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ABSTRACT 

I n  1963 plans were  announced t o   c o n s t r u c t  a 33,000 T.P.D. open 

p i t  copper-molybdenum mining complex on the   nor th   shore   o f   Ruper t   In le t ,  

B r i t i s h  Columbia.   Coincident  wi th  th is  proposal  was the   necess i ty   to  

develop a mil 1 t a i l i n g s  and waste  rock  disposal  system  which was 

env i ronmenta l ly   acceptable  to   ex is t ing  regulatory   agencies.  

Land disposal  of  the  mine  wastes was one o f   t he  a1 t e r n a t i v e s  

considered  dur ing  pre-operat ional   studies  but  was r e j e c t e d   i n   p r e f e r e n c e  
t o  a mar ine   t a i l i ngs   d i sposa l  system. Charac te r i s t i cs   o f   t he   o re  

i n d i c a t e d   t h a t   t h e   t a i l i n g s  i f  stored on land,   could be s u b j e c t   t o  

bac te r i   o l   og i   ca l   l each ing .  

The mining company p r e d i c t e d   t h a t   t a i l i n g s   s o l i d s   d i s c h a r g e d  

d i r e c t l y   i n t o   R u p e r t   I n l e t   w o u l d   g e n e r a l l y   r e m a i n  below 100 metres and 

woul  d f l o w  as a d e n s i t y   c u r r e n t  down the   s lop ing  bed o f   t h e   i n l e t   t o  

s e t t l e   i n   t h e  deeper  portions. It was a l so   p red ic ted   t ha t   h igh   cu r ren t  

v e l o c i t i e s   i n   t h e   a r e a  woul  d remain above 60 metres and woul d n o t  

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

were presented by the  proponent i n  a b r i e f   t o   t h e   B r i t i s h  Columbia 

P o l l u t i o n   C o n t r o l   B r a n c h   i n  1971. A p e r m i t  was subsequent ly   issued  for  

marine  disposal , i n c l u d i n g  a p r o v i s i o n   f o r  an environmental   monitor ing 
program t o  be ca r r i ed   ou t   under   t he   d i rec t i on   o f  an independent agency. 

Dur ing   the   in i t ia l   years   o f   m ine   p roduc t ion ,   the   Env i ronmenta l  

Protect ion  Serv ice  conducted a surve i l   lance and moni tor ing  program  to  
assess  the  behaviour  of  the  wastes i n   r e l a t i o n   t o   t h e   m i n i n g  company's 
p re-opera t iona l   p red ic t ions .  

Present   s tud ies have shown that   the  waste  d ischarge from the 

copper  mine has r e s u l t e d   i n   t h e   a n t i c i p a t e d   o b l i t e r a t i v e   e f f e c t s  on  deep 

benthos and  an unpred ic ted   w idespread  depos i t ion   o f   ta i l ings   wh ich  has 

a f fec ted   t he   sha l l ower ,   h igh l y   p roduc t i ve   reg ions   o f   t he  system. Strong 



t i d a l   c u r r e n t s   a l o n g   t h e   f l o o r   o f   R u p e r t   I n l e t   a r e   b e l i e v e d   t o  be the  
major cause o f   t he   unp red ic ted   sp read   o f   t a i l i ngs .  In  a number of   areas 

t h i s   d e p o s i t i o n  has r e s u l t e d   i n  a permanent a1 t e r a t i o n   o f   t h e   n a t i v e  

h a b i t a t  and the  smother ing  o f   res ident   benth ic   b io ta.   Both  sur face and 

s u b s u r f a c e   t u r b i d i t y   l e v e l s  have a1 so great ly   increased.  



En 1968, on annongai t  l a  construction  d 'un  complexe  minier 2 c i e l  

ouvert   d 'une  capacft6  de 33 000 tonnes   pa r   j ou r   su r  l a  rive nord 

de l ' in le t   Rupert   en  Colombie-Bri tannique.  iX cette occas ion ,  il 

f a l l u t   a u s s i  mettre au   po in t  un systsme  de mise en  dzcharge  du  roc 

i n u t i l i s g  e t  des   rg s idus   s a t i s f a i san t   aux   ex igences   rgg lemen ta i r e s .  

Bien  que les g t u d e s   p r g l i m i n a i r e s   a i e n t   e n t r e   a u t r e   p o r t 6   s u r  

l a  mise en  dgcharge terrestre des  rgsidus,   on a prEfgr6   d i sposer  

des  dgchets  miniers  par  immersion. Les c a r a c t g r i s t i q u e s  du 

m i n e r a i   l a i s s a i e n t   c r o i r e ,   e n   e f f e c t ,   q u e   s o n   a c c u m u l a t i o n  s u r  

terre d o n n e r a i t   l i b r e   c o u r s  h unlessivage  bact i5r iologique.  

La  socii5tQ  miniGre  prgvoyait   que les rgs idus   so l ides   dgve r sgs  

directement   dans  l ' in le t   Rupert   demeureraient   en  deg2  de  100 

mstres de l a  s u r f a c e  l e  long  de l a  pente  du  fond  de l ' i n l e t ,  

s u i v e n t  un gradient   de  densi tg ,   pour   s 'accumuler   en  profondeur .  

On prgvoyai t   auss i   que  l e  fo r t   cou ran t   du   s ec t eu r   demeure ra i t  

au-dessus  de 60 mstres e t  n ' i n f l u e r a i t   p a s   s u r  l e  d6pi3t des  

r g s i d u s   a u   f o n d   d e   l ' i n l e t .  L e  demandeur exposa i t   c e s   p rgv i s ions  

2 l a  B r i t i s h  Columbia Pol lut ion  Control   Branch,   en  1971,   aprgs  

quoi  on l u i   d 6 l i v r a  un permis  d'innnersion  des  rgsidus. Le  

permis  prgvoyait   qu'une  agence  indgpendante serait  chargEe  de 

s u r v e i l l e r  l e  mi l i eu .  

Un programme de   su rve i l l ance ,  m i s  en  oeuvre  par  l e  Serv ice   de  l a  

protect ion  de  l 'environnement ,  a permis   d 'gvaluer  l e  comportement 

des   rEs idus   au   cours   des   p remisres   annges   d ' explo i ta t ion  e t  de l e  

comparer  aux  pri5visions  de l a  soc ig tg   min igre .  
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L e s  Studes  actuel les   dgmontrent   que  l ' immersion  des   dgchets  

cupriques,  comme on l ' a v a i t   p r e v u ,  a f a i t   d i s p a r a i t r e   e n   p a r t i e  

l e  benthos  des  profondeurs.  De p lus ,   cont ra i rement   aux   prgvis ions ,  

les  rgs idus  se sont  rgpandus un peu p a r t o u t ,   a f f e c t a n t  les zones 

peu  profondes oG l ' a c t i v i t g   b e n t h i q u e  es t  pa r t i cu l ig remen t  

6lev6e. On a t t r i b u e   c e t t e   d i s p e r s i o n  5 des   courants   in tenses   que  

les marges f e r a i e n t   n a i t r e   a u   f o n d   d e   l ' i n l e t .  En d i v e r s   e n d r o i t s ,  

l e  dgp6t a a l tE r6   l ' hab i t a t   o r ig ine l   de   f aqon   pe rmanen te  e t  

d g t r u i t  l e  biome benthique.  L e  t a u x   d e   t u r b i d i t 6 ,   t a n t  S l a  

surface  que  sous l a  s u r f a c e ,  a ggalement  augment6  considgrablement. 
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CONCLUSIONS 

1. A re-evaluation of the Island Copper  Mine tailings disposal system 
is  warranted t o  ensure t h a t  the best environmental solution t o  the 
present waste disposal problem  has  been achieved.  This conclusion 
i s  based on the present and anticipated environmental  impact of mine 
sediment deposition and the  spread of these sediments i n t o  waters 
shal  lower than 100 metres and o u t  i n t o  Quatsino Sound proper. This 
i s  contrary t o  the predicted tailings dispersion patterns. 

2. Since tailings dispersion is  primarily related t o  the action of 
t i d a l  currents on the benthic deposits, a1 ternate disposal methods 
should be considered. Changes to the  design or loca t ion  of the 
present underwater o u t f a l l  system are unlikely t o  reduce or 
eliminate undesirable tailings dispersion. 

3. I n  relation to the tailings discharge, sediment l o a d i n g  from the 
waste rock dump i s  considered t o  be less  significant. However, this 
a d d i t i o n a l  sediment loading plus filling approximately 700 acres of 
Rupert In l e t  w i t h  waste  rock, i s  of sufficient magnitude, t h a t  
a1 ternate methods of waste disposal should be considered, l i m i t i n g  
further extension into the inlet. 

These conclusions are based on the fol lowing considerations: 

a.  Pre-operational predictions concerning the movement of mine 
t a i l  ings discharged i n t o  Rupert In le t ,  made by Utah Mines Ltd. 

i n  their brief to the British Columbia Po l lu t ion  Control Branch 
(Utah ,  1971) indicated t h a t  tailings  solids would generally 
remain i n  the  deeper portions o f  the inlet (below a depth of 100 
metres) and would not  contaminate the shallower, more 
b io logica l ly  productive zones. 
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b. Results of the studies reported herein show t h a t  the 
pre-operational ly  predicted extent of effluent  solids dispersion 
has  been greatly exceeded, following 5 years of Island Copper 
Mine operation. 

c. Submersible observations made during the present study, as well 
as  experimental  trawl studies conducted by others suggest t h a t  a 
much more diverse deep-water benthic community was natural ly  
resident i n  Rupert Inlet than t h a t  reported by Utah Mines Ltd. 
(Utah, 1971). The company reported t h a t  deep-water  benthos , 
consisted  primarily of polychaete worms,  small clams, 
shrimp-1 i ke animal s ,  and a number of other re1 ativel y m i  nor 
groups. 

d. Evidence of lateral and vertical movement o f  tailings  solids 
i n t o  areas and a t  depths shallower than the predicted 100 metres 
i s  demonstrated by: 1) a substantial  increase i n  bo th  surface 
and subsurface turbidity; 2) rapid and widespread mine sediment 
deposition over a considerable portion of the Rupert I n l e t  
system; and 3 )  heavy sediment deposition on much of  the original 
substrate and resident b i o t a  i n  some intertidal and shallow 
subtidal  areas. 

e. Three years of qualitative observations in Rupert Inlet have 
established t h a t  mine sediment deposition along portions of the 
shore1 ine has had,  and i s  cont inuing t o  exert, a progressively 
detrimental effect on the benthic b io t a  by a1 tering native 
habi t a t  and smotheri ng resident speci es. 

f .  I t  i s  anticipated t h a t  the impact of solids deposition on 
resident b i o t a  i n  the shallower regions and the simultaneous 
obliterative  effects on deep-water  benthos wi l l  ultimately 
impair the biological  productivity of Rupert I n l e t  by reducing 
speci  es d i  versi t y  and abundance. 
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. 

g.  The a n t i c i p a t e d   r e d u c t i o n   o f   b i o l o g i c a l   p r o d u c t i v i t y  will 
undoubtedly  spread  to  adjacent  waters as exi   st ing  oceanographic 

in f luences  cont inue  the  outward movement of  mine  sediment 

deposi t ion.  

h.  The shore1 i ne i n  the  Quats ino Sound area i s  mostly  bedrock, 

wh i le   the  deeper  areas  around  Quatsino  Narrows  consi  sts of 
bedrock,  coarse sand  and gravel .  These areas  support a d iverse 

benth ic  community. I n  many r e g i o n s ,   t h i s   n a t i v e   h a b i t a t  has 

become permanent ly   a l tered due t o   t h e   b u i l d  up of  mine  sediment 

which will p r e c l u d e   r e h a b i l i t a t i o n  by  organisms  that   requi re  a 

re la t i ve l y   sed imen t - f ree   subs t ra te   f o r   su rv i va l .  

i. Based on  the  evidence  of  increased  heavy  metal  concentrat ion i n  

the  marine  sediment and the   po ten t i a l   b ioaccumu la t i on   i n to  

marine  organisms , p a r t i c u l a r l y  mol 1 uscan b i  Val  ves , the  authors 

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

c e r t a i n  heavy metals will increase i n  mar ine   b io ta  exposed t o  

mine  sediment  deposition. 
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1 INTRODUCTION 

In 1968, Utah Mines Ltd. announced plans t o  construct the 
Island Copper Mi ne, a large open p i t  copper-molybdenum min ing  complex, t o  
be located on the north shore of Rupert Inlet, northern Vancouver 
Is1 and. 

Fol lowing discussions w i t h  what was then the Federal Department 
of Fisheries and presentation of a brief t o  a Provincial Pol lu t ion  
Control Board pub1 i c  inquiry (January, 1971 1, Utah Mines Ltd. was granted 
permission t o  discharge bo th  mil 1 t a i l  i ngs and waste rock i n t o  Rupert 
Inlet. 

Construction of the Island Copper  Mine  was completed i n  1971 
and the f i r s t  ore had been processed by October of t h a t  year. During the 
f i r s t  two years of mine operation, Environment Canada (now Fisheries and 
Environment Canada) carried o u t  periodic monitoring  surveys t o  determi ne 
i f  tailings  distribution conformed t o  pre-operational predictions made by 

Utah Mines Ltd. Subsequently, i n  1973, the range of studies was 
increased fo l lowing  evidence of surface  turbidity i n  Rupert In le t .  

1.1 Study Objectives 

The principal goal of the study reported herein, was t o  monitor 
and evaluate the effects of underwater  unconfined  copper m i  ne tailings 
disposal and waste rock shore1 i ne dumping on the marine  environment. 
Specific objectives were as follows: 
( a )  monitor the 1 eve1 of turbidity w i  t h i n  the receiving waters t o  

determi ne the d i  stribution of m i  ne-derived  suspended solids; 
( b )  monitor the benthic distribution and movement of mine tailings and 

waste  rock materials i n  relation t o  pre-operational predictions; 
( c )  evaluate the influence of oceanographic conditions on the distri- 

b u t i o n  and deposition pattern of mine tailings and waste rock 
sediment; 
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( d l  de te rmine   the   de le te r ious   e f fec ts  of  mine sediment  deposition on 
indigenous  marine  organi sms i n  t h e   i n t e r t i d a l  , shall  ow subt ida 
deep benthic  zones; 

(e )   assess   the   degree  of heavy  metal  contamination (Cu, Z n )  i n  r e s  
b i  Val ves. 

1 and 

i dent 
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2 BACKGROUND 

2.1 Descr ip t ion  o f   Study  Area 

2.1.1 Geographical  Aspects.  Quatsino Sound, l o c a t e d   i n   t h e  
nor thwestern   por t ion   o f  Vancouver I s l a n d ,   l e a d s   i n t o   t h r e e   m a j o r   i n l e t s ,  

Rupert and Ho lbe rg   i n le t s   t o   t he   no r th ,  and Neroutsos I n l e t   t o   t h e   s o u t h  

(F igures 1 and 2).  Rupert  and Holberg  in1  e ts   are  connected  to   Quats ino 

Sound by Quatsino  Narrows, a narrow and o f t e n   v e r y   t u r b u l e n t   t i d a l  

channel. 

R u p e r t   I n l e t   i s   t h e   s m a l l e s t  o f  t he   t h ree   i n le t s ,   be ing  10.2 km 

long   w i th  a 

metres. The 

i n l e t   i n   t h e  

Ho 

lean w id th  o f  1.8 km. The  mean center  channel  depth i s  110 

maximum depth  o f  165 metres i s  located  near  the  mouth o f  the  

v i c i n i t y   o f   Q u a t s i n o  Narrows  (Pickard,  1963). 

b e r g   I n l e t   i s  34.2 km long and has a mean w i d t h   o f  1.3 km. 

The mean center  channel  depth i s  80 metres;  the  deepest  port ion,  170 

metres, i s   l o c a t e d   n e a r   Q u a t s i n o  Narrows  (Pickard,  1963). 

Neroutsos I n l e t ,   i n c l u d i n g   Q u a t s i n o  Sound proper, i s  59.2  km 

l o n g   w i t h  a mean w i d t h   o f  2.2 km. The mean center  channel  depth i s  150 
metres (P ickard,  1963). The Rayonier Canada (B.C.) L td . ,   Por t   A l i ce   Pu lp  
M i  1 1  , i n   o p e r a t i o n   s i n c e  1917 , i s   l o c a t e d   n e a r   t h e  head o f  t h e   i n l e t .  

Dr inkwater  (1  973)  reported  the volumes o f  Rupert  and  Hol berg 

i n l e t s  as 2,000 x l o 6  m3 and 3,400 x l o6  m3, respec t i ve l y .  

2.1.2 Oceanographic  Features. The most a c t i v e   t i d a l   c u r r e n t s   a r e   i n  

t h e   v i c i n i t y  o f  Quatsino  Narrows. The Canadian  Hydrographic  Service 

( 1 9 7 2 )   r e p o r t e d   t h a t   s u r f a c e - c u r r e n t   v e l o c i t i e s   i n   Q u a t s i n o  Narrows  can 

reach 7.0 t o  7.5 knots   (360  to  386 cm sec") d u r i n g   l a r g e   t i d a l  changes. 

Dur ing a f l  oodt ide , considerable  turbulence and upwell i ng can  develop 

between  Hankin  Point and Quatsino  Narrows  (Figure  2)   (authors '   observat ion).  
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The t i d a l   r a n g e   a t  Coal Harbour,  near the mouth of Hol berg 
I n l e t ,  i s  0.18 m t o  4.2 m w i t h  a mean of 2.8 m. 

From the limited data   avai lable ,   Drinkwater   (1973)   es t imated 
the to t a l   da i ly   f r e shwa te r  i n p u t  i n t o  Rupert and Hol berg in le t s  t o  be 
about  12 x lo6 m 3  and  40 x l o 6  m3 under maximum condi t ions .  Based on the 
dra inage   a rea ,  he e s t i m a t e d   t h a t   h a l f  o f  this  volume  comes  from the 
Marble River, the major river system i n  the area .  However, i n  r e l a t i o n  
t o  the t i d a l  i n p u t  through  Quatsino  Narrows, the flow  from the Marble 
River i s  comparatively  minor,   estimated by Johnson  (1974) t o  be about 5% 
of the t o t a l  i n p u t .  

The Marble River, which  enters near the mouth  of Rupert I n l e t  
( F i g u r e  21, i s  re la t ive ly  s h o r t  and drains several l a rge   l akes .  
According to  Johnson  (19741, the Marble River i s  not  a s i g n i f i c a n t  
c o n t r i b u t o r   t o  the t o t a l  sedimqnt load   i n to  Rupert In1 et .  The na tura l  
sediment i n p u t  in to   both Rupert and Hol berg inlets from other   sources  i s  
a1 so cons idered   to  be very low. 

The ver t ica l   un i fonni   ty  i n  t empera ture   and   sa l in i ty  i n  the 
water column a s  shown by Pickard  (1963)  and  Waldichuk " e t  a1  (19681, 
i n d i c a t e s   t h a t   c o n s i d e r a b l e   t i d a l  mixing occurs i n  Rupert I n l e t .  In 
add i t ion  , benthal   dissolved oxygen concen t r a t ions   a r e   u sua l   l y   h igh  i n  
Rupert I n l e t ,  despite the ex i s t ence  of a s h a l l  ow s i 1  1 i n  Q u a t s i  no 
Narrows.  Water c i r c u l a t i o n  i n  Rupert I n l e t  and the influence o f  Quat s ino  
Narrows on t i d a l  mixing  i s  d iscussed  more ful  l y  by Drinkwater ( 1  973) , 
Dri nkwater " e t  a1 (1  975) , Johnson ( 1  974) , and  Stucchi  and  Farmer ( 1  976). 

2.2 Island  Copper Mine 

2.2.1 Production  Data. The Island  Copper Mine has a designed 
capac i ty  of 33,000 tons  of o r e  per day, w i t h  an  annual  output  of  230,000 
tons  of  copper  concentrate and 1,800 tons  of molybdenum concent ra te .  The 
defined o re  body has been estimated  to  have reserves of  280 m i  11 ion  
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tons of copper-molybdenum ore, w i t h  an average  grade of 0.52% copper and 
0.018% molybdenum. Based on the  average  production rate and known ore 
reserves, the l i f e  of the mine  has  been estimated t o  be 25 years. Daily 
production rates, however,  have  reached  as h i g h  as 38,000 t o  40,000 tons, 
presumably shortening the productive l i fe  span of the mine. 

