1  
1 u 
2 0 
3 , [I 

Temp ( C  1 

1'3.78 
13.78 
13.80 
13.96 
13.91 
13.71 
1 1  . G I  
7.7i5 
6.84 
6. so 
6.34 
E). 29 
6 . 2 8  
E). 25 
6.22 6. 14 
5.95 
5.89 
5.81 
5 . 7 6  
5.67 

1 2 0 . 0  5.57 
130.0 5.52 
140. 1 5.48 

Siqma-T 



SO 71392 





EF'S  M A R I N E  C T D  OCEANOGRAPHY " 

D e p t h s  ad jus ted  i u r  H i r  Keadlng C o r r e c t . i o n .  

5.38 
5.38 
5.37 
5.38 
5.37 

24.68 30.6235 
24. G9 30,627 1 
24 69 30.6309 
24.69 30.6359 

31 2583 
31.2754 
2.i ,2741 
3 1 .?834 
31 .2827 
31 . x 5 1  

30.959 
74.800 
7 4 .  E04 
74,245 
74.878 
72.Y10 
71,239 
EA3.31 I 
62 ,826  
57.783 
5 4  535 
71r. 922 
74 750 
73 ,087  



Depths adjusted for   Al r  Read ing  C o r r e c t i o n .  

Temp ( C )  

14.18 
14.09 
1 4 . 0 7  
12 .60  

8 . 0 3  
6 , E) 9 
6.43 
t 43 
E). 28 
E). 27 
6.25 
6.21 
6.17 
6 02 
5.e9 
5 . 8 0 

5.6% 
5.59 
5.53 
5.47 
5 . 45 
5.44 
5.42 
5.41 
5.40 
5.40 
5.39 
5.38 
5.37 
5.37 
5.37 

5.7!1 



13ept.hs a d J u s t . e d  f o r  A i r  Readlnq Correction. 



Depths a d l u s t e d  t o r  Hlr  Reading C o r r e c t l n n .  





Depths adJusted f o r   H i r  Readlng Correction. 



EPS M A R I N E  C T D  OCEHNOGHAF'HY 

24 * 67 
24.67 
24 I68  30.6197 
24.68 30 6256 
24. €18 39.E1338 







EP5 M A R I N E  C T D  O C E A N O G K A F H Y  

S u r v e y  : HLICE HRM 
S t a t  Lon : 5-20 
L a t  I t.crde : 55 3 7 . 2  
L o n g l t a d e  : 129 33.9 
Date : 82 /07 /10  

Conductivity 







"_ EF'S  MARINE C T D  OCEANOGRAPHY - 

D e p t h s  a d j u s t e d  i o r  Air  Read ing   Cor rec tLon .  



14.21 
14.20 
14.20 

6 .29  
6.  30 

5.98 
5.87 





Temp ( C )  

14 '7C 

14.24 
14.18 
14.16 
14.r35 
1 1 . 7 0  
7.46 
6.71 
6.50 
E, 4 3 
6.3:; 
E,, 36 
6.35 
6 .31  
6.31 
E). 23 
6.14 
5.38 
5.85 
5 . 7 E) 
5.74 
5.70 
5.65 
5.59 
5.54 
5.50 
5.46 
5.43 
5.4.3 
5.41 
5.41 
5.41 
5.41 
5.39 
5.39  
5.39 
5.38 
5.38 
5.37 

. L -1 



EF'S MHRItJE CTD OCEANOGRAPHY - 

Depths a d j u s t e d  t o r  Alr Reading Correc tLon.  



EPS M A R I N E  C T D  OCEONOGRAPHY 

Survey : HLICE A R M  
S t a t i o n  : K-49 
L a t i t u d e  : 55 27.3 
Longltude : 129 36.9 
Date : 82/07/10 

Depths adjusted f o r  H i r  Reading Correction, 

2 . 6 
4.0 
5 . 0 

1 0 . 0  
1 5 . 0 
20.6 
25.0 
3 0 . 0  
35.0 
40.0 
45.0 
5 0 . 0  
6 0 . 0  
70.0 
3 0 . 0  
90.0 

1 0 0 . 0  
1 1 0 . 0  

1 3 0 . 0  
1 4 0 . 0  
150 .0  
159.8 

1 a . o  

14.52 
14.54 
1 4 . 2 5  
12.24 

6.69 
6.45 
6.37 
6 . 3 3  El ") '3 

6 . 3 3  
6.31 
E, ,38 
6 35 
G . 2 0  
6.07  
5.87 
5.78 
5.75 
5.67 
5 .63  
5.52 
5.53 

8.01 

J L  





EFS MHRINE C T D  OCEHNOGKAFHY ". 