The mine configuration i s  a single open p i t  which i s  located 
east of the mill site. The f ina l  area of the p i t  i s  expected t o  be 
approximately 500 acres (202 ha) hav ing  surface dimensions of 
approximately  2,286  metres by 1,066.8 metres, and will extend t o  a depth 
of 304.8 metres, some 243.2 metres below sea level. 

2.2.2 Tailings Disposal System. After crushing and grinding the ore 
t o  approximately 70% mi nus 200 mesh (74um),  the chalcopyrite ( CuFeS,) and 
mlybdeni te (MoS,) mineral i s  removed by a f l o t a t i o n  process. The waste 
material (mil 1 t a i l  i ngs) from this process i s  passed  through two large 
(375-foot diameter)  thickeners t o  reclaim some of the process  water and 
chemicals. The underflow or tailings  effluent from the thickeners 
consists of 40% t o  50% solids by weight. Characteristics of the 
d i  scharged  sol ids  are shown i n  Table 1 and Figure 3 (Evans and Pol ing ,  
1975). Normal l y  the effluent  is disposed of v i a  a marine o u t f a l l  1 ocated 
immediately west of Narrow Island  (Figure 2 ) .  Before discharge, the 
effluent i s  d i l u t e d  w i t h  seawater drawn  from a depth of 15 metres. The 
diluted  effluent  is then  discharged a t  a depth o f  50 metres. 

In the event of a failure i n  the marine o u t f a l l  system, Utah 
Mines Ltd. has constructed an emergency tailings impoundment by dyki ng 
of f  an area behind  Narrow Island (Plate 5, see pages 74 and 75 ) .  

Since only a small portion o f  the ore i s  recovered  as  mineral 
concentrate (150 t o  200 tons  per day) most of the  processed ore i s  
discharged i n t o  Rupert Inlet as tailings ( i  .e., approximately  38,000  tons 
per day) .  To date, over 50 million tons of solids have been discharged 
i n t o  Rupert Inlet. 
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TABLE 1 TYPICAL MINERAL COMPOSITON OF TAILINGS SOLIDS DISCHARGED 

INTO RUPERT INLET (Evans and Pol ing,   1975)  

Heavy Metal  Concentrat ion 

E 1 ement (ppm) 

cu 700 

Mn 6 50 

Cr 140 

Zn 80 

Mo 40 
co 20 
N i  20 

Pb 20 

As 5 

Cd 3 
Hg 0.03 

2 10 
P a r t i c l e  S i z e  ( M i c r o n s )  

I00 

FIGURE 3 TYPICAL  S IZE   D ISTRIBUTION OF TAILINGS 
SOLIDS  DISCHARGED  INTO  RUPERT  INLET 
(Evans  and Pol ing,  1975 
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In  1976 Utah Mines Ltd. increased the capacity of the marine 
o u t f a l l  by instal 1 i ng a larger diameter  pipe1 i ne and has obtained a 
Provincial P o l l u t i o n  Control Branch permit t o  increase the average annual 
da i ly  effluent volume from 9.3 t o  16.0 mi l l ion  Imperial gal lons 
(82,000 m 3 ) .  

2.2.3 Waste Rock Disposal . Wi t h  an open-pi t operation, 1 arge 
quan t i  t ies of waste material are generated d u r i n g  exposure of the ore 
body. A t  the Island Copper  Mine, approximately 3.0 tons o f  waste 
material , comprised largely of crushed rock, f ine sand, and si1 t are 
produced for every ton of ore mined.  Most of this waste material 
(approximately 114,000 tons per day) i s  transported t o  a dump s i te  located 
a1 ong the shore of Rupert Inlet adjacent t o  the p i t .  The present 1 ocation 
and area of the waste dump i s  shown i n  Figure 4. 

Utah Mi nes Ltd .  has obtained a Provincial foreshore 1 ease t o  
extend  the dump area i n t o  Rupert Inlet, t o  occupy  some 700 acres (283 ha) .  
The f inal  dump crest and area of the foreshore lease  are shown i n  Figure 4. 

2.3 Environmental  Programs 

2.3.1  Pre-Operational Studies. On the basis o f  pre-operational 
studles, Utah Mines Ltd .  concluded t h a t  marine t a i l i n g s  disposal was an 
acceptable method of disposal from an environmental standpoint and i n  the 
case of Rupert Inlet, the most preferable. In their brief to  a Provincial 
Pol 1 u t i o n  Control Board pub1 i c  inquiry ( U t a h ,  1971 1 ,  the company 
maintained t h a t :  (1) tailings  solids, i f  discharged directly i n t o  Rupert 
Inlet, would generally remain  below a depth of 100 meters; ( 2 )  solids 
would flow as density current down the s loping  bed of Rupert Inlet t o  
settle i n  the deeper portions of the inlet, and; ( 3 )  by cessation of the 
mine operation, the to t a l  deposition would be about 1,600 acres (647 ha)  
and would equal one-tenth of the volume of Rupert Inlet. I t  was also 
understood t h a t  deposits would eventually extend into Holberg Inlet. 

A1 though recognizing the strength of t i d a l  currents through 
Quatsino Narrows, Utah Mines Ltd. concluded t h a t  the deposits of tailings 
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It was general ly  understood  during  discussions  between  Utah 

Mines  Ltd.  and  the  Federal  Department o f  F i she r ies   t ha t   accep tance   o f  
mar ine   t a i  1 i ngs d i   sposal   would  resul t  i n   t h e   r e d u c t i o n ,  i f  n o t   t o t a l  

e l  imi nat ion ,   o f  many marine  organisms 1 i v i  ng i n  the  deeper   por t ions  o f  

both  Rupert and Holberg  in lets.   Utah  Mines  Ltd.   stated i n   t h e i r   b r i e f  

t ha t ,  ' I . .  . the  bottom  fauna  of  the  Rupert-Hol  berg  system i s  dominated  by 

marine worms. I n   t h e  deeper por t ions  they  form  over  70% o f   t h e  animal 

p o p u l a t i o n   i n  numbers  and the   bu lk   o f   the  biomass." It was a l so   s ta ted  

t h a t ,  'I.. . the  balance  of   the  animal  populat ions on the  bottom  of   Rupert  

I n l e t   c o n s i s t s  o f  small  clams,  shrimp-like  animals and  a  number of 
r e l a t i v e l y   m i n o r  groups." 

A1 though  recogniz ing  that   there  would be some de le te r i ous  

e f fec ts   t o   t he   bo t tom  fauna  o f  Rupert   In let ,   the  Federal   Department  of  
F isher ies  accepted Utah Mines Ltd.  I s  proposal t o  d i s c h a r g e   d i r e c t l y   i n t o  

Ruper t   In1  e t .   Th is   dec is ion was under taken   t o   p reven t   t he   po ten t i a l   f o r  

b io log i ca l   l each ing  and  subsequent r u n - o f f  o f  t o x i c  heavy m e t a l s   i n t o  
surface  waters  of   the  watershed, i f  t h e   t a i l i n g s   s o l i d s  had  been s tored 
on ad jacen t   l and .   Ea r l i e r   t es ts  o f  I s l a n d  Copper o re  samples  had 

i n d i c a t e d  an ac id   genera t i on   po ten t i a l  , and t h e   r e s u l t a n t   b i o l o g i c a l  
r e l e a s e   o f   t o x i c  heavy metals  would have presented a ser ious   hazard   to  

l o c a l  salmon stocks and o t h e r   r e s i d e n t   b i o t a .  However, concurrence  wi th  

Utah  Mines  Ltd. I s proposal was based on t h e   b e l i e f   t h a t   t a i l  i ngs s o l   i d s  

woul  d remain  bel ow the  depth o f  100  metres, as i n d i c a t e d  by the  company's 

environmental  impact  statements  contained i n   t h e i r   b r i e f   t o   t h e   P o l l u t i o n  

Control  Board  (Utah, 1971 , and t h a t   t h e   s h a l l  ower,  more product ive  areas 

would  not  be contaminated. 
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2.3.2 Post  Start-up  Studies.  

2.3.2.1 By f e d e r a l   a g e n c i e s .   I n i t i a l l y ,   f o l l o w i n g   t h e  mine s ta r t -up  

i n  1971 , Environment Canada car r ied   ou t   per iod ic   surveys   to   mon i to r  

t a i l i n g s   d i s t r i b u t i o n  and movement i n   r e l a t i o n   t o   p r e - o p e r a t i o n a l  

p red ic t ions .   Observa t ions   ind ica ted   tha t  suspended s o l i d s  emanating 

f rom  the mil 1 o u t f a l l  were  not   d ispers ing as p red ic ted  by  Utah  Mines 
Ltd., and tha t   i nc reased   sed imen t   depos i t i on   cou ld   resu l t   i n  

detr imental   impact on wa te r   qua l i t y  and aquat ic l i f e  forms i n  shal lower 
more productive  areas. 

To t e s t   t h i s   p r o p o s i t i o n ,  emphasis  during  the  studies was 

d i rec ted   to   de termin ing   the   magn i tude  o f   tu rb id i ty  wi th in   t he   wa te r  

co l  urm and t h e   r e s u l t a n t  m i  ne sed imen t   depos i t i on   w i th in   t he   i n te r t i da l  
and sha l low  subt ida l  zones.  Simultaneously,  the  physical  impact 

on t h e   r e s i d e n t   b i o t a  and heavy   meta l   con taminat ion   o f   in te r t ida l  

s h e l l f i s h  were i nves t i ga ted .  

I n   c o n j u n c t i o n   w i t h   t h i s   s t u d y ,   c u r r e n t  measurements  were 
taken i n  the   a rea   o f   Hank in   Po in t  by Ocean and Aquatic  Sciences, 

Environment Canada, i n   A p r i l  , 1974. 

2.3.2.2. By independent  agents. I n  accordance w i th   t he   p rov i s ions   o f  

the  Pol lu t ion  Contro l   permi t ,   Utah  Mines  L td.  i s  r e q u i r e d   t o   c a r r y   o u t  

an environmental moni t o r i ng   p rog ram  under   t he   d i rec t i on   o f  an 

independent  agent. In   February,  1971, the  ro le   o f   independent   agent  

was  assumed by an i n t e r d i s c i p l i n a r y  team o f   f a c u l t y  members f rom  the 
U n i v e r s i t y   o f   B r i t i s h   C o l u n b i a  and t h e   U n i v e r s i t y   o f   V i c t o r i a .  The 

ob jec t ive   o f   the   p rogram was t o   d e t e c t   s i g n i f i c a n t  changes t o   t h e  

physical,   chemical and b i o l o g i c a l   c o n d i t i o n s   o f   t h e   r e c e i v i n g  

env i ronment   a t t r ibu tab le   to   the   min ing   opera t ion .  An o u t l i n e  o f  the 

program i s  presented i n  the   "Re la t ionsh ip   to   Other   S tud ies"   a t   the  end 

o f  t h i s   r e p o r t ,  see  pages 60 t o  69. D e t a i l  s of  the  program may be 
ob ta ined  f rom  the   D i rec to r  o f  Po l l u t i on   Con t ro l ,   Po l  1 u t i on   Con t ro l  
Branch, Min is t ry   o f   Env i ronment ,   Prov ince   o f   Br i t i sh   Co lur rb ia ,  

V i c t o r i a ,  B.C. (Po l l u t i on   Con t ro l   Pe rm i t  No. 379). 
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3 MATERIALS AND METHODS 

3.1 Areas o f  Surface Turbid i ty  

On August  3, 1973, and May 8 and 9, 1 974,   aer ia l  v i  sua1 
observations and photographic  recordings  (using a Beaver   f loatplane)  were 
c a r r i e d   o u t   t o  determine the extent of s u r f a c e   t u r b i d i t y .   F l i g h t s  were 
made over Rupert I n l e t ,  Holberg I n l e t  and Qua t s ino  Sound. A 35 mm Asahi 
Pentax  camera equipped w i t h  col   our   f i lm and po la r i z ing  f i l  ters was used' t o  
take  oblique  photographs of the a f f ec t ed   a r eas .  A nunher of these 
photographs  appear  as  "Plates" (see pages 72 t o   7 9 )  i n  this r epor t .  

In  August  1973, f l i gh t s  were made during the l a t t e r   p a r t  of a 
flood t ide ;  on May 8, 1974, they took  place dur 
s t ages  of a f lood  t ide  and on May 9 ,  d u r i n g  the 

3.2 Depth of  Subsurface  Turbidity 

i ng the e a r l y  and 
l a t t e r   p a r t  of  an 

l a t e  
ebb tide. 

3.2.1  Transmissometer  Profiles. The v e r t i c a l  extent of subsurface 
turb id i ty  was determined using a Hydro Products 612-S transmissometer. 
This instrument measures the a t t enua t ion  of l ight   passing  through a colutm 
o f  water, and the values  expressed  as  percent l i g h t  transmission  provide a 
r e 1   a t i  ve measure of w a t e r   c l a r i t y   o r   t u r b i d i  ty. The transmi  ssometer, 

equipped w i t h  a one-metre l i g h t  path, was lowered  toward the bottom by a 
hydrographic winch and held a t  5 -met re   depth   in te rva ls   for  a s tandard ize  
t ime  in te rva l ,  a t  each depth ,  before   readings were obtained. 

Transmissometer  profiles were t a k e n   r o u t i n e l y   a t   f o u r  test  
s t a t i o n s :  two i n  Rupert In le t ;   one   near  the northern end of Quatsino 
Narrows;  and  one i n  Holberg I n l e t ;  on  Novenher 8, 1973, April 23, 1974, 
and May 22 t o  June 10, 1974. 

On J u l y  16, 1976, t ransmissometer   prof i les  were taken i n  Rupert 
I n l e t   ( S t a t i o n  T-2)  s p e c i f i c a l l y  to  determine any v a r i a b i l i t y  of t u r b i d i t y  
d u r i n g  a t i da l   cyc le .  
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The 5-metre  depth  interval   technique was used f o r   a l l  

measurements except  those  taken on November  8, 1973, when 10-metre 

i n t e r v a l s  were  used. Any s i g n i f i c a n t  changes i n  p e r c e n t   t r a n s m i s s i b i l i t y  

which  occurred  between  these  depth  intervals  were  also  recorded. The 

inst rument  was c leaned  and  ca l ibrated  before each s e r i e s   o f   p r o f i l e s .  

I n   A p r i l ,  1974, comparat ive  tests   were  carr ied  out   us ing  the 

Hydro  Products 612-S transmi  ssometer and  a s im i la r   i ns t rumen t  employed by 

Dobrocky  Seatech  Ltd., a consu l t i ng  firm r e t a i n e d  by Utah  Mines  Ltd.  Test 

r e s u l t s  were s im i la r   f o r   bo th   i ns t rumen ts .  

3.2.2 Underwater  Observati ons. Vi sua1 observa t i ons   o f   t u rb i   d i  t y  

w i th in   the   water  column i n  Ruper t   I n le t ,   Ho lbe rg   I n le t ,  and Quatsino Sound 
were made from  the  submersible,  Pisces IV, i n  February, 1975. V i s i b i l i t y  
under 2 metres was estimated  from known distances  along  exter ior   equipment 

mounted  on t h e   f r o n t  o f  the  submersible. I n  addi t ion,   est imates  o f   water  

c l a r i t y  a1 ong the  shore1  ine  were made during  underwater SCUBA surveys 

c a r r i e d   o u t  between  1970  and  1975, i n  var ious  reg ions o f  R u p e r t   I n l e t  and 

contiguous  areas. 

3.3 Par t i c l e   S i ze   Ana lys i s  

P a r t i c l e   s i z e   a n a l y s i s  was c a r r i e d   o u t  on water samples 

c o l l e c t e d   d u r i n g   t h e   A p r i l  , 1974, transmi  ssometer  survey.  Water  samples 

were  obtained  from  three  depths a t  each t ransmissometer   s ta t ion:   the 

water   sur face;   the  depth  a t   which a marked r e d u c t i o n   i n   t r a n s m i s s i b i l i t y  

occurred,  generally  between 30 and 50 metres;  and  near  the  bottom  of  the 

i n l e t .  Samples were  shaken v igo rous l y  and  passed  through 4 4 ~  N i  t ex  

n e t t i n g   t o  remove d e t r i t u s .   P a r t i c l e s ,  assumed t o  be s p h e r i c a l   f o r   t h e  

ca l cu la t i ons ,  were  counted  using a  Model 'IB" Coul t e r  Counter  to  determi ne 

the number and s i z e   o f   p a r t i c l e s   i n  each  sample. A 5@m aper ture was used 

f o r   p a r t i c l e  volumes ranging from 4um3 t o  60pm3, and a 1OOum a p e r t u r e   f o r  

those  ranging i n  volume from 58pm3 t o  984um3. The tubes  were  cal i bra ted  
u s i n g   l a t e x   p a r t i c l e s  and paper   mulberry   po l len as o u t l i n e d   i n  Sheldon  and 

Parsons ( 1967). 

c 
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Sediment  samples f o r   p a r t i c l e   s i z e   a n a l y s i s  were c o l l e c t e d  by 

SCUBA d i v e r s  from Hanki  n P o i n t   i n   J u l y  and  December,  1975, and  from  Thorp 
P o i n t   ( H o l   b e r g   I n l e t )   i n  December,  1975. Ana lys i s   o f   t he   Ju l y  samples 

from  Hankin P o i n t  was conducted  by B.C. Research  Council  using  wet  sieve 

(Wentworth - Udden Series)  and Bahco m ic ro -pa r t i c l e   s i ze   ana lys i s .  The 

p a r t i c l e   s i z e  range  tested was from 3um t o  4,000pm. Samples obtained i n  
December,  1975, were  analyzed a t   F i s h e r i e s  and Environment Canada, West 

Vancouver Laboratory   us ing  the U.S. Standard  Sieve  series  between -43um 

and +2,00Oum. 

3.4 D i  s t r i   b u t i  on  and B i  o l   og i ca l   Impac t   o f  M i  ne-Deri  ved  Sediment 

Deposits 

3.4.1 Ponar  Grab  Sampling. Grab sampling has  been  conducted 
p e r i o d i c a l l y   s i n c e  November,  1971, t o   m o n i t o r   t h e   d i s t r i b u t i o n   o f  mine 

sediment  deposits i n   t h e  deeper  waters  of  Rupert and Ho lbe rg   i n le t s .  
Samples were ob ta ined  w i th   a  0.092 m2 Ponar  grab.  Presence o f   t a i l  i ngs 

deposi ts  was detenni ned v i  sua1 l y  by  comparing t h e i r   l i g h t  g rey   co lour   to  
the  1 i ght  brown/ol ive  green  col   our  of   the  natural   sediment.   This method 

o f   d is t ingu ish ing   mine-der ived   sed iments  from natural  sediments  has been 

employed e f f e c t i v e l y  by o ther   workers   inves t iga t ing  submerged t a i l i n g s  

deposi ts  (Thompson and McComas, 1974; Thompson and  Paton,  1975). Whenever 
poss ib le ,   the   th ickness   o f   the   depos i t  was e s t i m a t e d   a f t e r   c a r e f u l l y  

unloading  the  grab  sampler.  Estimates  are  approximate  since  the  force  of 

impact by the  Ponar  grab  tends t o  remove a p o r t i o n   o f   t h e   s u r f a c e   l a y e r  

before sampl i ng. 

Ponar  grab  sampling a1 ong the  inshore  areas  proved t o  be 

i n e f f e c t i v e   i n   d e t e r m i n i n g   t h e   a r e a   a f f e c t e d  by mine-derived  sediment 

deposi t ion.   Steep  s l  opes  and p r o t r u d i n g   b e d r o c k   o f t e n   r e s u l t e d   i n   t h e  

i n s t r u m e n t ' s   f a i l u r e   t o  sample. In  these  areas,  v isual   observat ions  were 

found  to be the   most   e f fec t i ve  method i n  determin ing  the  area  o f  m i  ne 

sediment  deposits. 
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3.4.2 Underwater  Observations. SCUBA d iv ing  techniques have  been 

employed in   t he   s tudy   s ince   Ju l y ,  1970, t o   de te rm ine   t he   ex ten t   o f  
mine-derived  sediment  deposit ion i n   t h e   i n t e r t i d a l  and sha l low  subt ida l  

zones. These SCUBA techniques  were  a lso  employed  for   the  qual i tat ive 

de terminat ion   o f   the   e f fec ts   o f   m ine   sed iment   depos i t ion  on the   benth ic  
mar ine   b io ta   i nhab i t i ng   t he   i nsho re   a reas .  Maximum depth   o f   the   d ives  was 

20 metres.  Underwater  photographs  were  taken  using a 35 mm Asahi  Pentax 

camera  and a Hassel  bad 500 cm ( w i t h  a 50 mm Zeiss  Distagon  lens)  housed i n  

underwater  cases. V is ib i l i t y   permi t t ing ,   underwater   observa t ions   o f   m ine  

sediment  deposit ion and m a r i n e   b i o t a   i n   t h e  deep benth ic  zones  were made 

from  the  submersible,  Pisces IV, i n  February, 1975. 

3.5 Heavy Metal   Analysis 

3.5.1 B i  ol og ica l  Samples. C1 ams and mussel s have  been c o l   l e c t e d  

annual l y  s ince  1971 from  areas i n  Rupert  and Hol berg  in1  ets.  Species 

co l l ec ted ,  were Macoma i rus,  Saxi domus giganteus,  Protothaca  stami nea, b&a 
arenar ia ,  and M y t i l u s   e d u l i s .  Samples were   f rozen  p r io r   to   ana lys is .  The 

t i s s u e  heavy metal  analyses  were  performed by t h e   F i s h e r i e s  and 

Environment Canada Laboratory  i n  West Vancouver. Tissue  samples  were 

analyzed  for   copper (Cu and z i  nc (Zn) . 
Copper  and zinc  analyses  were  performed on the  whole body t i s s u e  

as f o l l  ows: 

- whole  t issue  samples  were  dr ied  for  48 hours a t  llO"C, then 

ground i n  a mortar  and pes t l e ;  

- one-gram p o r t i o n s  were  then  digested i n  10 m l  o f   concent ra ted  

n i t r i c   a c i d   f o r   a p p r o x i m a t e l y  6 hours; 

- samples  were made up t o  100 m l  by  addi ng d i   s t i  1 1 ed  water and 

were  then  analyzed  with a J a r r e l l  Ash atomic  absorpt ion 

spectrophotometer; 

- r e s u l t s ,   w i t h  a p r e c i s i o n   o f  - +10 percent,  were  expressed on 

bo th  a wet and dry   weight   bas is .  
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3.5.2 Sediment Samples.  Trace element a n a l y s i s  was conducted on 
intert idal   sediment  samples  collected  from Hanki n Poin t  and Thorp Point  i n  
December,  1975.  Samples  were air-dr ied  under   cover ,   d isaggregated,  and 
sieved  through an 80-mesh nylon  sieve (2 .5  ph i  1 These samples  were 
forwarded  to Dr. K .  F1 e t c h e r  (University o f  British Col u n b i  a )  where  they 
were digested i n  a 4 : l  n i  t r i c -perchlor ic   ac id  mixture, evaporated  to  dry- 
ness over an a i r -ba th ,   t aken  up i n  1.5 M HC1, and  analyzed  for the t o t a l  
concentrat ion of copper ( C U I ,  z inc  ( Z n ) ,  l ead  ( P b ) ,  cadmium ( C d ) ,  
manganese ( M n ) ,  nickel (Ni),  coba l t   (Co) ,  and i ron  (Fe) w i t h  a 
Perki n-El mer 303 atomic  absorption  spectrophotometer. 
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4 RESULTS AND DISCUSSION 

4.1 Del e t e r i  ous E f f e c t s   o f   T u r b i d i t y  and  Sedi  mentation 

Some degree o f   eco log ica l  damage i s  unavoidable wi th  any on-land 

or  underwater  system  of  mine  waste  disposal. B.C. Research  Council  (1970) 

a f t e r   r e v i e w i n g   t a i l  i ngs d i  sposal  methods , po in ts   ou t   t ha t   t he   eco l   og i ca l  
damage caused by underwater  disposal  can be much more ex tens ive   than  tha t  

o f  a land  appl  i ca t ion ,  because o f  the   g rea ter   a rea   invo lved and the 

e x i s t i n g   p o t e n t i a l   f o r   w i d e r   d i   s t r i b u t i o n   o f  suspended s o l i d s .  They 

concluded  that   the  major  problems  associated  wi th an underwater e f f l   u e n t  

d ischarge  were   tu rb id i ty  and sedimentation,  which may produce  the  fo l lowing 

p r i n c i p a l   e f f e c t s :  
( a )   t u r b i d i t y   c a n   r e d u c e   t h e   p e n e t r a t i o n   o f  1 i gh t   t h rough   the   wa te r  

medium, thereby   inh ib i t ing   the   na tura l   g rowth  and p r o d u c t i v i t y   o f  

l ight-dependent  aquatic  organisms,  which  can  result i n   p o p u l a t i o n  

deplet ion.   This,  i n  tu rn ,   d is rup ts   the   food  cha in   o f   la rger   mar ine  

species  which  rely  on  these  organisms as  a food  source. The 

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

therefore  magni f ied;  

(b )   sed imenta t ion ,   the   phys ica l   depos i t ion   o f  suspended  sediment  and 

s o i l   p a r t i c l e s  on the  bottom,  can be det r imenta l  because b e n t h i c   f l o r a  
and fauna become bu r ied  beneath a l a y e r  o f  deposi ted mater ia ls ,  o r  

because t h e i r   h a b i t a t   i s  a1 tered. 

Furthermore, B.C. Research  Counci l   indicated  that   underwater 

t a i l i n g s   d i s p o s a l   c o u l d   r e s u l t   i n  a v a r i e t y   o f   o t h e r   e f f e c t s  such as heavy 

metal  contamination and r e s u l t a n t   t o x i c i t y   i n t e r f e r i n g   w i t h  an organism's 

metabol i c  process, damage to   t he   t i ssues  and  organs of   marine  species  by 

p a r t i c l e   a b r a s i o n ,  and d i s r u p t i o n s   t o   t h e  spawning  and/or  feeding  habi ts  of  

resident  species.  

It i s  commonly recogn ized  tha t   the   ex is tence o f  suspended o r  

d e p o s i t e d   s o l i d   p a r t i c l e s   i n  a marine  environment does no t   necessa r i l y  

c o n s t i t u t e  a de t r imenta l   cond i t ion ,  as  such c i rcumstances  o f ten  occur  



- 20 - 

n a t u r a l l y .  However, i f  t h e   i n t r o d u c t i o n  of a man-made e f f l u e n t   i s  

prolonged and e x c e s s i v e ,   p a r t i c u l a r l y   i n  an area  or  a t  a depth  where 

na tu ra l   cond i t i ons  normal l y  produce 1 ow 1 eve1 s o f  suspended so l   i ds ,  

t h e   r e s u l t a n t  heavy  sediment  loadings  could have a ser ious  impact on the  

e x i s t i n g  ecosystem.  For example, t h e   l o s s   o f   c l e a n   r o c k y   s u b s t r a t e   f o r   t h e  

attachment and growth  o f   res ident   b io ta,   caused by excessive  deposi t ion,  

cou ld  make s u r v i v a l   o f  some species  impossib le   or  my subs tan t i  a1 l y  a1 t e r  

s p e c i e s   d i s t r i b u t i o n  and d i v e r s i t y .  

4.2 Su r face   Tu rb i   d i   t v  

Sur face   v i  sua1 observa t ions   by   the   au thors ,   p r io r   to   the  

development o f   t h e   I s l a n d  Copper  Mine, i n d i c a t e d   t h a t   w a t e r   c l a r i t y  
throughout  the  study  area was normal ly   very  good.  Secchi d i s c  readings 

taken i n   Q u a t s i n o  Narrows o f t e n  exceeded a depth  o f  15  metres. 

D u r i n g   t h e   f i r s t  two years  o f   mine  operat ion,   no  apprec iab le 

changes i n  wa te r   c la r i t y   occu r red   i n   t he   su r round ing   wa te rs ,   excep t   f o r  

some sur face   tu rb id i ty   immedia te ly   o f fshore   f rom  the   was te   rock  dump i n  

R u p e r t   I n l e t .   T h i s   t u r b i d i t y  was a t t r i b u t e d   t o   t h e   e f f e c t s   o f  wave a c t i o n  

along  the  shore1  ine  of   the  waste dump and t o   t h e   d i r e c t  dumping of   waste 

r o c k   m a t e r i a l   i n t o   t h e   i n l e t .  

I n   t h e   s p r i n g   o f  1972, s u r f a c e   t u r b i d i t y  was f i r s t  noted  around 

the   nor thern  end of   Quats ino  Narrows,   p lus a s l i g h t   r e d u c t i o n   i n   w a t e r  

c l a r i t y   w i t h i n   t h e  Narrows i t s e l  f. Per iod i c   i n   na tu re ,   t he   su r face  

d i sco lou ra t i ons  seemed t o   c o i n c i d e   w i t h   t h e   l a t t e r   p o r t i o n s   o f   l a r g e   f l o o d  

t ides ,  an observat ion  which was supported by ve rba l   repo r t s   f rom  l oca l  

res idents .  

The frequency and e x t e n t   o f   s u r f a c e   t u r b i d i t y   s i g h t i n g s   i n c r e a s e d  

i n   t h e   l a t t e r   p a r t   o f  1972  and  the  early  months  of 1973.  Water c l a r i t y  had 

de ter io ra ted   over  a cons iderab le   por t ion   o f   the   s tudy   a rea .   Aer ia l  

photography  on  August 3, 1973, c a r r i e d   o u t   d u r i n g   t h e   l a t t e r   p a r t   o f  a 
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. 
f lood  t i de ,  confirmed affected  areas throughout  Rupert In1 e t  and Quatsino 
Narrows and i n  portions of Holberg I n l e t  and Quatsino Sound extending t o  
the western t i p  of Drake Is1 and. Figure 5 shows the area of the turbidity 
f ie l  d on August 3 ,  1973, and P1 a tes 1 to  8 (pages 72 t o  7 7 )  present aeri a1 
views of turbidi ty di  scol ourations taken on the same date. An example of 
heavy versus l i g h t  turbidity  referred t o  i n  Figure 5, can be identified by 
comparison of P1 ates 1, 7 and 8 (heavy turbidi t y )  and P1 ates 4,  5 and 6 
( l i g h t  turbidity). 

Surface waters i n  many regions had a di s t i  nct grey appearance, 
similar t o  the colour of mine t a i l i n g s .  As Plates 1 ,  2 ,  and 3 indicate, 
the area around H a n k i n  Poin t ,  the mouth of Rupert Inlet and the northern 
entrance t o  Quatsino Narrows,  appeared t o  be the most heavily affected. 
Around the mouth  of Rupert Inlet, 1 arge "turbidity clouds" rose 
periodically t o  the water surface (Plates 1 and 2 ) .  Off Hanki n Po in t ,  
surface di  scolourations were interspersed  occasionally by striations of 
clear water, presumably  caused by upwelling of deeper  non-turbid  water from 
Quatsino Narrows, or by the mixing of waters from the Marble River (Plates 
2 and 3 ) .  

Toward the mine site from the mouth  t o  the eastern end of Rupert 
Inlet, the intensity of surface turbidity  declined, except for the waters 
immediately adjacent t o  the  waste rock dump (Plates 4,  5, and 6 ) .  

Plates 7 and 8 show the extension of t u r b i d  surface waters i n t o  
Quatsino Narrows and of f  Drake Island in Quatsino Sound. The demarcation 
1 i ne  between turbid and comparatively clear waters i n  Quatsi no Sound, shown 
on Figure 5 and Plate  8, i s  t h o u g h t  t o  be  due t o  the intrusion of 
ou t f l  owing waters from Neroutsos Inlet during flood t ide  conditions. 

Further photographic flights over  the  study area were  completed 
on May 8 and 9, 1974, approximately  nine months after the f irst   series of 
flights. The resultant photography i s  shown on Plates 9 ,  10, and 11, see 
pages  78 t o  79. Compari  son of the to t a l  area of the turbidity  fiel d 
existing during the f lood  tide on bo th  widely separated dates,  indicates 
very 1 i t t l e  change i n  i t s  overall  extent. 
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P1 ate 9 ,  taken  during  the early  stage o f  a f lood tide, shows 
turbid  waters, presumably  from the previous t i d a l  cycle, flowing back i n t o  
Rupert Inlet from Quatsi no Narrows.  The turbid waters d i d  not appear t o  
flow northward a1 ong the surface towards Hanki n P o i n t  during the early 
f l  ood tide. During the 1 dtter  part of the f l  ood tide , 1 arge grey-col oured 
"boils" of turbid water  appeared off Hankin P o i n t  (Plate 101, w h i c h  
gradual l y  increased tu rb id i ty  1 eve1 s off the point  and around the mouth  of 
Rupert In le t .  

Johnson (1974) also reported "boils" o f f  H a n k i n  Point .  He 
suggested t h a t  upward pressures below the Narrows  caused by converging 
bottom currents  are of sufficient  strength so t h a t  as  the flood tide begins 
t o  decay, turbid water i s  intermixed i n t o  the higher level water and f i r s t  
appears a t  the surface i n  turbulent "boil  s" .  He further suggested t h a t  
this process would create a vertical sifting-winnowing action which would 
cause the f ine material t o  enter the current flows of the water colum , 
while the coarser material would remain captured i n  deeper  waters u n t i l  a 
dense inf low ( i  .e. , h i g h  salinity water) scours the bottom and carries  this 
material up the inlet. 

P1 ate 11 , taken on May 8, shows a large brown-coloured surface 
zone around the  waste rock dump. This zone extended along the north shore 
towards the head of Rupert Inlet. On the f o l l  owing day, May 9 , turbi d i  ty 
level s had markedly declined throughout the area, under the influence o f  an 
ebb tide. 

4.3 Subsurface Turbidity 

4.3.1 Transmissometer  Surveys. 

4.3.1.1 1973 and 1974 test  results. Transmissometer profiles were 
obtained a t  four offshore stations located i n  Rupert and Holberg inlets 
during one series of tests in 1973, and five  series i n  1974. Figure 6 
shows locations of the transmissometer stations. The percent 
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t r a n s m i   s s i b i l  i ty r e s u l t s   f o r  each s e r i e s   o f   t e s t s   a r e   p r e s e n t e d   i n  

Appendix I .  

The r e s u l t s   i n d i c a t e d   t h a t  by 1973 a subsur face   tu rb i   d i  ty f i  e l  d 

had devel oped th roughout   most   o f   Ruper t   In le t .   T ransmiss ib i l i t y  
decreased  sharply  below a depth   o f  40 metres and  decreased s t i l l   f u r t h e r  

d u r i  ng the   spr ing   per iod .  

F igu re  7 summarizes the   resu l ts   ob ta ined on November 8, 1973. 

A t  S t a t i o n  T-1 , near  the head o f   R u p e r t   I n l e t ,   t r a n s m i s s i b i l i t y   i n   t h e  
upper 40 metres  ranged  from 32% t o  53%; b u t  below 40 metres, i t  decl ined 

r a p i d l y   t o  11% a t  50 metres,  and t o  6% near  the i n l e t  bed a t  90 metres. 

A t  S t a t i o n  T-2, o f fshore   f rom  the  mine s i t e  near  the  center 

channel o f   Ruper t   I n1   e t ,   t r ansmi   ss ib i l  i ty i n  the  upper GO metres  ranged 

from 30% t o  50%; bu t   be l  ow 80 metres,  readings  dropped  to 0% and remained 

a t   t h i s   v a l u e   t o   t h e   b o t t o m   a t  118  metres. 

A t  S t a t i o n  T-3, between  Hankin P o i n t  and the mouth o f   Quats ino  

Narrows, a t r a n s m i s s i b i l i t y  o f  40%  was recorded a t   t h e   s u r f a c e ;   t h i s  

gradual l y  d e c l i n e d   t o  12% a t  110  metres,  approximately 30 metres above 

the maximum bottom  depth i n   t h i s   r e g i o n .   S t a t i o n  T-3 i s   i n f l u e n c e d  by 
t i da l   cu r ren ts   f rom  Qua ts ino  Narrows, possibly accounting f o r  a mre 
gradual   decl ine i n   t r a n s m i s s i b i l i t y   t h a n   t h a t   o b s e r v e d   i n   R u p e r t   I n l e t .  

A t  S t a t i o n  T-4, i n  Hol  berg I n l e t ,   t r a n s m i   s s i b i l  i ty tended t o  
fo l l ow   the  same genera l   pat tern as a t   S t a t i o n  T-1 ( R u p e r t   I n l e t )   f o r   t h e  

upper 40 metres;  however,  below 40 metres  the  readings were s i g n i f i c a n t l y  
h i g h e r   t h a n   a t   S t a t i o n  T-1, 67% being  recorded a t  a dep th   o f  100  metres. 
S t a t i o n  T-4 has a depth  o f  115 metres a t   t h e   i n l e t  bed. Below 80 metres 

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

a l l  s t a t i o n s   i n   R u p e r t   I n l e t .  

On November 8, 1973, a ser ies  o f   t ransmissometer   readings  a t  an 

a d d i t i o n a l   t e s t   s t a t i o n  (T-2A) was establ  i shed off  the  south  shore1 i ne of 

Ruper t   In le t   oppos i te   the  mine s i t e   ( F i g u r e  6 and  Appendix I ) .  Readings 
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a t   t h i s   s t a t i o n  were s i m i l a r  i n  p a t t e r n   t o   t h o s e   o b t a i n e d   a t   S t a t i o n  T-2 

(Ruper t   In le t ) ,   except   tha t   h igher   read ings   o f  18% were  recorded  near  the 

bottom a t   app rox ima te l y  90 metres.   This  indicated  that   subsurface 

t u r b i d i t y   e x i   s t i n g   a t   t h e   c e n t e r   o f   R u p e r t   I n 1   e t  may e x t e n d   t o   i t s  

southern  shore. 

P ro f i l es   ob ta ined   du r ing   t he   sp r ing   o f  1974 ( A p r i l  23 

showed s i m i l a r   t r a n s m i s s i b i l i t y   p a t t e r n s   t o   t h o s e   o b s e r v e d   f i v e  

e a r l i e r .  However,  as F igu re  8 and  Appendix I demonstrate,  the 

t r a n s m i s s i b i l i t y   l e v e l s   o f   t h e   e n t i r e   w a t e r  column i n  Rupert  I n  

much lower  than i n  1973. 

4.3.1.2  Comments. T ransmiss ib i l i t y   reduc t i on   can  be a t t r i b u t  

and 24), 

months 

e t  were 

b l e   t o  a 
number o f  n a t u r a l   i n f l u e n c e s :   i n t r u s i o n  o f  o r g a n i c   m a t e r i a l s   o r   s o l i d s  
from st ream  runof f   o r  wave a c t i o n  on  beaches;   scour ing  act ion  o f   t ida l  

cur ren ts ;   o r   the   p resence  o f   p lank ton  blooms. A l t e r n a t i v e l y ,   o r  

s imu l taneous ly   w i th  some na tu ra l  causes, man-made a c t i v i t i e s  such  as 

d i scha rg ing   m ine   t a i l i ngs   can   reduce   l i gh t   pene t ra t i on   d ramat i ca l  ly .  I n  

t h e   c a s e   o f   R u p e r t   I n l e t ,   t r a n s m i s s i b i l i t y   a t  a1 1 s t a t i o n s   a t   d e p t h s  

greater   than 50 metres was cons is ten t ly   lower   than  the   cor respond ing  

depths a t   t h e   H o l b e r g   I n l e t   t e s t i n g   s t a t i o n .  

L i   t t l e p a g e  " e t  a1 (1972)   repor ted  the  presence  o f  a suspended 
t a i l i n g s   f i e l d   i n   R u p e r t   I n l e t  between the  depths  o f  50 and 100  metres, 
s h o r t l y   a f t e r   t h e   I s l a n d  Copper  Mine  had s ta r ted   ope ra t i on .  

Evans  and Pol i ng ( 1  975) a1 so repor ted   the   ex i   s tence  o f  f i  ne, 

suspended m ine -de r i ved   pa r t i c l es   i n   t he   wa te r  column o f   R u p e r t   I n l e t .  

These par t i c les   p roduced  "mis t - l i ke"   tu rb id i ty   layers   wh ich   reduced  the  

n a t u r a l   l e v e l s   o f   w a t e r   c l a r i t y .  Measurements taken  dur ing a t i d a l   c y c l e  

showed t h a t   l i g h t   t r a n s m i s s i b i l i t y  between the  mouth o f   Q u a t s i  no Narrows 

and Hankin  Point  had  dynamic  and h i g h l y   v a r i a b l e   c h a r a c t e r i s t i c s  (Evans 

and Poling,  1975). 
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. 