SlJrVey : HLICE HRM 
S t a t i o n  : M-44 
L a t i t u d e  : 55 27.1  
L o n g i t u d e  : 129 36.9 
Date : 8 2 / @ 7 / t  0 

- 
lemp ( C )  

14 .54  
14 .59  
14.55 
1 4 . 4 8  
14.41 
2 4 . 4 5  
12 .60  
8 .41  
6 . 7 7  
6.4€) 
6 .35  
6 , 34 
6 .35  
6.31 
E) I37 
6 . 4 3  
6.26  
6.25 
6.20 
6 . 0 7  
5.84 
5.79 
5 . 7 4  
5 . 65 
5.57 
5 50 
5 . 4 7  
5 .44  
5 .41  
5.41 
5 .40  
5 .40  
5.39 
5.39 
5.38 
5.38 
5.37 
5 . 3 7  
5.36 
5.36 



EPS MARINE C T D  OCEANOGRAPHY 

. .  



E P 5  M A R I N E   C T U   O C E A N O G R A P H Y  

S u r v e y  : HLICE HRM 
Station : 0-43 
Latitude : 55 26.9 
Longitude : 129 36.9 
Date : 82/(!7/12 

Depths a d l u s t e d  f o r  Hl r  Reading C o r r e c t l o n .  



Salinlty 



S u r v e y  : ALICE A R M  
S t a t i o n  : T-64 
L a t i t u d e  55 26.4 
Longi tude  : 129  39.6 
Date : 82/07/12 

Depth ( m )  Temp ( 0  

1 . 3  14.34 
1 I1 1 4 . 3 0  
2 0 1 4 ,.23 
3.0  14.12 
4 . u 13.t:L 
5 0 13.73 

1 0 . o  11.10 
15.0 7.79 
20.0 6.97 
25. II 6.61 
30 n 6.46 
35.0 5.45 
40 0 6.42 
45.0 6 .43  
50.0 1; . 5 - J .-) 

6 0 . 0 6.52 
70.0 6.42 
80.0 6.31 
90.0 6.21 

' l O O * 0  5.98 
1 1 0 . 0  5.84 
120.0  5.77 
130.0  5 6.3 
1 4 11 . 0 5.54 
150.0 5.47 
1 6 0 . 0 5 . 4 5 
170.0 5.43 
177.7  5.41 



10.7132 
11,3078 



EFS MHRINE CTD OCEANOGRAPHY 

J lJrvey r : H L I C E  HHM 
S t a t t l o n  : B-1-68 
Latitude : 55 2 5 . 2  
Longitude : 129  40 .1  
Date : 82 /07 /10  

Depths adJusted f o r  A i r  Reading Correct.lor-1. 

1 . 7  
2 . 0  
3 . 0  
4 . 0  
5 . u 

f 0 . n 
20.0 
2 5 . (1 
30.0 
x .  o 
4 0 . 0  
45 .0  
50 .0  
6O.U 
7 0 . 0  
8 0 . 0  
9 0 . 0  

100 .0  
1 t o . 0  

15.0 

1 2 0 . 0  
230.0 
140 .0  
1 5 0 .  (3 
160.0 
170 .0  
180 .0  
190 .0  
200 .0  
208.5 

14.051 
14.07 
14 .04  
14 .04  
14 .02  
11.66 

7 .98  
7 .06  
G.68 
6.68 
6 . 6 2  23.93 
6.61 23 .99  
6 . 6 2  24.111 
6.59 24 .07  
6.53 2 4 . 1 4  
6 . 4 2   2 4  23 
6 . 2 8   2 4 . 2 8  
6.16 24.31  
5.98 24 .33  
5 . 8 4  24 .36  
5 t 35 2 4 . 3 9  
5.73 2 4 . 4 3  

5 . 5 4  24 .56  
5 . 4 8  24 .59  
5 . 4 5  24 .   62  
5 . 4 2  2 4 . 6 4  
5 . 4 2  2 4 . 6 4  
5 .42  24 I64  
5 . 4 2  2 4 . 6 5  