However, du r ing   t he   p resen t   s tudy ,   t he   resu l t s   o f   t es ts   ca r r i ed  

o u t   i n   J u l y ,  1976, i n d i c a t e d   t h a t   t r a n s m i s s i b i l i t y   i n  deep water i n  the 

main  body o f   R u p e r t   I n l e t   ( S t a t i o n  T-2)  can  remain r e l a t i v e l y   s t a b l e  

throughout a t i d a l   c y c l e   ( F i g u r e   9 ) .  From the  measurements taken  dur ing 

the   spr ing   equ inox   t ides   (Apr i l  , 1974) , it would  appear t h a t  seasonal 

f l  uc tua t i ons   o f   t ransmi   ss i   b i  1 i ty can  occur , w i  t h  maxi mum t u r b i   d i  ty 

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

4.3.2 Submersible  Observat ions.   Dur ing  the  per iod  February  11  to 14, 

1975, underwa te r   v i sua l   obse rva t i ons   o f   t u rb id i t y   (and   ex i s t i ng   b io ta )  
were  completed i n  a s e r i e s   o f  seven submerged t r a v e r s e s   i n   R u p e r t   I n 1   e t ,  

Ho lbe rg   I n le t ,  and Quats ino  Sound. 

The submersible,  Pisces IVY was used f o r   a l l   t h e   d i v e s ,   t h e  

l o c a t i o n s   o f   w h i c h   a r e   d e p i c t e d   i n   F i g u r e  10. The observat ions  are 

r e p o r t e d   i n  Appendix 11. 

4.3.2.1 Rupert I n l   e t .  Val  ues ob ta i  ned d u r i  ng t ransmi ssome t e r  surveys 

i n  Ruper t   In le t   (1973-74)   appeared  to   ind ica te   tha t   the   upper  30 t o  40 

metres have n o t  been s i g n i f i c a n t l y   a f f e c t e d  by   the   subsur face   tu rb id i ty  

f i e l d .  However, v isual   impressions  obtained  dur ing  submersible  d ives i n  

February, 1975, revea led   tha t   ex t reme  tu rb id i ty   can   ex is t   th roughout   the  
e n t i r e   w a t e r  column. 

Vi s i b i l  i ty near  the  surface  dur ing  two  separate  d ives (Numbers 

295 and  297) a t  the head o f   R u p e r t   I n l e t  was l i m i t e d   t o   a p p r o x i m a t e l y  2 

metres and, below a depth  of  60  metres, t o  about 0.5 metres. The poor 

v i s i b i l i t y  was caused by h igh   concent ra t ions   o f   very   f ine ,  suspended 
pa r t i c l es ,   wh ich  gave  the   en t i   re   water   co l   u rn  a grey-col  oured  appearance, 

best   descr ibed as a "dense  grey  fog". On descent, v i s i b i l i t y  decreased 

g r a d u a l l y   w i t h  no d i s t i n c t   l a y e r i n g   o f   t u r b i d   w a t e r .  A change i n  water 

dens i ty  was noted a t  a depth  o f  25 metres. From 85  metres to  the  bottom, 

the number o f   l a r g e r  suspended p a r t i c l e s   i n c r e a s e d .   V i s i b i l i t y   r e m a i n e d  

the same du r ing   bo th   f l ood  and ebb t ides .  Simil a r   c o n d i t i o n s  were 

encountered a1 ong the  south  shore  o f   Ruper t   In le t   across  f rom  the  Is land 

Copper M i  ne. 
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The presence of excessive t u r b i d i t y  th roughou t  the water column 
does n o t  appear to occur na tura l ly ,  even  under  extreme conditions. In 
August, 1976, submersible observations were carried o u t  near the head of 
Bute Inlet, which  i s  fed by glaci a1 rivers. V i  s ibi l  i ty  near  the surface 
was 1 i m i  ted t o  a few centimeters. However,  bel ow 10 metres v i  sibil i ty  
improved dramatical l y  and this condi t ion  persisted t o  the floor of the 
inlet. 

Possible  explanations fo r  variations between t u r b i d i t y  observed 
from the submersible and transmissometer da ta  include: 

( a )  as the tailings  particles  are mainly quartz,  a certain 
concentration may reduce visibility b u t  not significantly 
restrict  l i g h t  transmission; 

( b )  oceanographic conditions, such as strength o f  t i d a l  

current  or density of incoming water m a y  have varied 
during the time between the submersible and 
transmissometer  surveys. 

4.3.2.2 Holberg Inlet.  Visibility i n  the Holberg Inlet waters was a lso  
very  poor. In the area of Pot  Rock (Dive No. 294) and Straggl i ng Is1  ands 
(Dive No. 2981, visibility was restricted t o  about  2 metres a t  a depth of 
30 t o  50 metres, and 1 metre a t  depths from 90 metres t o  115 metres  near 
the bottom. Condi t ions  improved s l igh t ly  towards the head of the inlet  
where the bottom could be observed  over a distance of abou t  3 metres 
(Dive No. 299).  The suspended particles were brown i n  colour and 
larger than those  observed i n  the upper  portion of the  water  col urn i n  
Rupert Inlet. The water column i n  Holberg Inlet lacked the grey-coloured 
appearance  observed i n  Rupert In1 et .  The origin of the suspended 
material  could not be determined  from  visual observations; b u t ,  the 
presence of t a i l  i ngs deposi t s  off Pot Rock suggests t h a t  some of the 
suspended  material may have orginated from the  Island Copper  Mine 
d i  scharge. 

4.3.2.3 Quatsino Sound. In comparison t o  Rupert and Holberg inlets, 
the visibility i n  Quatsino Sound, west of Drake Island (Dive No. 3001, 
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8 

was very good throughout   the  ent i re   water  column. V i s i b i l i t y  was 

estimated a t  t imes  to be greater  than  10  metres,  despite  the abundance 
of   zooplankton and i n e r t  suspended mater ia l  i n  the  water. The "dense, 

g r e y   f o g "   e f f e c t   n o t e d   i n   R u p e r t   I n l e t  was absent i n  the   Quats i  no Sound 

d i  ve. 

4.4 P a r t i c l e  S i  ze Analysi  s 

4.4.1 Water  and  Sediment P a r t i c l e  Samples.  Johnson  (1974)  found t h a t  

more than 50% o f   t h e   p a r t i c l e s  by weight i n  the   I s land  Copper Mine 

e f f l u e n t ,   a r e   l e s s   t h a n  medium s i l t   s i z e  (<23.3pm),  and of  these, more 

than 50% a r e   c l a y   s i z e  (<2.0um). 

On A p r i l  23,  1974, water samples  were c o l l e c t e d   f o r   p a r t i c l e  

s i ze   ana lys i s   i n   con junc t i on   w i th   t he   t ransmissomete r   su rveys   a t   s ta t i ons  

shown i n   F i g u r e  6. Samples were  taken at   the  water   sur face,   near   the 

bottom,  and a t  a depth where a s i g n i f i c a n t   r e d u c t i o n   i n   p e r c e n t   t r a n s -  

m i s s i b i l i  ty was recorded. The comple te   resu l ts  of the  Coul ter   Counter 

analyses  are  tabulated i n  Appendix I 11. Table 2 summarizes the 

p e r c e n t a g e   d i s t r i b u t i o n   o f   p a r t i c l e   s i z e s  and i n d i c a t e s   t h a t  80% of   the  

p a r t i c l e s   i n  a1 1 samples, except   those  f rom  Stat ion T-5 ( F i g u r e  61, were 

less   than 5 m i n  diameter. A t  S t a t i o n  T-5, 80% o f   t h e   p a r t i c l e s  were 
less than 6 m i n  diameter. 

I n   J u l y  and  November,  1975, benthic  sediment samples  were 

co l lec ted   f rom  Hank in   Po in t  and  Thorp P o i n t   ( c o n t r o l   s t a t i o n )  by SCUBA 

d i v e r s .   R e s u l t s   o f   t h e   p a r t i c l e   s i z e   a n a l y s i s   a r e  shown i n  Table 3. 

About 75% o f   t he   pa r t i c l es   i n   t he   sed imen t   f rom  Hank in   Po in t   ranged   i n  
s ize  f rom 63 m t o  250 m. This  sediment was l i g h t   g r e y   i n   c o l o u r  compared 

t o  the 1 i g h t  brown  sediment  from  Thorp  Point  (see  Figure 2) .  The 

b r a s s - y e l l o w   c o l o u r   o f   p y r i t e  (FeS 1 p a r t i c l e s   i n   t h e  -125 t o  38 m s i z e  

range was  a1 so noted. 

4.4.2 P a r t i c l e  Suspension Cr i t e r i a .   Tab le  4 (abs t rac ted   f rom  the  
Handbook of   Mineral   Dressing  [Taggart  , 19641) shows the  terminal   ve l   oc i  ty 
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TABLE 2 PARTICLE  SIZE  ANALYSIS - WATER SAMPLES 

Depth  Diameter   Dis t r ibut ion 

S t a t i o n  ( m) (urn) ( %  1 

1- 1 
1- 1 
1- 1 

T- 2 
T- 2 
T- 2 

T-3 

T- 3 

T-3 

T-4 
T- 4 
T-4 

T- 5 
T- 5 

0 

30 

70 

0 

50 
90 

0 
20 

150 

0 
40 

100 

0 

30 

1.9 - 4.8 
1.9 - 4.2 
1.9 - 4.8 

1.9 - 4.8 
1.9 - 4.2 
1.9 - 4.8 

1.9 - 4.2 
1.9 - 4.2 
1.9 - 4.8 

1.9 - 4.2 
1.9 - 4.2 
1.9 - 4.8 

1.9 - 6.0 
1.9 - 6.0 

81.4 
87.3 
85.4 

82.8 
82.8 
80.5 

84.7 
82.7 
79.8 

80.7 
89.9 
87.6 

82.8 
81.8 
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T A B L E  3 PARTICLE SIZE ANALYSIS - B E N T H I C  SEDIMENT SAMPLES 

Weight Percent o f  Sample 
Particle  Size Range 

(urn) 
Hanki n P t  Hanki n P t  .2 Thorp P t ?  

+zoo0 

-2000+1000 

-1000+500 

-500+250 

-250+125 

-1 25+63 

-63+4 3 

-4 3 

0.6 

0.4 

0.5 

1.1 

28.5 

48.5" 

11.5 

0.6 

3.1 

2.4 

1.1 

2.4 

42.4 

30.8 

4.2 

13.6 

20.9 

19.3 

18.9 

13.2 

12.4 

7.4 

1.1 

6.8 

1 - Sample collected  in  July, 1975, analyzed by B.C. Research Council, 
sediment l igh t  grey colour 

'- Sample collected  in November, 1975, analyzed by Environmental 
Protection  Service 

- Sediment l i gh t  brown colour 

* - Sample size between -125+38 m showed  some pyrite col our 
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TABLE 4 TERMINAL VELOCITIES OF QUARTZ AND GALENA 
FREE  SETTLING I N  UATER AT 20°C 

Termina l   Ve loc i ty   Par t i c le   D iameter  - urn 

cm sec knots   Quar tz  Galena 
- 1  

0.01" 

0.05* 

0.126 

0.505 

1.468 

1.980 

5.008 

8.028 

11.009 

15.031 

18.057 

0.0002 

0.001 

0.002 

0.01 

0.03 

0.04 

0.10 

0.15 

0.21 

0.29 

0.35 

10 

23 

34 

77 

120 

230 

52 0 

860 

1230 

1680 

1970 

5 

13 

20 

41 

72 

103 

17 0 

28 0 

36 0 

460 

580 

*Extrapolated  by Dr. C. Guarnaschel li , Environmental  Protection  Service. 

. 
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of  quartz and galena.  Data on t h i s   t a b l e   s u g g e s t s   t h a t  a v e r t i c a l  

v e l o c i t y   o f  0.0002 knots  (0.01 cm sec- l )  will m a i n t a i n   t a i l i n g s   p a r t i c l e s  

less  than 10 m diameter i n  suspension.  Moreover, v e r t i c a l   c u r r e n t s   o f  

0.04 knots  (1.98 cm sec- l )  will m a i n t a i n   a l l   q u a r t z   p a r t i c l e s   l e s s   t h a n  

230 m i n  suspension. Thus silt and c lay   f rac t i ons   s im i l a r   t o   t hose   f ound  

i n   t h e   I s l a n d  Copper Mil 1 e f f l u e n t  (Johnson, 19741, will remain suspended 

by v e r y   s l i g h t   c u r r e n t   v e l o c i t i e s .  

4.5 T ida l   Currents  

Johnson  (1974)  reported  that   the  ' 'base"  up- in let   current 

ve loc i ty   near   the  bed o f   R u p e r t   I n l e t  was 0.12 knots  (10 cm sec- l ) .  

Maximum u p - i n l e t   v e l   o c i  ty was about 1.75 kno ts  (90 cm 1, 
approx imate ly   tw ice  the maximum down- in le t   ve loc i ty .   Johnson  postu la ted 

t h a t   u p - i n l e t   c u r r e n t s   o f  up t o  6 knots  (300 cm sec- l )   could  occur i f  the 

dens i ty  o f  the  incoming  water  from  Quatsino  Narrows  exceeded  the  density 

of the  water  near  the  bottom  of   Rupert   In let .   Both  Johnson  (1974) and 

Drinkwater  (1973)  concluded  that   these  unusual ly  strong  currents a1 ong 

the   bo t tom  o f   Ruper t   In le t   were  caused by t h e   i n t r u s i o n   o f   h i g h e r   d e n s i t y  

water  from  Quatsino  Narrows. The depth  to  which  these  currents 

penetrated was dependent  upon  the  difference i n   d e n s i t y  between  the 

incoming  water and tha t   o f   Ruper t   In le t .   Th is   be ing   the   case,   bo t tom 
cur ren t   ve loc i t ies   wou ld   vary   accord ing   to   the  season and dens i ty  o f  the  

water i n   Q u a t s i n o  Sound. 

Johnson  (1974) a1 so s tates:  "Maximum w innow ing   o f   t he   t a i l i ng  

by  bottom  current  occurs i n  Rupert gap w h i l e   c u r r e n t s   s t a r t i n g   a t  

Quatsino  Narrows will cont inue  to   e rode  ta i l ing   f rom  be low  the  Narrows. 

An est imated 7.5% o f   t h e   t a i l i n g  have  been moved up  Hol  berg I n l e t .  These 

ta i l i ng   a re   be l i eved   l a rge l y   t he   resu l t   o f   t u rbu lence   be low  the  Narrows 

r a i s i n g   t a i l i n g   h i g h e r   i n   t h e   w a t e r  column f o r   t r a n s p o r t  up i n l e t  by 

cur ren ts .   Turb id i ty   caused  by   very   f ine   ta i l   ing   i s   commn  th rough much 

o f   the   water  column and th roughout   the   bas in   to  beyond the   S t ragg l ing  

Islands.... A f t e r  mine a c t i v i t y  ceases,  bottom  currents will cont inue  to  

attempt  to  excavate  the  area  beneath  the  Narrows  to i t s  present  depth." 
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Recent   cur ren t  measurements  (Apri l-May,  1974)  by  Fisheries and 

Environment Canada ( S t u c c h i  and  Farmer,  19761,  recorded maxi mum c u r r e n t  

v e l o c i t i e s   o f   f r o m  1 t o  3 k n o t s  ( 5 1  t o  154 cm s e c - l )   w i t h i n  5 metres  of 

the  bottom  between  Hankin  Point  and Quats ino  Narrows.   Bot tom  currents  

were o f ten   g rea te r   t han   t hose  measured  near  the  surface o r   a t  a d e p t h   o f  

70 metres. 

The h o r i z o n t a l   c u r r e n t   v e l o c i t i e s  measured  between  Hanki n P o i n t  

and Q u a t s i n o   N a r r o w s   a r e   c a p a b l e   o f   l i f t i n g  and re-suspending  benthic 

deposi ts   which move in to   t he   a rea .   Observa t i ons   o f   upwe l l i ng  and the  

e v i d e n c e   o f   " t u r b i d i t y   c l o u d s "   o f f   H a n k i n   P o i n t ,   s u g g e s t   t h a t   t h e  

currents   possess a s t r o n g   v e r t i c a l  component i n   t h i s   r e g i o n .  On the  

bas is  o f  p a r t i c l e   s i z e   d i s t r i b u t i o n   o f   r e c e n t   d e p o s i t s   o f f   H a n k i n   P o i n t ,  
t h e   v e r t i c a l   c u r r e n t   v e l o c i t y  must have  been a t   l e a s t  0.1 knots  (5.1 

cm sec-1) f o r   t h e   p a r t i c l e s   t o  have  been  t ranspor ted  upward  in to   the 

i n t e r t i d a l  zone. 

4.6 Sources  and D i s t r i b u t i o n   o f  Suspended  Sol i d s  

Two s o u r c e s   o f   p a r t i c u l a t e   m a t t e r   f r o m   t h e   I s l a n d  Copper  Mine 

wh ich   a re   capab le   o f   caus ing  a s u b s t a n t i a l   i n c r e a s e   i n   t u r b i d i t y   i n  

rece iv ing   waters   a re   the   was te   rock  dump and the  mil 1 e f f l  uent. 

From v i  sua1 observa t ions ,   the  suspended  sediment  from  the  waste 

rock dump appeared t o  be c o n f i n e d   m a i n l y   t o   t h e   n o r t h   s h o r e   o f   R u p e r t  

I n l e t .  The more s i g n i f i c a n t   s o u r c e   a p p e a r e d   t o  be the mill e f f l u e n t ;  

more s p e c i f i c a l l y ,   t h e   b e n t h i c   t a i l i n g s   d e p o s i t s   l o c a t e d   o f f   H a n k i n  

P o i n t ,   w h e r e   t h e   s u r f a c e   t u r b i d i t y   f i e l d  was centered. 

L a r g e   " t u r b i d i t y   c l o u d s "   ( P l a t e  2 )  a t   t h e  mouth o f   R u p e r t   I n l e t  

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

Narrows.  Both  the  col  our and apparen t   concen t ra t i on   o f   ma te r ia l  s i n  

these  "c louds"   suggest   tha t   the  suspended p a r t i c l e s   o r i g i n a t e   f r o m  

b e n t h i c   t a i l i n g s   d e p o s i t s   n e a r   H a n k i n   P o i n t .   T h i s   o b s e r v a t i o n  was 

strengthened by n o t i n g   t h a t   s u r f a c e   t u r b i d i t y   a t   t h e  mouth o f   Ruper t  

I n l e t   d i d   n o t   o c c u r   u n t i l   b e n t h i c   d e p o s i t s  had  reached  the  area  off  
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Hankin  Point; and a1 though a subsurface t u r b i d i t y   f i e l d  developed  short ly 

a f t e r  commencement o f  mill opera t ions   (L i   t t lepage - e t  " a1 19721, the  

"clouds"  were  not  observed  unti l  August, 1973. Had the  ' 'c louds" 

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

deposits,  they  shoul d have  appeared much ea r l  i er.  

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

appears t o  come d i rec t l y   f rom  the   m ine   ou t fa l l .   Du r ing   t he   pe r iod  May 10 

t o  22, 1974, the   Is1  and  Copper Mine was shut down  due t o  a labour  

dispute.  The mine resumed produc t ion  on May 22 u s i n g   o n l y   t h e   t a i l i n g s  

discharge;  waste  rock was n o t  dumped i n t o   R u p e r t   I n l e t   u n t i l  May 31. 

Th is   a f fo rded  the   oppor tun i ty   to  measure t r a n s m i s s i b i l i t y   d u r i n g  

shut-down and start-up  periods.  Transmissometer  results  are shown i n  

F igu re  11 and Appendix I ( t r a n s m i s s i b i l i t y   i n   R u p e r t   I n l e t  [T-21). 

A f te r   twe lve  days o f  no e f f luen t   d ischarge (May 22)  , 
t r a n s m i s s i b i l i t y   a t   S t a t i o n  T-2 j us t   o f f sho re   f rom  the  mine s i t e  had 

improved s l i g h t l y   i n  comparison to  readings  obtained i n  the  prev ious 

month. W i th in   s i x  days fo l lowing  resumpt ion of t a i l i n g s   e f f l u e n t  

d ischarge,   t ransmiss ib i l  i ty had returned  to   the  pat tern  observed 

prev ious ly   dur ing  normal  mine discharge,  i.e., a marked r e d u c t i o n   i n  

t ransmi   ss ib i l  i ty be l  ow 40 metres.   This  indicates  that  some o f   t h e  
t a i l i n g s   e f f l u e n t  had remained i n  suspension a t  the p o i n t  o f  discharge 

and may have  been respons ib le   f o r  a p o r t i o n   o f   t h e   t u r b i d i t y   o b s e r v e d   i n  

the  lower  depths of Ruper t   I n le t .  Upon resumption  of  the  waste  rock 
dumping, t r a n s m i   s s i b i l  i ty i n  the  upper  port ion  of   the  water  column  at  

S t a t i o n  T-2 became h igh l y   va r iab le .  

I t  should be n o t e d   t h a t   t u r b i d   " b o i l s "  were  observed o f f  Hankin 

Po in t  on May 22, a f t e r   t w e l v e  days o f  no waste  discharge. I n  a1 1 

probabi 1 i t y  , t u r b i d i  ty w i  11  continue as long as benth ic   depos i ts   a re  

present i n   t h i s   r e g i o n  and p o s s i b l y   f o r  a considerable time a f t e r   t h e  

I s l a n d  Copper Mine has closed i t s  operat ion.  
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4.7 Mi ne Sediment Deposition 

4.7.1 Ponar  Grab Sampling Data. Observations of surface t u r b i d i t y  
revealed t h a t  mine sediments were being widely distributed by t i d a l  
currents. The presence of abnormally h i g h  concentrations of suspended 
sediment  throughout  the  water column i n  Rupert In le t  suggested tha t  
deposition i s  t a k i n g  place a t  a1 1 depths. The distribution of  mine 
sediments on the bottom as determined by Ponar grab sampling since 
November, 1971, are  shown i n  Figures 12  to  15. Results  are  presented i n  
Appendix IV. 

Mine sediment deposits  greater  than 2.5 cm i n  thickness have 
covered a considerable  portion of b o t h  Rupert and Hol berg inlets  within a 
relatively  short  period. By October, 1973, deposits had covered most of 
Rupert In1 e t  t o  w i t h i n  60 metres o f  the  surface  (Figure 14) .  In some 
regions of Rupert Inlet  deposits extended t o  the shore1 ine. Ponar grab 
samples collected from a depth of 19 metres a1 ong the  south  shore  near 
the mouth  of Rupert In le t  contained ta i l ings  u p  t o  2.5 cm i n  thickness. 
Sediment deposits from the waste rock dump were observed a1 ong the 
shoreline of Rupert In le t  near Red Island. I n  Holberg Inlet   deposits 
extended past Thorp P o i n t ,  a distance of approximately 11 km from the 
Island Copper  Mine. In 1973, no evidence of ta i l ings  was found in grab 
samples taken from Quats ino  Narrows o r  t h e  mou th  of Hecate Cove i n  

Quatsino Sound. These sediment layers had increased i n  thickness by 

1974, as shown i n  Figure 15. Tailings  distribution has been extrapolated 
from grab sample data  collected a t  50 s ta t ions  (not  shown) i n  May, 1974, 
by Thompson and Patton, and a t  19 s ta t ions occupied by the Environmental 
Protection  Service i n  June, 1974. For additional  station  locations and 
chemical del ineation of tailings  deposits,  see Thompson and Patton (1975) .  

Grab sampling surveys i n  1973 and 1974, showed that  the 
majority of deposits between H a n k i n  Point and Quats ino  Narrows  were 
confined t o  a narrow area near center channel (Figures 14 and 15) .  
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The channel  bed on bo th   s ides   o f   the   nar row  depos i t ion   a rea  

consis ted  o f   coarse sand, g rave l   o r   bedrock ,   w i th   on ly  a t r a c e   o f  

t a i l i n g s   s o l i d s ,   t h u s   p r o v i d i n g   e v i d e n c e   t h a t   t i d a l   c u r r e n t s   a r e   s c o u r i n g  

the  bottom i n   t h i s   r e g i o n .  

Chemical  analyses o f  sediments  co l lected  o f f   the  western end o f  

Quatsino  Narrows  (Utah, 1573  and 1575) show an increase i n   t h e   l e v e l s   o f  

copper  (Cu),  from 70  mg/l i n  1973 t o  235 mg/l i n  1975. This  suggests 

t h a t   t a i l i n g s   d e p o s i t s  now ex tend   i n to   Qua ts ino  Sound. S imi lar   analyses 

have a lso  shown an increase i n  copper (CUI concent ra t ions   in   sed iments  

near   S t ragg l ing   Is1  and, Ho l   berg   In le t ,  where l e v e l  s have r i  sen from 95 

mg/l  (Utah,  1973) t o  167  mg/l  (Utah,  1975).  Further  evidence  of  the 

spread o f   b e n t h i c   d e p o s i t s   i n t o   H o l b e r g   I n l e t  was obtained  by  submersible, 
P i  sces IV, observat ions  (February ,  19751, when 1 i ght-grey  col   oured 

sediment was seen along  the  bottom  from  center  channel (115 metres) t o  

the  south  shore a t  a depth  of  60  metres i n  t h e   v i c i n i t y   o f   P o t  Rock. 

4.7.2 Observations  by SCUBA Divers.  SCUBA observat ions  s ince 1973, 

have revealed a marked increase i n  sediment  deposi t ion i n  t h e   i n t e r t i d a l  

and shal low  subt idal   zones  s ince  the commencement o f   o p e r a t i o n s   a t   t h e  

I s l a n d  Copper  Mine. SCUBA d i v i n g   l o c a t i o n s   a r e  shown i n  F i g u r e  16 and 

observat ions  (1970  to  1975)  are summarized i n  Appendix V .  

I n  1973  and  1974, the  most  ser iously  af fected  areas  were  the 

no r th   sho re   o f   Ruper t   I n le t  and Hanki n Poin t .  A1 ong the  base o f  t he  

emergency t a i l i n g s  dam, ad jacent   to   Nar row  Is land,   depos i ts   were   up   to  1 

metre i n   t h i c k n e s s .   T h i s  may have  been  caused  by seepage through  the 

rock fill which   fo rms  par t   o f   the  dam. 

Sediment  deposits  had  noticeably  increased  between Red I s 1  and 

and the  waste  rock dump, where the  bot tom was covered  by a l a y e r   o f  brown 

mud up t o  25 cm thick.  Sediment i n   t h i s  area  appeared t o   o r i g i n a t e   f r o m  

the  waste  rock dump and p i t   r u n o f f .  An increase i n  sediment  deposi t ion 

was  a1 so observed i n  t h e   i n t e r t i d a l  zone a1 ong the   eas tern  end o f  Red 
Is land.  Mussel  beds ( M y t i l u s   e d u l i s )   i n   t h i s   a r e a  were p a r t i a l l y   c o v e r e d  



- 4 5  - 

. 



- 46 - 

by new sediment  deposits, i n  some places up t o  8 cm t h i c k   ( P l a t e s  1 2  and 
13, see  pages 80 to  81).   Beneath  the  surface  layer,   the  sediment was 

b lack and had a strong  smell   of  hydrogen  sulphide when d is turbed.   Th is  

may have  been due t o  the  decomposi t ion  of   organic  mater ia l   contained i n  

the  waste  rock dump sediment. 

Around  Hanki n Po in t ,   t h i ck   depos i t s   o f   l i gh t -g rey   sed imen t  

covered much o f   the   shore l  i ne ( P l a t e  14,  see  pages 80 and 81 ) . I n  some 

areas  deposits i n  the  rock  crev ices and depressions  were up t o  2.5  cm 

t h i c k .   I n   Q u a t s i n o  Narrows a l a y e r   o f   f i n e   s i l t   c o v e r e d  much o f   t h e  

subs t ra te  and marine  vegetat ion a1 ong the  shorel i ne ( P l a t e  15,  see  pages 
82 and 83) , where  back-eddi  es and lower   cu r ren t   ve l   oc i   t i es   occu r .  

Light-grey  sediment was observed i n  rock  crev ices  around  Ohlsen  Point .   In  
Kokwina Cove the  bottom and vegetation was heav i ly   s i1   ted   w i th  up t o  2 cm 
o f  newly  deposited  sediment. The recent   na ture  o f  these  deposi ts was 

determined by removing  the  sediment and not ing  the  presence  o f  

L i thothamnion *, a red,  encrust ing  a lgae  which grows o n l y   o n   r e l a t i v e l y  

sediment-free  rock  surfaces. 

SCUBA d i v i n g   o b s e r v a t i o n s   i n  Hol  berg I n l e t   i n  1973 and 1974, 

near  Pot Rock showed no abnormal increase i n  sedimentat ion and the  rock 

ledges  were r e l a t i v e l y   f r e e   o f  sediment. V i s i b i l i t y   a l o n g   t h e   s h o r e l i n e  

i n   t h i s  area was very  good i n  compar i son   t o   Ruper t   I n le t  and Quats ino  

Narrows. 

Div ing  observat ions  were  repeated i n   J u l y ,  1975, a t   a d d i t i o n a l  

s t a t i o n s   l o c a t e d   a t   D r a k e   I s l a n d ,  and  the  south  shore  of   Rupert   In let  

(F igu re  16  and  Appendix VI. Ta i l i ngs   depos i ted   o f f   Hank in   Po in t  had 

increased  subs tan t ia l l y   by  1975. As shown i n   P l a t e s  16  and 17 (see pages 

82 t o   8 3 ) ,  much o f  the   subs t ra te  had  been covered  by  mine  ta i l ings.  A t  

S t a t i o n  17 (Drake  Is land)  , "clouds" o f  grey  sediment  arose  whenever  the 

bottom, a t  a depth  of  12  metres, was d is turbed,  and a l i g h t   l a y e r   o f  

sediment  covered much o f   t he   vege ta t i on  a1 ong the  shore l   ine.  A1 ong the  
south  shore  of  Rupert  Inlet,   across  from  the  mine,  deposit ion  remained 
minimal w i t h   o n l y  a t race  of   mine  sediment a t  a depth o f  10 metres. 
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However, a t   S t a t i o n  7, eas t   o f  Kenny Point ,  a n o t i c e a b l e   b u i l d - u p   o f   f i n e  
grey  sediment up t o  2 cm t h i c k  had occurred  s ince 1974. The sur face 

t u r b i d i t y   f i e 1  d seen around  Hanki n Po in t   o f ten   ex tended   i n to   t h i s  

region. 

It i s  apparent  f rom  the SCUBA d i v ing   obse rva t i ons   t ha t   t he  

total   area  of   mine  sediment  deposi t ion  extends we1 1 beyond t h a t  shown by 

Ponar  grab  sampling. I n t e r t i d a l  and sub t ida l   depos i t i on   i s   app rox ima te l y  

equ iva len t   to   the   a rea   o f   sur face   tu rb id i ty   no ted   dur ing   aer ia l   surveys  

i n  1973. The total   area  of   mine  sediment  deposi t ion  determined  by SCUBA 

d iv ing   observa t ions  and grab  sampling  represents  approximately 9,500 

acres  (3,846  ha).   This  includes  most  of   Rupert   In let ,   Quatsino  Narrows, 

and p o r t i o n s   o f  Hol b e r g   I n l e t  and Quats ino  Sound proper. The th ickness 

o f  mine  sediment  deposits  ranged  from a 1 i g h t  film t o  heavy  deposits. 

Mine  deposits i n   i n t e r t i d a l  and shal low  subtidal  zones 

p a r t i c u l a r l y  around  the mouth o f   R u p e r t   I n l e t  appear t o  be inc reas ing  

rap id l y .  

4.8 B io log ica l   Impact   o f   M ine  Waste Disposal .  

The e f f e c t s   o f   s o l i d   w a s t e   d i s p o s a l  on coasta l  seabed s t r a t a  
have  been s tud ied and reviewed by the US Army Corps o f  Engineers (1975) .  

I n  summary, t h e i r   f i n d i n g s  on t h e   e f f e c t s   o f  dredge  spoi l   di   sposal 

i n d i c a t e   t h a t   s o l i d s   d e p o s i t i o n  had a more deleter ious  physical   impact  on 

mar ine  b io ta  than  d id  suspended s o l   i d s .   I n   t h e  case o f   s o l i d s  
deposi t ion,   very  1 i ttl e sedimentat ion was necessary t o  cause  measurable 

e f f e c t s  on benthic  organisms;  whereas, f o r  suspended so l i ds ,   t he  
concent ra t ions   requ i red   to  cause a d e l e t e r i o u s   e f f e c t  were  normal ly   qu i te  

l a r g e .   I n  many respects  the  physical  impact  of  mine  waste  disposal  would 

be s i m i l a r  t o  t h a t   o f  dredge  spoi l   d i   sposal  . 
A1 1 aspects   o f   the  b io log ica l   impact   which  can be associated 

w i t h  mine waste  disposal i n  R u p e r t   I n l e t  have n o t  been f u l l y  assessed, 

nor  has t h e   I s l a n d  Copper Mine been i n   o p e r a t i o n   l o n g  enough f o r  a1 1 o f  

t h e   p o t e n t i a l   d e l e t e r i o u s   e f f e c t s   t o   f u l l y   d e v e l o p .  However, a t   t h e  
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present time, the  major   b io log ica l   impact   appears  to  be the   bu r ia l  of 

marine  biota and t h e i r   h a b i t a t  by the   depos i t ion   o f   bo th  mine t a i l i n g s  

s o l i d s  and f ine  mater ia l   f rom  the  waste  rock dump. Based on the 

q u a l i t a t i v e  assessments of   the  to ta l   area  a f fected,   the  phys ica l   impact  

from mill ta i l i ngs   depos i t i on   p resen ts   t he  more serious  problem. 

4.9 Bio log ica l   Impact  i n   I n t e r t i d a l  and Shallow  Subtidal Zones 

4.9.1 Aquat ic   Habi ta t   and  Mar ine  L i fe .  Much o f   t h e   s h o r e l i n e   h a b i t a t  

i n  the  study  area  consists  of  steep  sl   oping  bedrock, wi t h  numerous 

crev ices and outcroppings.  In many areas, p a r t i c u l a r l y  where s t rong 

t ida l   currents   occur ,   the  rocky  sur faces  were  re la t ive ly   f ree  o f   natura l  

sediment  deposits. 

The v a r i e t y   o f   h a b i t a t s   p r o v i d e d  by th i s   t ype   o f   subs t ra te   p lus  

the  extreme  t idal  mixing  which  occurs i n   Q u a t s i n o  Narrows,  promotes a 

r i ch   g rowth   o f   mar ine   l i f e   a long   t he   sho re l i ne .  The i n t e r t i d a l  and 

subt ida l  zones, pa r t i cu la r l y   t h roughou t   t he  Narrows, a re   heav i l y  

populated by a var ie ty   o f   mar ine   inver tebra tes  and a1 gal  species. 

Typical  examples are  shown i n   P l a t e  18, (A-F) see  pages 84  and 85. Among 

the more common macro inver tebrates  are  the  large  red and purp le  sea 

urch in  (St ronqyl   ocentrotus  f ranc i   scanus)  , sea  cucumbers (Parast ichopus 

2. and  Cucumaria 9. , rock  sca l   lop  (Hinn i   tes ml ti rugosus) , s t a r f i  sh 

( P i  saster  sp. , and a v a r i e t y   o f  sabel 1 i d  and serpul  i d  polychaetes. 

Benthic  algae, e.g. , Fucus sp. and Laminar ia SJ., are  

prevalent ,  and the  rocky  surfaces  are  covered  wi th  the  p ink  encrust ing 

a1 gae , L i  thothamni on 9. Rockf i  sh (Sebastodes 9. ) , ke l  p green1 i ng , 
( Hexagrams  decagramnus)  and 1 i ngcod  (Ophi odon e l  ongatus  are  commn 

throughout  the  study  area,  especial l y  i n   Q u a t s i n o  Narrows. De ta i l  s o f  

marine  organisms  observed  during SCUBA d i v ing   ope ra t i ons   a re   p resen ted   i n  

Appendix V .  

4.9.2 Impact on I n t e r t i d a l  and Shallow  Subti  dal  Benthos.  Substantial 
deposits  of  mine  sediments have formed on shore1 ines  around  the  muth  o f  
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R u p e r t   I n l e t  and the mine a rea ,   w i th   l i gh te r   depos i t s   ex tend ing   i n to  
Quats i  no Narrows and Qua t s i  no Sound. 

I n  areas  of heavy deposi t ion,  much o f   t he   o r i g ina l   subs t ra te  

and r e s i d e n t   b i o t a  were  blanketed by mill t a i l i n g s .  SCUBA observat ions 

a t  Hankin  Point  (1974) and nor theas t   o f  Kenny Point   (1975)  revealed 

t h a t  many o f   t he   sess i l e   i nve r teb ra tes  were p a r t i a l l y   o r   t o t a l l y   c o v e r e d  

by  mine  sediment.  Barnacles i n  t h e   i n t e r t i d a l  zone a t  Hankin  Point  

(P la te   19)  were  almost  completely  buried, and empty barnac le and se rpu l i d  

po lychaete  shel ls  were f requent ly  found  beneath  the  layer  of   sediment.  

The b lack   co loura t ion  on the  underside  of   rocks i n   t h i s  a rea   (P la te  20) 

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

and  oxygen transport  through  the  sediment  presumably  promoting  anaerobic 
condi t ions.  Those invertebrates  (polychaetes,   barnacles and gastropods) 

which commonly 1 i v e  under  rocks  were  noticeably  absent  from  certain  areas 

around  Hanki n Poi   n t .  

A f t e r  removing  sediment  from  the  bottom  strata,  the  observers 

exposed many l i v e   b u t  covered  invertebrates such as ch i tons,   l impets,  and 

sna i l  s. Mucus secreting  organisms  were  often  coated by a l aye r   o f   g rey  

s i 1  t. T a i l i n g s   p a r t i c l e s  were also  accumulating  around  the  sieve  plate 

or  madreporite on the  upper  surface  of   the  large sea urch in,   conceivably  
i n h i b i t i n g  water c i r c u l a t i o n  i n t o  the body c a v i t y .  

From observa t ions   o f f   Hank i  n Point ,  it appears t h a t   o n l y  a 

minor  deposi t  i s   r e q u i r e d   t o   n o t i c e a b l y   a f f e c t   t h e   e n c r u s t i n g   a l g a e ,  

Li   thothamnion =. , a food  source  for  many graz ing   inver tebra tes .   P la te  

21 i l l u s t r a t e s  a "dusted"  area  where mine sediment 0.5 t o  1.0 cm t h i c k  

had covered p a r t   o f   t h e   i n 1   e t  bed o f f  Hanki n Point .   In   the  b lackened 

areas  the a1 gae was completely  absent;  whi le  the  white  areas show  a1 gae 

i n  advanced stages  of decay. S i m i l a r   e f f e c t s  were seen i n  Kokwina Cove 

(Quatsino  Narrows)  under  approximately 1.0 cm o f  new sediment. 

Heavy s i1   ta t ion   th roughout  much of  the  Rupert-Hol  berg  system 

suggests  that   the  observed  biological   ef fects  around  the mouth of   Ruper t  
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I n l e t  will spread in to   o ther   a reas  i f  p r e s e n t   t u r b i d i t y  1 eve1 s and 

sediment  deposi t i on   con t inue .  Gradual  accumulation and spreadi ng of 

sediment  deposits  along  the  shorel ine will ser ious ly   reduce  avai lab le 

h a b i t a t   o f  a l a r g e  and impor tant  segment of   the  marine community. 

McDaniel (1973)   f ound   tha t   m ine   t a i l i ngs   ad jacen t   t o   B r i t ann ia   M ine   i n  

Howe Sound b lanketed   the   o r ig ina l   o f fshore   subs t ra te ,  making it 

uninhabi tab le  for   benth ic   inver tebrate  organisms.   S imi lar ly ,   sediment  

layers  developing on rocky  shore1  ines  o f   Ruper t   In le t  and Quats ino 

Narrows cou ld   p revent   the   se t t lement   o f   inver tebra te   la rvae and algae 

species  which  require a rocky and s tab le  subst rate.  

These a1 t e r a t i o n s   t o   t h e   n a t u r a l   s u b s t r a t e   i n   c o n j u n c t i o n   w i t h  

the  adverse  e f fects  on deep benthos  (described i n  sub-section 4.10.1 and 
4.10.2) will l i k e l y  r e s u l t  i n  a serious  impact on the o v e r a l l   b i o l o g i c a l  

product iv i ty   o f   the  Ruper t -Hol   berg system. These e f f e c t s  will probably 

p e r s i s t   l o n g   a f t e r   t h e   c e s s a t i o n  o f  mine  production, and may become 

permanent  through a1 t e r a t i o n s   t o   t h e   n a t i v e   h a b i t a t .  