5.6f 2 4 . 4 8  



7.5;' 
7.06 

Sa l  i n 1  t v  



EPS M A R I N E  CTD OCEANOGRAPHY 

Survey : CiLICE f iRM 
S t a t i o n  : I < - 1 - 7 0  
L a t l t u d e  : 55 24.7 
Longi tude  : 129 4 0 . 5  
Oate  : 82/07/10 

D e p t h  ( m )  Temp C C )  

6.85 
6 . 8 2  

Slama-T 
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APPENDIX I V  

CTD-TRANSMITTANCE  DATA - OCTOBER 1982 



S u r v e y  : HLICE ARM 
S t a t i o n  : G f  
Latitude : 55 27.7 
Longitude : 129  29.2 
Date : 82/10/01 

Temp ( C )  

9.79 
9.81 

10.16 

1 0 . 1 '3 
9 .75  

10.88 
1 1 . 0 1  
13.66 
1 5 , 0 5 
16.47 
1 7 . 7 8  
18.87 

7 . 4 7  
7.31 
7 . 1 7  

6.89 
6.80 
6 .75  

7.06 23.24 
7 . 0 0  23.32 

23 .47  



EFS MARINE C T D  OCEHNOGRHPHY 

30.5980 
30.6571 
30,6933 



EPS M A R I N E  C T D  OCEHNOGRAPHY 

Survey : ALICE A R M  
Station : M 9  
Latitude : 55 27.1 
Longitude : 129 29.9 
Date : 82/10/01 

Depths adjusted f o r  A i r  Reading  Correction. 

Depth ( m )  Temp ( C )  

1 . 7  9.97 
3 10.22  
3.0 10.35 
4 . 0  10.31 
5.0 10 .31  

1 0 . 0  9.91 
15.0 9.17 
2 0 . 0  8.57 
25.0 7.56 
3 0 (1 7.2% 
35 .0  7.12 
4 0  IJ 7.03 
45.0 6.95 

60.  0 (3.83 
7 0 . 0  E . 7 4  
30 0 E.66 
90.0 6.42 

100.0  6.13 
1 1 0 . 0  5 . 95 
12tJ.o 5.70 
128.5 5.60 

L.. 

5 0 .  6.85 



EF'S M A R I N E  C T D  OCEANOGRAPHY 

Depths a d J u s t e d  t o r  Hir Reading Correct- ion.  



EF'S M Q R I N E  CTD OCEHNOGRQPHY 

Survey : HLICE HRM 
Station : L 1 0  
Lat.it.ude : 55 27.2 
Longitude : 129 30.0 
Date : 82/10/01 

Temp (C1 

10.3E 
10.36 
10.37 

1 0 . 0 1  
5.92 
9.05 
7.98 
7.48 
7.21 
7 . 0 7  
7 . 0 1  
6.54 
6.50 
6 .85  
6.81 
6.76 
6.71 
6.62 
6.47 
6.30 
6.15 
6.04 
5.95 
5.85 

10.28 





EF'S MHRINE C T D  OCEHNOGKOPHY 

S u r v e y  : A L I C E  ARM 
S t a t i o n  : 073 
L a t i   t u d e  : 55 26.9 
L o n g l t c r d e  : 129 30.6 
Date : 82/1 O/O'I 

1 . o 
2 . I1 

120.0 
1 3 0 . 13 

1 0 . 4 4  
1 0 * 4 ?  
10.35 
10.24 
1 111 . 0 4 
9.92 
9 . 4 9  
8 . 4 7  
7 . 7 0  
7 .40 
7.21 
7 . 0 8  

6 . 8 2  2 3 . 6 4  
E;. 77 2:2,70 
6.63 23 80 
6.43 23 '32 
6.15 2 4 . 1 3  
5.91 L 94 .28  
5 . 7 6  24.39 
5 .67  24 a 47 
5.61 24.51 
5.57 24 53 
5.53 2 4 . 5 8  
5.52 24 .59  
5.49 24.61 
5 . 5 2  24.58 

30.6144 

30.621 1 
30,6224 
30.6279 



EPS M A R I N E  C T D  OCEANOGRAFHY 

S a l i n i t y  



EPS MHRINE C T D  OCEHNOGRHPHY 

Survey : H L I C E  ARM 
Station : N14 
L a t l t u d e  55 27. 0 
Longitude : 129 30 .7  
Date : 82/10/01 

Depths a d j u s t e d  f o r  Hl r  Reading C o r r e c t i o n .  