4.10 Bio log ica l   Impact  i n   t h e  Deep Benthic Zone 

4.10.1 Aquat ic   Hab i ta t   and  Mar ine   L i fe .   In   Quats ino  Sound the  bottom 

c o n s i s t e d   o f   s o f t  mud i n  the  deeper  areas to  coarse sand  and gravel  i n  

the  shal lower   reg ions,   wi th  an occas iona l   c lus te r   o f   l a rge   bou lde r   o r  

p r o t r u d i  ng bedrock. 

Th is   range   o f   hab i ta t   i n   Qua ts ino  Sound supported an abundance 

of   marine 1 i fe.  During  the P i  sces IV observations  (Appendix I I) o f f  

Drake I s land   i n   Feb rua ry ,  1975,  numerous crustaceans; e.g. , panda l id  

shrimp  (Pandalus sp.); squat  lobster  (Munida  sp.);  echinoderms, e.g., 

s tar f ish  (Pseudarcaster  sp., Crossaster  sp.); sea cucunber  (Parastichopus 

9. , Psolus sp. 1 ; and a va r ie t y   o f   g round f i   shy  e.g. , f lounder ,   ee lpout ,  

sole,   etc.  , were  observed  between  depths o f  25 and  125 metres.  Rockfish 

were  seen wherever  large  boulders  were  present.  Zooplankton  were 

abundant  throughout  the  waters  of  the  study  area. The most  dominant 
organisms  were  chaetognaths  (arrow worms) and  euphausids.  Poor v i s i b i l i t y  
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i n  Rupert and Hol  berg i n le t s   l im i ted   b io log i ca l   obse rva t i ons ,   excep t   a t  

the  head o f  Hol  berg I n l e t  where numerous shrimps and b o t t o m   f i s h  were 

observed. 

4.10.2 Impact on Deep Benthos.  Utah  Mines  Ltd. i n   t h e i r  

pre-operat ional   br ie f   (Utah,  1971 ) r e c o g n i z e d   t h a t   t a i l  i ngs d i  sposal 

would  reduce  the amount o f  deep water  benthos i n   b o t h   R u p e r t  and  Hol berg 

i n l e t s .  To m n i   t o r   t h i s  impact,  the company began a Ponar  grab  sampling 

program i n  1970  as pa r t   o f   t he i r   qua r te r l y   mon i to r i ng   su rveys .  

E l  l i s  (1974, UBC Summary Repor t ) ,   a f ter   rev iewing  data  compi led 

by I s l a n d  Copper  Mine, repo r ted   t ha t   t he   ben thos   i n   t he  deeper p a r t s   o f  

R u p e r t   I n l e t  had been o b l i t e r a t e d   f o r  a distance  of   about 3.2 km  down the 

i n l e t   f r o m   t h e  mine s i t e .  To determine  the zone o f   o b l i t e r a t i o n ,   E l l i s  

based h i s   f i n d i n g s  on the number of  benthic  organisms  per  grab sample. 

E l  1 i s  ( 1976, UBC Summary R e p o r t )   a f t e r   f u r t h e r   r e v i e w   o f   t h e  Is1 and 

Copper grab sample data  reported  the  presence  of  substantial  nunhers  of 

plankton. He i n d i c a t e d   t h a t  50% o r   m r e  o f  the  organisms  counted i n  
c e r t a i n   s t a t i o n s  were  copepods, which  are  a lmost   cer ta in ly   p lanktonic ;  

other  organisms  counted may a1 so have  been planktonic.  This  suggests 

t h a t   t h e   o r i g i n a l   a r e a   o f   o b l i t e r a t i o n   i d e n t i f i e d  by E l l i s   i n  1974 cou ld  

have  been o f   g rea te r   ex ten t  had the  plankton  counts been  removed from  the 
data . 

Jones  (1974) , repor ted  an area   o f   "sub-ob l i   te ra t ion"   cons is t ing  

o f  reduced  species  d iversi ty and  abundance,  and a decrease i n   o v e r a l l  

b e n t h i c   p r o d u c t i v i t y   f r i n g i n g   E l l i s ' s   a r e a   o f  ob1 i te ra t i on .   Th i s   a rea   o f  

"sub-ob l i   te ra t ion l l  may poss ib l y  have extended f o r  a f u r t h e r  1.8 km  down 

i n l e t .  Jones  est imated  benthic  Droduction by s tudy ing a s ingle  species 
o f  polychaete, Ammotrypane aulogaster,  abundant i n  the  area.  Populat ion 

density,  biomass , and body l e n g t h  measurements  were i n v e r s e l y   r e l a t e d  to 
i nc reased   ta i l i ngs   depos i t i on .   Resu l t s   i nd i ca ted   t ha t  even  under l i g h t  

t a i l i n g s   d e p o s i t i o n ,   t h e r e   i s  some l oss   o f   benth ic   p roduc t ion .  
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Polychaetes are more resistant t o  burial t h a n  many other 
benthic organisms. Oliver and Slattery (19731, d u r i n g  subtidal community 
experiments, observed t h a t  two species of polychaetes were capable of 
burrowing  upward  from beneath 30 cm of sediment; whereas, a1 1 smal 1 
bivalves and crustaceans were k i l  led by buri a1 i n  15 cm of sediment. 

Kranz (1974)  studied 25 species of bivalves and found t h a t  
certain forms  were unable t o  escape from a sediment thickness  greater 
t h a n  1 cm. He concluded t h a t  a radical change  from the  native sediment 
could be h i g h l y  lethal by reducing burrowing a b i l i t y ,  and often  burial i n  
only 1 cm o f  an  exotic sediment was f a t a l  . During  submersible studies of 
abandoned  marine t a i l  i ngs d i  sposal s i tes  (Bri tanni a ,  Yreka and B .C. 
Molybdenum mines) , the  authors of the present  report noted a marked 
decrease i n  the nunber o f  burrows and worm cas t ings  i n  comparison t o  

those observed a t  control si tes.  This suggested a reduction of infaunal 
populations, which was maintained even after a mine had been abandoned 
for 10 years , as i n  the  case of Yreka. 

Ellis (1976,  UBC Summary Report), following further review of 
the Is1 and Copper  Mine benthos program ( t o  December, 1975) , concluded 
t h a t  l i g h t  tailings  deposits  (less than 20 cm) may reduce mollusc 
populations which include many edible  species of shellfish. Molluscs 
were considered t o  be a sensitive  indicator of the effect of tailings i n  
reducing benthic diversity. 

Utah Mines Ltd .  , based on the results of Ponar grab sampling by 
Beak (1970) ,  concluded t h a t  deep water benthos consisted  primarily of 
polychaete worms, small clams, shrimp-like animals (euphausids?), and a 
nuher of relatively minor groups. Consequently, much o f  the emphasis i n  
the company's benthic program t o  date has  been an enumeration and 
identification of infaunal  organisms, as discussed above. 

Experimental trawl studies by Butler and Dubokovic (1955) , 
Smith and Butler (1968) , and submersible observations made during this 
study indicate a much more diverse deep water benthic community resident 
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i n  the   Qua ts ino  Sound a rea   t han   t ha t   imp l i ed  by Utah  Mines  Ltd.   For 

example, t he   s tud ies  showed t h e   p r e s e n c e   o f   s i g n i f i c a n t  numbers o f  

important  commercial  species  such  as  shrimp,  crab , and  ground f i s h  ( s o l e  

and r o c k f i   s h )  . 
Studies i n  Howe Sound  by F i s h e r i e s  and  Environment Canada 

(Goyette  and  Levings,  unpubl ished),   compared  the  ef fect iveness  of   grab 

sampl ing  and  t rawl ing  techniques as a means o f   d e f i n i n g   b e n t h i c  

communi t i e s .  Grab samples d i d   n o t   p r o v i d e  a t r u e   r e p r e s e n t a t i o n   o f   t h e  

b e n t h i c   d i v e r s i t y  because  they  selected  only a f r a c t i o n   o f   t h e  number o f  

spec ies  present ,   as  compared  to   t rawl  i ng.  Those spec ies   no t   represented  

inc luded  commerc ia l   spec ies  o f   inver tebrates  (crab,   shr imp,   prawn)   and 

ground f i s h   ( s o l e  and f l o u n d e r ) .  

Many of   the  an imal  s observed  dur ing  submersible  d ives i n  

Quats ino  Sound (Appendix 111, a r e   s u f f i c i e n t l y   m o b i l e   t o  escape  sediment 

b u r i a l .  However, a1 t e r a t i o n s   i n   n a t i v e   h a b i t a t  by t a i l i n g s   d e p o s i t i o n  

will l i k e l y  have a s i g n i f i c a n t   e f f e c t  on the   popu la t ions  and d i s t r i b u t i o n  

of  these  animals.  For  example, many i n v e r t e b r a t e s  and f i s h  showed a 

pre ference  fo r   rocky   o r   hard   coarse   subs t ra tes .   Schoo ls   o f   rock f ish   were  

f requen t l y   assoc ia ted   w i th   rock   ou tc ropp ing  and bou lde rs   p ro jec t i ng   f rom 

the  muddy bottom  near  center  channel  i n   Q u a t s i  no Sound. Thi  s t y p e   o f  
habi t a t   i n  many regions o f  the  system i s  being inundated by t h e   l a r g e  

volume o f  m i  ne w a s t e   e n t e r i n g   R u p e r t   I n l e t .  Thi s a1 t e r a t i o n   i n   n a t i v e  

h a b i t a t   c o u p l e d   w i t h   t h e   p h y s i c a l   i m p a c t   o f   t a i l i n g s   d e p o s i t i o n  on bo th  

deep water and shal low  water  benthos will l i k e l y  have a s e v e r e   a f f e c t  on 

b i o l o g i c a l   p r o d u c t i v i t y   ( i . e .  , s p e c i e s   d i v e r s i t y  and  abundance) i n  Ruper t  

I n l e t  and  contiguous  waters. 

4.11 Heavy Meta l   Concentrat ions i n  She1 1 f i  sh  and  Sediments 

In   add i t i on   t o   t he   phys i ca l   impac t   o f   m ine   was te   depos i t i on  on 

mar ine   b io ta ,   the   b io -accumula t ion  and b i o - m a g n i f i c a t i o n   o f  heavy  metals 

are  major   concerns,   both i n   t h e i r   e f f e c t  on t h e   o r g a n i s m   i t s e l f  and 
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potent ia l   hazards  to  human heal t h  i f  contaminated  organisms  are consumed. 

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

p o t e n t i a l  l y  t o x i c  heavy metal s t o   l e v e l  s many t imes  greater  than  those 

found in  the  environment.   Contaminat ion  can  occur  by  absorpt ion  of   heavy 

metals  d issolved i n  sea water, o r  by i n g e s t i o n   o f   p a r t i c l e s   c o n t a i n i n g  

heavy metal s which may be e i t h e r  suspended o r   i n   t h e  sediments  on  the 

bottom. 

Ne1 son and Goyette ( 1976)  found  high  zi  nc l e v e l  s ( u p   t o  19,000 

m/g,   dry   weight )  i n  oysters  contaminated  by groundwood pu lp  mill 

e f f l u e n t .   I n   t h e   v i c i n i t y   o f   t h e   B r i t a n n i a  Mine, Howe Sound, oys ters  and 

mussels  contained an average  copper  concentrat ion  of 2250 and 390 pg/g, 

respect ively  (Goyette,   1975).  Copper l e v e l s   i n   c o n t r o l  samples  were 380 
and 23 ug/g, respectively,  for  oysters and nussels. Work by Ayling 

(1974)   on  the  Paci f ic   oyster  showed t h a t   t h e   t i s s u e  heavy  metal 

concentrat ions  were more c losely   re1  a ted  to   those  found i n  the  sediment 

than  the   over ly ing   water .   Th is   suggests   tha t   the   inges t ion   o f   par t i c les  

suspended i n  water   or   der ived  f rom  the  sediment   represent  a s i g n i f i c a n t  

source o f  heavy  metal  contamination. 

Studies by E l  d e r f i e l  d and Hepworth  (1975)  on  heavy  metals i n  

estuarine  sediments,  suggested  that a process  of   d iagenesis  (def ined as a 

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

sediment  column  caused an enrichment  of  metal s a t   t h e  sediment  surface  or 

i n  the  over ly ing  waters .   Consequent ly   the  avai lab i l i ty   o f   meta l  

p a r t i c l e s   f o r   i n g e s t i o n  by benthic  organisms  resident in   sur face   sed iment  

was increased. 

F i v e   s p e c i e s   o f   i n t e r t i d a l   b i  Val  ves  were co l l ec ted   annua l l y  

between  1971 and  1974 i n  R u p e r t   I n l e t   a t  Red I s l a n d  and a s t a t i o n   l o c a t e d  

west o f   t h e  mine s i t e  and i n  H o l b e r g   I n l e t   a t   A p p l e  Bay (F igu re  2) .  

Tissues  were  analyzed  routinely  for  copper and z inc .   Resu l ts   a re   tab led  

i n  Appendix VI. 

Copper c o n c e n t r a t i o n s   i n   b i v a l v e s   f r o m   b o t h   s t a t i o n s   i n   R u p e r t  

I n l e t ,   i n   g e n e r a l ,   t e n d   t o  be s l ight ly   h igher   than  those  f rom  Holberg 
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In le t   (App le   Bay ) .  The concentrat ions however do f l u c t u a t e   f r o m   y e a r   t o  

year and f u r t h e r  sampl i ng will be requ i red   be fore  any d e f i n i t e  

conclusions  can be  made.  The concentrat ions  found i n  most  species  are 

not  considered  to be very  high. 

However, there  does appear t o  be an increase i n  copper 

concentrat ions i n   c e r t a i n  areas and i n   c e r t a i n   s p e c i e s   o f   b i v a l v e .   E l l i s  

(1974, UBC Summary Report)   noted a s t a t i s t i c a l l y   s i g n i f i c a n t   h i g h   l e v e l  

o f   copper  i n  mussel s ,  Myt i lus   edu l   i s ,   f rom  the   Is1  and  Copper Mine  bulk 

load ing  dock. Surface  spi l   lage  f rom  the  loading dock was a suggested 

source of   contaminat ion.  

In   the   p resent   s tudy  Macoma i r i s   c o l l e c t e d   f r o m  Red I s1  and 

between 1971 and 1973 showed considerably   h igher   concentrat ions (mean = 

305 ug/g)  than  those  from  Holberg I n l e t  (mean = 30 ug/g)  and t h e   s t a t i o n  

west   o f   the   mine   s i te  (mean = 66 ug/g)  (Appendix  VI).  Macoma feeds  by 

f i l t e r i n g   b o t t o m  sediment  rather  than  mater ia l  i n  suspension. 

M u s s e l s   ( M y t i l u s   e d u l i s )   c o l l e c t e d   f r o m   H a n k i n   P o i n t   i n   J u l y ,  

1975 showed h igher   copper   concentrat ions  than  those  co l lected  f rom  the 

s ta t i on   wes t   o f   t he  mine s i te ,   App le  Bay ( H o l b e r g   I n l e t )  and Red I s l a n d  

between 1971 and 1973 (Appendix  VI).  Hanki n P o i n t  samples ranged  from 82 
t o  150 v g / g  Cu, dry w t  compared t o  5 t o  87 v g / g  Cu, dry w t  found i n  
mussel  samples f rom  the  o ther   s ta t ions.   In ter t ida l   sediments  f rom  Hankin 

P o i n t  showed a much h igher   copper   leve l   than  those  f rom  Hol   berg  In le t   a t  
Thorp  Point   (Table 5 ) .  Thorp  Point  was no t   sub jec ted   t o   e i t he r   su r face  

cu Zn  Pb  Cd  Mn N i  Co Fe 

S ta t i on   (ug /s )  ( %  1 
Hanki n P o i n t  689  84 8 0.0 388  18  13 3.3 

Thorp P o i n t  62 59 13 0.4 308  13  13 2.7 

T a i l i n g s   E f f l u e n t  524  254  29 1.7 442  12  13 5.9 

*Analysis  by Dr. W.K. F l e t c h e r ,   U n i v e r s i t y   o f   B r i t i s h   C o l u n b i a  
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t u r b i d i t y  or mine sediment deposition, whereas, considerable  deposition 
of tailings occurred a t  H a n k i n  Point .  A tailings sample collected i n  
December,  1975  showed a copper concentration of 524 pg/g .  

Analysis of marine sediments by Utah Mines Ltd .  (Figure 1 7 )  and 

by Thompson and Paton ( 1975) revealed a widespread increase i n  many of 
the metal species, i n  particular copper. Near the o u t f a l l ,  copper 
concentration i n  marine sediment was nearly five times greater than t h a t  
i n  tailings  effluent (3480 pg/g  versus 700 p g / g )   ( U t a h ,  1975).  Littlepage 
(1975) ,  reported a similar s i t u a t i o n  a t  Alice Arm, where  metal levels i n  
marine sediments adjacent t o  the  discharge p o i n t  were 2.5 t o  4 times 
greater than those found i n  a t a i l  i ngs sample. 

Based on the evidence of increased heavy metal concentrat ion i n  

marine sediment and their  potential bioaccumulation i n t o  marine 
organisms, particularly molluscan bivalves,  the  authors of the  present 
report  anticipate t h a t  the concentration of certain metals will increase 
i n  marine b io t a  exposed t o  mine sediment deposition. 

The bio logica l  and human health consequences of increased 
copper i n  tissue of marine organi sms are unknown. However, a potential 
for bioaccumulation of heavy metals known to  be toxic t o  humans  such as 
arsenic, 1 ead, and cadmium nay exist as  these metal s are  present i n  the 
tailings  effluent from the  Island Copper  Mine. 

4.12 Commerci a1 Fi  sheri  es 

The streams i n  Quatsino Sound support a variety o f  salmon 
species. Marble River, which  enters near the mouth  of Rupert Inlet ,   i s  
the largest salmon producer i n  the Rupert-Holberg area. Waukwaas  Creek 
i s  a1 so considered an excel lent spawning stream. Many of the smal ler  
streams i n  bo th  Holberg Inlet and Rupert I n l e t  support significant 
numbers of salmon. Estimates of salmon  spawning  escapement for the 
Marble River between 1935 and 1976 are presented i n  Table 6. The 
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TABLE 6 ESTICIATES OF SALMON SPAWNING ESCAPEMENT FOR  MARBLE RIVER,  
1935 t o  1976* 

Sal mon SDecies 
Year 

1976 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 
1959 
1958 
1957 
1956 
1955 
1954 
1952 
1951 
1948 
1947 
1946 
1945 
1944 
1943 
1942 
1941 
1940 
1539 
1938 
1937 
1936 
1935 

Coho 

2000-5000 
1000-2000 
2000-5000 
5000 
5000 
6000 
5000-1 0000 
5000-1 0000 
14000 
500-1 000 
5000-1 0000 
10000-20000 
2000 
1000-2000 
1000 
1500 
110 
700 
3000 
5000-1 0000 
1000 
7 50 
1000 
25000 
3300 
1000 
2000-5000 
5000-1 0000 
5000-1 0000 
5000-1 0000 
5000-1 0000 
10000-20000 
10000-20000 
5000-1 0000 
5000-1 0000 
5000-1 0000 
5000-1 0000 
5000-1 0000 
10000-20000 

Chum Pink 

500- 1000 
50-100  50-100 
500-1000 - 
4000 - 
2000 
90 0 0 
500-1 00 
100-300 0 
250 150 
1-50 

1-50 1-50 
300 1500 
300- 500 
100 

0 
200 
400 
400 
1000 
400 
1000 
1000 
1000 
25000 
1000-2000 
1000-2000 
100-300 
300- 500 
2000-5000 
1000-2000 
1000-2000 
1000-2000 
1000-2000 
1000-2000 
1000-2000 
10000-20000 
50000-1 00000 

500 
1000 

500 

100-300 

500-1 000 
500-1 000 
5000-1 0000 
100-300 

Chi nook 

300-500 
300-500 
300-500 
100-300 
600 
600 
300-500 
100-300 
200 
100-300 
100-300 
100-300 
3000 
300-500 
1500 
2 00 
40 
250 
100 
3500 
5000 
2000 
7 500 
8000 
5500 
7500 
5000-1 0000 
1000-2000 
2000-5000 
2000-5000 
2000-5000 
2000-5000 
2000-5000 
2000-5000 
5000-1 0000 
1000-2000 
500-1 000 
500-1 000 
500-1 00 

Sockeye 

100-300 
100-300 
50- 100 

100-300 
0 
50- 1 00 
600 
500-1 000 
300-500 
1-50 
2000 
100-300 
400 
25 
20 
100 
150 
500-1 000 
1000 
700 
2000 
2000 
960 
600 
1000-2000 
500-1 000 
500-1 000 
300- 500 
500-1 000 
500-1 000 
1000-2000 
500-1 000 
300- 500 

300- 500 

1000-2000 

*Taken  from local F i s h e r i e s   O f f i c e r s '   r e c o r d s .  
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m a j o r i t y   o f   t h e  commerci a1 ca tch   o f  salmon o r ig ina t i ng   f rom  Qua ts ino  

Sound takes   p lace   o f f   t he   wes t   coas t   o f  Vancouver  Island. Salmon a re  

taken i n   s m a l l e r  numbers w i t h i n   Q u a t s i n o  Sound by sport  f ishermen. 

Both   adu l t  and j u v e n i l e  salmon  must  pass through  areas where 

ex t reme ly   h igh   t u rb id i t y  has  been  observed.  Whether o r   n o t   t h e  

concent ra t ions   o f  suspended mater ia l   a re   h igh  enough t o  cause 

phys io log ica l  damage o r   i n t e r f e r e  wi th migra t ion ,   feed ing   behav io r ,   o r  
p reda to r   p rey   re la t i onsh ips  has n o t  been inves t iga ted .  

The a u t h o r s   h a v e   n o t e d   t h a t   s i n c e   t u r b i d i t y   l e v e l s   i n   Q u a t s i n o  

Narrows  have  increased,  the  frequent  observations  of  what  appeared  to be 
feed ing   f renz ies  by   t he   res iden t   b lack   rock   f i sh  have  ceased. T h i s   l e d  

to   the   assumpt ion   tha t  a1 though  these f i s h  were s t i l l   p r e s e n t   i n  

reasonable numbers, as  noted  by scuba d i ve rs  , t h e i r   f e e d i n g   h a b i t s  may 
have  changed. 

A commerci a1 crab and shr imp  f ishery  operates i n  the 

Rupert-Hol  berg  area and i n   Q u a t s i n o  Sound. Exp lo ra to ry   t raw l   f i sh ing  by 

B u t l e r  and Dubokovic  (1955) i n  R u p e r t   I n l e t   y i e l d e d  a shrimp  average 

f i s h i n g   r a t e   o f   6 8  1 b/hour ,   cons is t ing  o f  66% smooth pinks  (Pandalus 

j o r d a n i )  and the  remainder  most ly  prawns.  Stat ions  were  located  of f  Red 
I s l a n d  and south o f  Narrow I s l a n d   i n   R u p e r t  I n l e t .  I n  Quats ino  Sound 

between  Brockton and Drake  Is land,  t rawl  catches  y ie lded an average r a t e  

of 42 1 b/hour  of  shrimp. 

Smith and But ler   (1968)  reported  shr imp  catches  between  86 and 

270 l b / h o u r   i n   Q u a t s i n o  Sound. 

The F i s h e r i e s   O f f i c e r   a t   P o r t  Hardy  reports  (personal  

communication) s h e l l f i s h   c a t c h e s   i n   t h e   Q u a t s i n o  Sound area  for   the  years 

1973 t o  1976  as f o l  1 ows: 
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1976 - 7,000 lbs  (crab,   shr imp)  

1975 - 30,000 l b s   ( c r a b   o n l y )  

1974 - 8,000 l b s   ( c r a b   o n l y )  

1973 - 6,000 l b s   ( c r a b   o n l y )  

These f i g u r e s  do not  include  unrecorded  catches  taken  by 1 oca1 

commercial   f ishermen  which  the  Fisher ies  Off icer  est imates  could  double 

the  magnitude  of  the  catch. The physical   impact o f  mine  waste  disposal 

on the   na t i ve   hab i ta t   o f   ben th i c   mar ine   b io ta   wh ich   i nc ludes   ce r ta in  

commercially  important  species  has been discussed i n  Sect ions 4.9 and 

4.10. 

4.13 Re1 a t i  onshi p t o   O t h e r   S t u d i e s  

The gran t ing   o f   U tah   Mines   L td 's   Prov inc ta l   Po l  1 u t i o n   C o n t r o l  

B ranch   pe rm i t   i nc luded   p rov i s ion   f o r  a comprehensive  environmental 

m n i   t o r i n g  program t o  be c a r r i e d   o u t  by  the company.  The program i s  

d i r e c t e d  by an independent agency which i s  co-ordinated by J.B. Evans, 

Head o f   the   Depar tment   o f   M inera l   Eng ineer ing ,   Un ivers i ty   o f   Br i t i sh  

Colunbia. The monitored  program  data i s   r e p o r t e d   q u a r t e r l y   b y   t h e  

company and summarized annually  by  the  independent agency.  Evans  and 

Pol ing  (1975) and P e l l e t i e r   ( 1 9 7 7 )  have d iscussed  the  Is land Copper Mine 

(I.C.M.) program,  which i s   o u t l i n e d   i n  Table 7 ( e x t r a c t e d   f r o m   P e l l e t i e r ,  

19771,  and i n c l u d e s   t h e   r o u t i n e   i n v e s t i g a t i o n   o f  a w i d e   v a r i e t y   o f  

phys ica l  , chemical and b io log ica l   parameters i n  the  study  area. I n   t h i s  

sect ion  o f   the  present   repor t   the  authors  d iscuss  poss ib le   reasons  for  

d i f f e rences  between t h e i r   c o n c l u s i o n s  and those  reported i n   o t h e r  

studies.  

Wi th   regard  to   the  overa l l   env i ronmenta l   impact  i n  the  study 

area, Evans and Pol ing  (1975)   conc luded  that ,   " . . . throughout   the  in i t ia l  

3% years o f  p r o d u c t i o n ,   e x c e p t   f o r   b e n t h o s   o b l i t e r a t i o n   o c c u r r i n g   i n   t h e  

R u p e r t   I n l e t   t r o u g h ,  as yet ,   the  d ischarge  o f  35 m i l l i o n   t o n s   o f   t a i l i n g s  

s o l i d s   i n t o   R u p e r t   I n l e t  has r e s u l t e d   i n  minimal  detectable change t o   t h e  
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na tu ra l   na r i  ne ecosystem. 'I Furthermore,  Pel 1 e t i e r  (1977),  based on 

I.C.M. mar ine  monitor ing  data  stated: 

1) " A  sediment d i s t r i b u t i o n  system ex i s t s   wh ich   f unne ls   t a i l i ngs  down 

2 )  G e n e r a l l y   t u r b i d i t y  does n o t   e x i s t   a t   l e v e l s   t h a t   a f f e c t   p r i m a r y  

3 )  No de tec tab le   i nc reases   i n   d i   sso l  ved  metal s have occurred i n   t h e  

i n l e t   i n t o   t h e  deepest   par t   o f   Hol   berg  In le t .  

produc ti on 

water column o f   R u p e r t   I n l e t ,  Hol  berg  In1 e t   n o r   Q u a t s i  no Sound. 

4)  There i s  evidence  that  benthic  organisms w i  11 recolonize  areas 
ob1 i t e r a t e d  by t a i l  i ngs upon completion o f  t he   m in ing   ac t i v i t y .  'I 

Pel l e t i e r   f u r t h e r   s t a t e d   t h a t :  "Real 

have an impact on the  environment,  data  to-date 

disposal  system  can  exi s t   i n  reasonable harmony 

envi  ronment. I' 

1 i ngs i z i n g   t h a t   t h e   t a i  

suagests  that   the 

wi th   the  mar ine 

I n   a d d i t i o n ,  annual summaries by the  independent agency, 

a1 though  report ing some envi  ronmental changes (e.  g. ,  t a i  1 ings  upwel l  i ng, 

ben th i c   ob l i t e ra t i on )   wh ich  have occurred, have no t   i nd i ca ted  any major 

environmental  problems. 

In   con t ras t   t o   t hese   p rev ious   s tud ies ,   i nves t i ga t i ons  by the 
Envi ronmenta l   Pro tec t ion   Serv ice   revea led   tha t   the   ex is t ing   and  

continuing  envi  ronmental  degradation  represents a serious  problem, 

pa r t i cu la r l y   t he   impac t  on t h e   t o t a l   b e n t h i c  community ( in fauna,   ep i fauna 

and  demersal f ish).   Several   explanat ions  which may account   for   the 

divergence  of  opinion  concerning  the  degree  of  environmental  degradation 

i nc l  ude: 

1. T u r b i   d i  t y  

Resul ts   o f   the   Env i ronmenta l   Pro tec t ion   Serv ice   s tud ies  

i nd i ca te   t ha t   su r face  and subsur face   tu rb id i ty  and t a i l  i nqs upwell i nq i s  

much more extens ive and frequent  than  suggested by the company and the 

independent agency. 
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Evans and P o l i n g  (1975)  reported "mist-1 ike"  turbidity  layers 
w i t h i n  the water column, and t h a t  on occasion turbidity boi l  s reached the 
surface o f f  Hanki n P o i n t ,  a phenomenon which predominated during the 
Equinoxes. Pel le t i   er  a1 so reported a ''mi st-1 ike"  turbidi ty f i  el d bel ow 
50 metres and an upwell i ng of t a i l  i ngs near Hanki n P o i n t  on occasional 
h igh  tides during deep water exchange. 

In contrast,  the  present study reports  extensive  surface and 
subsurface turbidity even during a less than  average (2.8 metres) t i d a l  
exchange (Plates 1 t o  8 and Sections 4.1 and 4.2) .  These plates were 
taken on a day when the t i d a l  exchange was approximately 2.5 metres. 

2. 

The 
extent, nor b 

Nearshore Tai 1 i nas  DeDosi t i o n  

I.C.M. monitoring program  has not adequately def 
io log ica l  impact o f  nearshore t a i l i n g s  deposition 

ined the 

Tail  i ngs  upwel l i n g  o f f  Hanki n P o i n t  and the  resultant  increase 
i n  surface and subsurface  turbidity  levels  indicated t h a t  tai l ings 
deposition had extended beyond the  pre-operational  predicted  limits. 
This has led t o  extensive  nearshore tailings  deposition i n  certain 
regions and gradual deposition encroachment over a larger,  h i g h l y  
productive  area. A study undertaken by the independent agency (Forman, 
1976, UBC Summary Report) was designed t o  determine  the impact of  mine 
act ivi t ies  on the  nearshore  benthic b io t a .  Sampling station  locations, 
however, d i d  n o t  correspond w i t h  the relevant  areas,  e.g., Hankin  P o i n t  
and around the m o u t h  of Rupert Inlet ,  where the greatest nearshore 
deposition was occurring, nor was the outward movement of tail  ings 
through Quatsino Narrows investigated. El l i s  ( 1 9 7 7 ) ,  reported tail ings 
upwelling a t  the Rupert - Hol berg junc t ion  and the  re-deposi t i o n  in 
localized shallow beds. He a1 so indicated  transport through Quatsino 
Narrows t o  Quatsino Sound b u t  the magnitude o f  emigrating ta i l  i ngs and 
their  dispersion  pattern and impact were n o t  known in detai l ,  
consequently,  the requirement for m i t i g a t i n g  control measures was n o t  
assessed. 
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3. I s l a n d  Copper  Nine  Benthos  Program 

Many o f   t he   s ta temen ts  and conclus ions made by  the company and 

the  independent  agency  were  based  on I .C.M' s benthic  studies.   Problems 

i n h e r e n t   i n   t h e  company's  benthos  program  are  discussed  below and i n  

Sec t ion  4.10.2 o f   t h i s   r e p o r t .  

( a )  It was p rev ious l y   recogn ized   t ha t   t he   d i sposa l   sys tem  wou ld   resu l t  

i n   t h e   r e d u c t i o n   o r   e l i m i n a t i o n   o f  many mar ine   o rgan isms  l i v ing  i n  

the   deeper   por t ions   o f   Ruper t  and H o l b e r g   i n l e t s .  A pre-opera t iona l  

s tudy   car r ied   ou t   on   beha l  f o f   t h e  company (Beak,  1970) i n d i c a t e d  

t h a t   t h e   b e n t h i c  community was dominated  by  marine worms and the  

ba lance  o f   the   an ima l   popu la t ions   on   the   bo t tom  o f   Ruper t   In le t  

c o n s i s t e d  o f  small  clams,  shrimp-1 i k e  animal s and a number o f  

r e l a t i v e l y   m i n o r   g r o u p s .  As d iscussed   p rev ious l y   t he   au tho rs  

c o n s i d e r   t h i s   i n a d e q u a t e   s i n c e   t h e   d e f i n i t i o n   o f   b o t t o m  1 i f e   i n   t h e  

area was based  on  the  resul ts  o f  Ponar  Grab  sampling. 

( b )   D e t a i l e d   a n a l y s i s  o f  the  benthos  data has  been l a r g e l y   c o n f i n e d   t o  

t h e   i d e n t i f i c a t i o n  and enumerat ion  o f   organisms  which  l ive i n   t h e  

sediments,  i.e.,  infauna. The impact   o f   smother ing ,   and  tha t   o f  

p h y s i c a l l y  a1 t e r i n g   t h e   h a b i t a t  o f  o t h e r  members o f   t h e   b e n t h i c  

community  have n o t  been  adequately  considered.  Other members 
i nc lude   g round f i sh  and epi faunal   macro inver tebrates such as  shrimp, 

prawns,  and  crabs.  Conclusions  drawn  from  the  company's  benthos 

program  have  been a p p l i e d  t o  t h e   t o t a l   b e n t h i c  community when, i n  

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

grab  samples. 

( c )   D e t e r m i n a t i o n   o f   o b l i t e r a t i v e   e f f e c t s   b a s e d   o n   t h e  company's  benthic 

data may be   i naccu ra te  and conservat ive,  due t o   t h e   i n c l u s i o n   o f  

p lank ton ic   spec ies .   Ben th i c   da ta   f o r  September  1974 ( E l l i s ,  1976, 

UBC Summary R e p o r t )   i n d i c a t e d  a " g e n e r a l   p a t t e r n   o f  much benthos" a t  

t h r e e   s t a t i o n s  where  heavy t a i l i n g s   d e p o s i t s  had  been  recorded. 

E l l i s ,   on   rev iewing   the   da ta   s ta tes ,   " . . . the   o rgan isms  p resent  a t  
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these  s ta t ions  were 50% o r  more  copepods,  which a r e   a l m o s t   c e r t a i n l y  

p l a n k t o n i c .  The s ta t i ons   a re   devo id   o f   mo l l uscs ,   wh ich   a re   ben th i c ,  

and  have  few polychaetes  which  are  usual  l y  b e n t h i c  . ' I  

The o v e r a l l   b e n t h i c   d a t a   f o r   1 9 7 5   i n d i c a t e d   t h a t   b e n t h i c  

r e d u c t i o n  had  occurred a t   o n l y  two  s ta t ions .  However, when o n l y  

mol lusc  data was analysed,  reduced  counts  appeared a t   e l e v e n  

s t a t i o n s .   E l l i s   c o n c l u d e s   t h a t  "...mollusc  counts  per  sample  appear 

t o  be   the   most   sens i t i ve ,   and  p rac t ica l   benth ic   mon i to r ing   index  

de r i ved   t o   da te  by the  program." He f u r t h e r   s t a t e d   t h a t   t h e   b e n t h i c  

sampl i n g   t o  1975 s t r o n g l y   s u g g e s t s   t h a t  even l i g h t   t a i l   i n g s   d e p o s i t s  

can  reduce mol 1 usc  populat ions,  i n c l u d i  ng many e d i b l e   s p e c i e s   o f  

she1 1 f i sh. 

P e l l e t i e r   ( 1 9 7 7 )   b y   a v e r a g i n g   t o t a l   b e n t h i c   i n v e r t e b r a t e   c o u n t s  

f r o m   a l l   s t a t i o n s   i n   R u p e r t  and  Ho lberg   in le ts   conc luded  tha t ,  

a l though a g e n e r a l   r e d u c t i o n   i n   t h e  number o f   b e n t h i c   i n v e r t e b r a t e s  

a f t e r   s i x  months o f   d i scha rge  was e v i d e n t ,   t h e   l a s t   t w o   y e a r s  

i n d i c a t e d  a re tu rn   to   the   p re-opera t iona l   leve l   o f   100  o rgan isms  per  

square   foo t .   Th is  imp1 i es t h a t   t h e   o v e r a l l   b e n t h i c  community i n   t h e  

Rupert  - Hol  berg  sys  tem  dur ing  the  operat ional  1 i f e   o f   t h e   m i n e  has 

n o t  been s i g n i f i c a n t l y  a1 t e r e d  and i s   t h e r e f o r e   s u b j e c t   t o  

r e c o l o n i z a t i o n .  The independent  agency (UBC Summary Report,  1976) 

s u g g e s t s   t h a t   d a t a   i n d i c a t i n g   n a t u r a l   r e c o l o n i z a t i o n  may be 

"con founded"   by   i nc lud ing   p lank ton   (as   d i scussed   p rev ious l y )   o r   by  

changes i n  sampling  procedure.  Observations a t  abandoned marine 

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

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

r e c o l o n i z a t i o n  was l i m i t e d .  

4. Other  Data 

A cons iderab le  volume o f   d a t a  has  been  compiled i n   t h e   I s l a n d  

Copper  Mine  monitoring  program  on  such  parameters as d i s s o l v e d   m e t a l s   i n  

seawater,  zooplankton abundance, c h l o r o p h y l l   ' a '   l e v e l s ,  and e f f l u e n t  
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t o x i c i t y .  These data have not   revealed any deleter ious  impact  

a t t r i b u t a b l e  t o  the  mine  waste  disposal system. The present   repor t  

au thors   fee l   tha t   the   ex tens ive   da ta  on these  parameters  (excluding 

benthos)  tends t o  obscure  the  s igni f icance of the  impact on ben th i c   b io ta  

and the i r   hab i ta t ,   wh ich   i s   p resent ly   the   ma jor   a rea   o f   env i ronmenta l  

concern i n  R u p e r t   I n l e t  and contiguous  waters. 
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PLATES 1 TO 21 
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PLATE 1 SURFACE TURBIDITY AROUND THE NORTHERN END OF QUATSINO NARROWS 

AND  MOUTH OF  RUPERT I N L E T ,   A u g u s t  3, 1 9 7 3  

PLATE 2 "TURBIDITY CLOUDS" OFF THE MOUTH OF RUPERT I N L E T ,   A u g u s t  3, 1973 

R u p e r t  

i n l e t  

PLATE  3  TURBIDITY  FIELD OFF HANKIN  POINT,  August 3 ,  1 9 7 3  
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PLATE 4 REDUCTION I N  SURFACE TURBIDITY WEST OF MINE 

I N L E T ,   A u g u s t  3, 1 9 7 3  

I R u p e r t  

/ n / e f  

PLATE 5 SURFACE TURBIDITY AROUND THE WASTE DUMP AND 

TAIL INGS IMPOUNDMENT, A u g u s t   3 ,  19:73 

~ a 1 1 1 n g  Impoundment 

R u p e r t  / n l e t  

S I T E ,  RUPERT 

EMERGENCY 

PLATE 6 SHORELINE  EAST OF THE WASTE DUMP (UPPER LEFT)  , A u g u s t  3, 1 9 7 3  

R u p e r f  

/ n / e f  
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PLATE 7 SURFACE T U R B I D I T Y  I N  THE  WESTERN POFITION OF QUATSINO NARROWS, 

August  3,   1973 

PLATE 8 SURFACE TURBIDITY I N  QUATSINO SOUND OFF DRAKE ISLAND, 

August  3, 1973 

( N o t e   t h e   b r e a k   i n   s u r f a c e   t u r b i d i t : /   a s  a r e s u l t   o f   t h e  

i n t r u s i o n   o f   w a t e r   f r o m   N e r o u t s o s   I n l e t . )  

0 u a I s  i n  o 

S o u n d  

I -1 

0 u a I s  i n  o 

S o u n d  
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PLATE 9 EXTENSION OF TURBIDITY FROM THE NORTHERN E N D  O F  QUATSINO 
NARROWS  DURING E A R L Y  FLOOD TIDE, May 8 ,  1974 

l b e r g  

n f  e t  

PLATE 10 TURBID "BOILS" OFF HANKIN POINT DURING THE LATE FLOOD TIDE, 
May 8,  1974  

PLATE 11 WASTE DUMP TURBIDITY, May 8 ,  1974 

R u p e r  f / n / e t  
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PLATE 1 2  MUSSEL  BED ON RED  ISLAND  SHOWING WDSTE DUMP SEDIMENT  DEPOSITS 

P L A T E  13 MUSSEL B E D  ON R E D   I S L A N D ,  S U R F A C E  SEDIMENT  REMOVED 

PLATE 14  H A N K I N   P O I N T   S H O W I N G   T A I L I N G S   D E P O S I T S   I N   T H E   I N T E R T I D A L  ZONE 
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PLATE 15 KELP COATED IN FINE  SILT,  KOKWINA  COVE,  QUATSINO  NARROWS 

PLATE 16 TAILINGS  DEPOSITS  AT  HANKIN  POINT 

PLATE 17 TAILINGS  BUILD-UP,  HANKIN  POINT 
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PLATE 18 TYPICAL EXAfb1PLES OF CIARIHE LIFE AND BOTTOF1 CONDITIOIJS IN 

O l l A T S I  t10 SOUND 

A. Sea U r c h i n ,   S t r o n g y l o c e n t r o t u s   f r a n c i s c a n u s ,   a n d   s t a r   f i s h  

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

B. S t a r f  i s h ,   d e r n a s t e r i   a s  i m b r i   c a t a  

C .  T u b i c u l  ous P o l y c h a e t e s   ( S e r p u l   i d s ,   S a b e l  1 i d s  

D.  Sponge 

E. Rock  Crab,   Cancer   productus 

F .   N u d i b r a n c h ,   T r i o n h a   c a r p e n t e r i  - 
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PLATE 19 BARNACLES  WITH A COVERING OF MINE  SEDIMENT,   HANKIN  POINT 

PLATE 20 ROCK SURFACE  BLACKENED  UNDER  FINE  SEDIMENT 

PLATE 21 DEGENERATION OF ENCRUSTING  ALGAE 
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APPENDIX I 

PERCENT TRANSMISSIBILITY* AND TIDAL CURVES FOR TRANSMISSOMETER SURVEYS 

Percen t   T ransmiss ib i l i t y  - November 8, 1973 

Percen t   T ransmiss ib i l i t y  - A p r i l  23, 1974 

Percent  Transmi  ssibi l  i ty - May 22, 1974 

Percen t   T ransmiss ib i l i t y  - May 28, 1974 

Percen t   T ransmiss ib i l i t y  - June 3, 1974 

Percent  Transmi  ssibi l  i ty  - June 10, 1974 

Changes i n  Percent  Transmi  ssibi 1 i t y  Dur ing a 

T ida l   Cyc le i n  R u p e r t   I n l e t  - J u l y  16, 1976 

Tidal  Curves  for  Transmi  ssometer  Surveys 

*One-metre l i g h t   p a t h  used. 