Depth ( m l  

1 . 4  
1 . 0  
2 . (1 
3.0 
4 . 0 
5 I 0 

10.r1 
15.0 
2u. 0 
25.0 
3 0 . 0  

40. 0 
45 .0  
50.0 
60 0 
7 0 . 0  
80 * 0 
90.0 

1 0 0 . 0  
110.0 
l l8 .0  

35 .  o 

Temp ( C )  

1 0 . 3 5 
1 0 . 3 5 
10.45) 
10.33 
1 0.20 
1 0 . 1 3  
9 . 4 8  
8.77 
8 .  OE 
7 . 4 0  
7 . 1 8  
7.09 
7 . 0 2  
6.98 
6 . 9 3  
€1 . 9 0 

Siqma-T 

23.43 
23.50 
2 3 . 5 4  

6.57 
€1.33 
6.03 
5.98 



EF'S M A R I N E  C T D  OCEHNOGHHPHY 

D e p t h s  ad2usted f o r  A l r  Kead lnq  Correction. 

29.9991 
30 I1660 
313.1829 
30 2722 
3 0 . 3 4 4 7  



EPS  MARINE C T D  OCEHNOGRAPHY 

S u r v e y  : HLICE HRM 
S t a t i o n  : Q20 
L a t i t u d e  : 55 2 6 . 7  
L o n g l t u d e  : 129  31.8 
Date : 82/1 0 / 0 1  

Depths adJust.ed f o r  Air Readlng C o r r e c t i o n .  

Depth ( m )  

C 1 . -1 
I .0 
2 0 
3 , 0 
4.0 
5.0  

1 0 . 0 
15.0 
20.0 
25.0 
311.0 
35.0 
4 0 . 0  
45  . 0 
5 0 . 0  
60. 0 
7 0 . 0  
80.0 
90.0 

1 0 0 . 0  
1 1 0 . 0  

130.0 

150.0 
1 € 0 * 0  
1 7 0 . 0  
130.0 
290.0 
200.0 
210.0 
220.0 
230.0 
2 3 7 . 7  

," 

m . 0  

140. 0 

Temp CC) 

1 0 . 4 0  
1 0 . 4 1  
10.40 
10.33 
10.03 
9.88 
3 . ' 3  9 
8.30 
7 . 6 0  
7 . 2 7  
7 . 1 4  
7 . 1 0  
7 . 0 5  
E) . 96 
6.92 
6.89 
6.82 
6 . 7 5  
6.64 
6.46 
6.30 
6 . 0 7  
5.38 
5 . 7 1  
5.62 
5.57 
5.52 
5.51 
5.50 
5.50 
5.49 
5.49 
5.48 
5 . 4 7  

Siqma-T 

15.87 
15.86 
16.09 
1 7 . 7 4  
18.28 
18 61 
1 9 . 7 1  
L 3 1 3C) 
22.49 
23.00 
23.20 
23 * '7 
23.36 
2 3 , 4 E) 
23.52 
23 5 7  
23.66 
'33 7 3  
23. $2 
23.91 
24.01  
24.18 
24.31 
24 42 

24.50 
24.55 
24.59 
24.60 
24.57 
24.61 
24.61 
24.62 
24.63 

L J .  

24.50 

Conductivlty 



EFS MHRINE CTD OCEANOGRAPHY 

S u r v e y  : MICE ARM 
S t a t  lor ,  : 520 
La t i  t -ude  : 55 26. 5 
Longltude : 129 31.8 
Date : 82/1 0 / 0 l  

Depths a d j u s t e d  for A i r  Readlng Correction, 

Slsma-T Conduct i v i  t v  

23.9350 
23.9763 
24.341 1 
26.3717 
26 I9705 
27.5487 
28 2420 

30 0783 
30 * 3605 
30.5017 
30  5774 
30.6256 
3 0 .  €8428 
30.6669 
30.7109 
30.7513 
30,7701 
30.7873 
30.7495 

29.3005 

- Salinity 

2n t 7652 
20,8044 
21.1443 
23. 1524 
23.90 1 3 
24.6165 
25.6327 
27.4289 28 c(?39 
29.3787 
29.6752 

- 29.7904 
29.8748 
29.9161 
29 9964 
30.1052 
30 1986 
30.2562 
30.3600 
30.43% 

. c id 

Transmission 



EF'S MHRINE CTD OCEANOGKAFHY 

Survey : ALICE ARM 
Station : K64 
Latitude : 55 26 .6  
Longitude : 129 39.7 
Date : 82/1 0/0z 

Depths  adjusted f o r  A l r  Reading Correction. 

Depth  ( m )  Temp ( C i  

1 .4  9.90 
2 . 0  9.82 
3 . (1 9 .66 
4 . 0 9.52 
5 . u 9.43 

10.0 9.16 
15.0 7 .  B o  
20 Cl 7.42 
25 . 0 7.29 
30.0  7.15 
35.0 7 . 0 6 
40 0 7 . 0 0  
45.0 6.98 
5 0 . 0  6.96 
6 0 . 0  5.90 
70.0 E. 89 
80.0 6 .86  
9 0 0 6.81 

100 .0  €. 7 0  
1 1 0 . 0  6.59  
120.0  6 .33  
1 3 0 . 0  6.09 
140.0  5.98 
150.0 5. E5 
160.0 5.73 
170 .0  5.59 
180.0  5.54 
190.0  5.50 
2 0 0 . 0  5.50 
209.2  5.4s 

23.44 
23.49 
23.52 
23.57 
23.64 
23.72 
23.77 
2' 8' 
23.89 
23.96 
24.08 
24.20 
24.27 
24.36 
24.44 

.-I d 

24.54 
24.57 
24. E0 
24. €0  
24.62 

30 6669 
30.649rI 
30.6300 
30.6270 
30 6285 
3 0 .  6282 
30,6346 

Saiinltv 



EF'S MfiRINE CTDaCEHNOGRflPHY 

S u r v e y  : A L I C E  HRM 
S t a t i o n  : T64 
L a t l t u d e  : 55 26.4 
Longltctde : 129 39.6 
Date : 82 /10 /02  

D e p t h s  ad . Jus t . ed  f o r  Hir Reading Correct- ion.  

9.89 
9.99 
3.97 

5.21 
5.78 

23.74 
23.76 

Conductivity 

2 4  * 4925 
24.988 1 
25.5560 
115.d141 
25 87G1 
26 [I61 9 
27.6756 
29.6013 
30 300'3 
30 6297 
30.695% 
30.7371 
30 7536 
' ? [ I ,  761 8 

30.8591 
30 9009 
30.9222 
30.9332 
30.9334 
317.91734 
30.8672 
:30.747E, 

30.7804 

Salinity 

30.8931 
30.9833 
31.0487 
31,1387 
31.1905 
31 1884 
31.1881 



EPS M A R I N E  C T D  OCEANOGRAPHY 

Survey : A L I C E   A R M  
Station : Vh4 
Latitude : 55 26.1 
Longitude : 129 39.5 
Date : 82/1 0/02 

Depths  adjusted f o r  Q i r  Readlng Correct  ion. 

1 . 4  
2 . 0 
3 * 0 
4 , 0 
5.0 

1 0 . 0  
15.u 
20.0 
25.0 
3 0 4 0 
35.0 
4 0 . 0  
45.0 
50.0 
60.0 
70 .0  
8 0 . I1 
9 0 . 0  
95.1 

9.77 17.2'3 
9.71 17.31 
9.35 19.06 
9.15 19.56 
8.92 20.21 
8.09 21 7 7  

7.19 23.37 
7.12 2.2.43 

7.04 23.56 
6.99 23 64 
6.93 23.71 
6.84 23.79 
6.79 23.82 
6.77 23.83 



EPS M A R I N E  CTD OCEHNOGRAPHY 

Depth (air) .8U m 
D e p t h  (sounder) : 90.00 ITI 

7.16 23.59 
7.18 23.64 
7.15 23.71 
7 . 1 4  L 3 17 3 . 7 6 

26 5782 
26.5575 
26. Sf378 

27.7655 
23 9326 
30.2952 
30.4569 
30 8493 
30.9796 
3 1 0€,26 
31.1212 
3 1 1E353 
31,2451 
3 1 ,4880 
31 ,5294 
3 1 .56€8 

77.800 
77.635 
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APPENDIX V 

TIDAL  STATE THROUGHOUT SAMPLING PERIODS 
- JULY AND OCTOBER 1982 
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APPENDIX V TIDAL  STATE  THROUGHOUT  SAMPLING  PERIODS - 
STATION (2-20, July and October, 1982 
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APPENDIX V I  

TAILINGS DISCHARGE - JANUARY/DECEMBER 1982 
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8 .O PLATES 

PLATE 1 V I S I B I L I T Y  FROM PISCES I V  RELATED TO PERCENT TRANSMITTANCE 
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