APPENDIX I PERCENT TRANSMISSIBILITY 
(a )  November 8,  1973 

Depth 'Time (PST) 
- (m) T- 1 T-2  T-3 T-4 T-2A 

0925  0800  1140  1240  0845 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
1 30 
1 35 
140 
145 
150 

32 

40 

43 

53 

42 

1 1  

10 

13 

12 

6 

38 

34 

49 

53 

47 

37 

30 

20 

0 

0 

0 

40 

40 

36 

39 

36 

29 

28 

24 

18 

16 

12 

13 

12 

15 

40 

50 

49 

44 

42 

42 

32 

37 

56 

63 

67 

45 

33 

38 

50 

49 

46 

37 

26 

24 

21 

18 



APPENDIX I PERCENT  TRANSMISSIBILITY 
(b )  April  23, 1974 

Stat ion 
Depth 'Time (PST) 
( 4  T- 1 T-2 T- 3 T-4 T- 5 

1825  1500 0900 1225* 0830" 
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. 
* Sampling date - April  24, 1974 



APPENDIX I PERCENT TRANSMISSIBILITY 
( c )  May 22, 1974 

S t a t i o n  
Depth 'Time (PST) 
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APPENDIX I PERCENT TRANSMISSIB IL ITY  
( d )  May 28, 1974 

Sta t ion  
Depth 'Tim (PST) 
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23 
22 
18 
15 
10 

26 ,< 

16 
27 
37 
34 
29 
25 
25 
30 
33 
25 
0 
0 
0 
0 
3 
8 
5 
0 
0 
0 

8 
2 

20 
25 
24 
23 
22 
21 
18 
18 
19 
18 
15 
12 
12 
11 
11 
14 
15 
16 
14 
15 
11 
12 
10 

0 
28 
53 
33 
30 
27 
25 
24 
25 
24 
25 
28 
26 
26 
29 
29 
30 
34 
39 
39 
36 
31 
18 

18 
20 
20 
20 
20 
20 
20 
20 



APPENDIX I PERCENT TRANSMISSIBILITY 
(e)  June 3, 1974 

S t a t i o n  
Depth 'Time (PST) 
(m) T- 1 T-2 T- 3 

1025 1040 1110 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
1 30 
1 35 
140 
145 
150 

8 
10 
48 
50 
45 
48 
21 
14 

7 
11 
12 
10 
9 
7 
6 
5 

13  
31 
26 
50 
38 
42 
30 
21 
10 
5 
5 
5 
4 
3 
2 
3 
3 
3 
3 

20 
23 
38 
34 
33 
32 
23 
25 
27 
28 
28 
23 
25 
20 
14 
10 
8 

10 
15 
14 
20 
22 
23 
20 

7 
8 
7 
9 
9 

10 
8 



. APPENDIX I PERCENT  TRANSMISSIBILITY 
( f )  June 10, 1974 

S ta t i on  

Depth 'Time (PST) 

( 4  T- 1 T- 2 T- 3 T-4 
21 45 21 00 1945 1545* 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
1 30 
1 35 
1 40 
145 
150 

9 
6 

33 
29 
52 
58 
58 
55 
52 
30 
10 

7 
40 
41 
32 
10 

0 
45 
40 
33 
43 
41 
22 
10 

3 
5 
5 
7 
5 
2 
0 
0 
0 
0 
0 

5 
20 
35 
40 
33 
34 
28 
27 
25 
24 
23 
23 
21 
18 
18 
20 
19 
18 
18 
16 
14 

45 
60 
70 
70 
67 
63 
59 
57 
60 
61 
61 
62 
64 
64 
58 
50 
45 
41 
34 
26 
24 
20 
14 

4 
2 

* Sampling  date - June 11, 1974 
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APPENDIX I 1  

SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( a )   H o l b e r g   I n l e t  - February 11,  1975 

( b )   R u p e r t   I n l e t  - February 11,  1975 

( c )  R u p e r t   I n l e t  - February 12, 1975 

( d l  H o l b e r g   I n l e t  - February 13, 1975 

( e )   H o l b e r g   I n l e t  - February 13,  1975 

( f )  Quats ino Sound - February 14, 1975 



APPENDIX I 1  SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

(a)  Hol  berg I n l e t  - February 11, 1975 

D I V E  NO.: 

LOCATION: 

POSITION: 

TIME : 
DEPTH: 

DURATION: 

P I LOT: 

OBSERVER: 

294 

Holberg I n l e t   ( o f f   P o t  Rock) 

Submerge Surf ace 

50'35.0'N 50'35.0'N 

127'39.4'W  127'39.1 ' W  

1010 hours 

115 metres 

3 hours 

P. LeGal l a i s  

D. Goyette 

OBSERVATIONS: 

30 m 

50 m 

65 m 
75 m 

100 m 
115 m 

80 m 

50 m 

Water  murky, v i s i b i l i t y   a p p r o x i m a t e l y  1.8 metres  (end  of  
orange  claw).  Individual suspended p a r t i c l e s  

di   st ingui   shable.  

Few chaetognaths  appearing. 

V i s i b i l i t y   a p p r o x i m a t e l y  1.8 metres. 

Increase i n   p a r t i c u l a t e   m a t t e r ,   z o o p l a n k t o n   n o t   i n   s i g n i -  

f i cant  numbers. 

V i s i b i l i t y  reduced due t o   l a r g e   p a r t i c l e s   i n  suspension. 

On bottom, v i s i b i l i t y  0.6 metres,  bottom  covered i n  

t a i l i n g s ,  numerous c ra te rs ,  few shrimp  (Pandalid) 

observed. Fish  observed were  hake, eelpout,  sole, 
r a t f  i sh. 

Moved t o  new p o s i t i o n ,   t a i l  i ngs present, v i   s i b i  1 i ty 

improved  but   insuf f ic ient   for   adequate  observat ions,  a few 

shrimp  observed. 
V i s i b i l i t y  moderate,  rocky  bottom, l i g h t  brown sediment, 

no t a i l i n g s  observed, few r o c k f i s h ,   s t a r f i s h  

(Pseudarcaster  sp), and shrimp  observed. 



40 m 
20 m 

Substrate smal 1 rocks, v i  sibi 1 i t y  approximately 3 metres. 
Returned t o  surface. 

REMARKS : 

Visibility was  very  poor a t  115 metres and improved slightly above 50 
metres.  Observations were limited and Pisces operations d i f f i c u l t .  The 
reduced v i  sibi 1 i t y  was  due t o  a h i g h  concentration of brown coloured 
particles suspended i n  the water. No definite layering of either 
t u r b i d i t y  or zooplankton was observed. Tailings (from the distinct grey 
colour) were evident up t o  a depth of 80 metres and n o t  seen a t  50 
metres. 



APPENDIX I 1  SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( b )   R u p e r t   I n l e t  - February 11,  1975 

DIVE NO.: 

LOCATION: 

POSITION: 

TIME : 

DEPTH: 

DURATION: 

PILOT: 
OBSERVER: 

295 

Ruper t   In le t   cen ter   channe l ,  abeam o f  Red I s l a n d  

Submerge Surf  ace 

50'35.25'N 50'35.25'N 

127'27.4' W 127'27.4' W 

1355 hours 

90 metres 

65 m i  nutes 

I. Sanderson 

D. Goyette 

OBSERVATIONS: 

10 m F i n e   p a r t i c l e s  suspended in   the   water   p roduc ing  a m i l k y  

grey  appearance. 

25 m Hal o c l  i ne  observed. 

60 m No zooplankton  observed  to  th is  depth.  

85 m A few euphausids and hyper id  amphipods appearing.  Size o f  
suspended pa r t i c l es   i nc reas ing .  

90 m On bottom.  Bottom  not  v is ib le due t o   h i g h   t u r b i d i t y ,  
appearance o f   w a t e r   s i m i l a r   t o  a  very dense fog. 

Distance - viewport   to  bot tom  approximately 0.7 metre. 

Returned to   the   sur face .  

REMARKS : 

Ent i re   water  column e x t r e m e l y   t u r b i d   w i t h   v i s i b i l i t y   r a n g i n g  between 1.8 

metres a t   t h e   s u r f a c e   t o   l e s s   t h a n  0.3 metre  below  a  depth o f  60 metres. 

Appearance o f   t he   wa te r  column,  surface t o   t h e   b o t t o m ,   s i m i l a r   t o  a dense 

fog. V i s i b i l i t y  decreased  gradual ly   wi th  no d i s t i n c t   l a y e r i n g .   F i n e  

suspended par t ic les  throughout   the  water  column g i v i n g  it a d e f i n i t e  grey 



col  our. Lack of v i  sibi 1 i t y  prevented observa t ions  and  photography. 
Unable t o  see the bottom,  approximately 0.7 metre from viewport. 
P a r t i c l e s  extremely fine,  unable   to  d i s t inguish  ind iv idua l   pa r t i c l e s  
u n t i l  near the bottom. Increase i n  p a r t i c l e   s i z e   p o s s i b l y  due t o  
f 1 occul  a t i  on. 



APPENDIX I 1  SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( c )   R u p e r t   I n l e t  - February 12,  1975 

D I V E  NO.: 
LOCATION: 
POSITION: 

TIME : 

DEPTH: 

DURATION: 

PILOT: 

OBSERVER : 

297 

Ruper t   In le t   cen ter   channe l  , abeam o f  Red I s l a n d  

Submerge Surf  ace 

50'35.35'N 50'35.35'N 

127'26.7' W 127'26.7' W 

1345 hours 

75 metres 

92 mi nutes 

J .  Power 

D. Goyette and C. P e l l e t i e r  

OBSERVATIONS: 

Transmi  ssometer  readi ngs were  recorded  during  the  descent: 

Surface - 18% 

15 m - 26% 

30 m - 12% 

35 m - 9% 

50 m - 5% 

70 m - 4% 
75 m - 3% (bottom) 

L i t t l e  change i n   v i   s i b i  1 i ty over  Dive No. 295 i n   t h e  same 

area. Dense grey fog throughout  water column. Size o f  many 

o f   t h e  suspended p a r t i c l e s  appeared to   inc rease  near   the  

bottom.  Contact   wi th  the  bottom  at  75 metres. 

REMARKS: 

Unable t o  observe  the  bottom.  Dive was terminated soon a f t e r   c o l l i d i n g  

w i t h  an underwater  object. 



APPENDIX I 1  SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( d )   H o l b e r t   I n l e t  - February 13, 1975 

DIVE NO.: 298 
LOCATION: West o f   S t ragg l ing   Is1  ands 
POSITION: Submerge Surface 

50°36.0'N 50O35.1 ' N  

127'43.9'W 127O44.O'W 
TIME : 0950 hours 
DEPTH: 90 metres 
DURATION: 1  hour , 54 m i  nutes 
PILOT: P. LeGal l a i s  

OBSERVER: H. Nelson 

OBSERVATIONS: 
Transmi  ssometer  readings on descent: 

Surface - 51 % t ransmi   ss i   b i  1 i ty 

25 m - 36% 
50 m - 26% 
90 m - 7% on bottom 

V i s i b i l i t y  poor,  worse  than  Dive No. 2 94 (Pot  Rock 1. 
Pa r t i c l e   s i ze   l a rge r   t han   t ha t   obse rved   i n   Ruper t   I n le t .  
Ascended t o  50 m e t r e   d e p t h   f o r   b e t t e r   v i s i b i l i t y  and 
headed t o   n o r t h  shore.  Contacted  bottom  again a t  65 m. 
T r a n s m i s s i b i l i t y   a t  65 m was 22%, s u b s t r a t e   s o f t  mud, no 
ev idence   o f   t a i l i ngs  on the  bottom. Numerous c ra te rs ,  few 
shrimp.  Plankton  (chaetognaths, amphipods, small 
euphausids) f a i r l y  abundant  during  descent. 



APPENDIX I 1  SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( e )   H o l b e r t   I n l e t  - February 13,  1975 

DIVE NO.: 

LOCAT I ON : 

POSITION: 

TIME : 

DEPTH: 

DURATION: 

P I  LOT: 

OBSERVER : 

299 

Near the  head o f  Hol  berg I n l e t  

Submerge Surface 
50'37.9'N 50'38.15'N 

127'54.9'W  127'54. 7'W 
1345 hours 

55 metres 

96 minutes 

I. Sanderson 

H. Ne1 son 

OBSERVATIONS: 

Transmissometer  readings on descent and ascent: 

Surface - 60 - 70% transmi  ssibi  1 i ty 

50 m - 40% 

55 m - 50% on bottom 

45 m - 30% 

40 m - 26% 

I 1  

I1 

Many plankters  observed  during  descent.  Contacted  bottom 

a t  55 m, v i s i b i l i t y  2.4 t o  3.0 m and  murky. Substrate 

so f t ,  brown mud; numerous c r a t e r s  up t o  10 cm i n  diameter. 

Amphipods and  euphausids  abundant  during  descent.  Several 

f l a t   f i s h  observed.  Size o f  suspended p a r t i c l e s   s m a l l e r  

than  those seen on Dive No. 298. A t  45 m movi ng towards 

shore, l i t t l e  change i n  substrate, few shrimp,  occasional 

e e l p o u t .   V i s i b i l i t y  decreased  towards  shore,  increase i n  

marine l i f e ,  eg., pandal id   shr imp,   ee lpouts ,   f la t f ish (15 

t o  20 cm long)   f requent ly  observed. A t  40 m water murky; a 
few anemones,  number o f   l a r g e  empty clam  shel ls, many 

zooplankters  (mostly  euphausids)  observed. A t  20 m, 

ascended to  surface. 



APPENDIX I 1  SUBMERSIBLE D I V I N G  OBSERVATIONS - PISCES IV 

( f )  Quats ino Sound, February 14,  1975 

D I V E  NO.: 

LOCATION: 

POSITION: 

TIME : 

DEPTH: 

DURATION: 

P I  LOT: 

OBSERVER : 

300 

West o f  Drake I s land  

Submerge Surface 
50O29. 9'N 50'30.23'N 

127"44.65'W 127'45.35'W 

1320 hours 

125 metres 

2 hours, 34 minutes 
F. Chambers 

D. Goyette 

OBSERVATIONS: 

Surf ace V i s i b i l i t y   v e r y  good, c lear .  

25 m Water col  our  dark  blue,  increase i n  suspended p a r t i c l e s  

compared w i th   the   sur face   bu t   water   c la r i t y   remained 

35 m 

50 m 
65 m 

75 m 

100 m 

extremely  c lear.  

Increase i n   s i z e  and concent ra t ion   o f  suspended p a r t i c l e s ,  

no sign  of  zooplankton, suspended p a r t i c l e s  appear  as 
brown to  whi t ish  coloured  matter,   short   (20.3 mm) s t r i n g s  
to  small  spheres  (presumably  diatom). 

Few chaetognaths  appearing; odd, small  euphausid 

Number of  small  euphausid  increasing. 

Concentrat ion  of  suspended pa r t i c l es   rema in ing   re la t i ve l y  
uniform,  chaetognaths and euphausids  the  dominant 
pi  ankton. 

Holding a t  100 m t o   a t t a c h  more l i n e   t o   s u r f a c e  buoy, 

number o f   wh i te   f l ecks  observed, s i m i l a r   i n   s i z e  and shape 

t o  herr ing  scales.  



120 m 

105 m 

100 m 

75 m 

70 m 
65 m 

60 m 

50 m 

On the  bottom, v i s i b i l i t y  very good, approximately 4.5 m; 
l i g h t  brown t o   s l i g h t l y  grey  colour  to  sediment, no s ign  

o f   t a i l i n g s ;  mud very   so f t ,   v ib ra tes  ahead o f  sub  when 

skids  touch; number of   shr imp  present;   substant ia l  numbers 

of  chaetognaths  (most  dominant  plankton); number o f   l a r g e  

(5.0 t o  7.6 cm) shrimp  observed;  increase i n   t h e  number o f  

Hyperid amphipods; 40 t o  50 chaetognaths  observed a t  any 

given  t ime;  several  small  (2.5 cm) orange  coloured  pelagic 

polychaetes; one pteropod  (pelagic  mollusc);  bottom smooth 
w i t h  numerous l a rge   c ra te rs ;   l a rge  numbers o f   Panda l id  

shrimp  (Pandalopsis  dispar); a number o f   f l a t f i s h ,  

ee lpou ts ,   ra t f i sh ,  hake, small  orange-banded  rockfish; 

several  clumps  of  cloud sponge 0.3 t o  0.6 m i n  diameter. 
Steep mud i n c l i n e .  

Bottom  changed to  coarser  sediment,  rock cod, sea urch in;  

l a r g e  number of  shrimp  observed. 

Crossaster sp, Pseudarcaster sp. 

C1  ump o f   c l o u d  sponge. 

Large numbers of   Psolus  (creeping cucumber)  on small 

rocks;   large numbers o f   squat   lobs ters  and  Munida sp. 

Substrate  type has a d e f i n i t e   r e l a t i o n s h i p   t o   t h e   s p e c i e s  

observed. 

Sea  anemone; number o f   boo t  sponge (Hexact i  ne1 1 i da) 

s i m i l a r   t o   t h o s e  commonly seen i n  Saanich In le t ;   bo t tom 

cons is ted   o f   rock  and coarse  sediment;  several  large 

schoo ls   o f   rock f ish ;   no t iceab le   inc rease  in   var ie ty  o f  

marine 1 i fe   ove r   t ha t   obse rved   a t  120 m. 
Area o f  l a rge   bou lde rs ;   f u r the r   i nc rease   i n  amount o f  
mar ine   l i f e ;   l a rge   schoo ls  o f  rockf ish,   Parast ichopus sp; 

bottom  changing to   coarse  gravel  and sand; decrease i n  the  

number o f  shrimp;  large  skate;  pink and wh i te  banded 

r o c k f i s h ;   w a t e r   s l i g h t l y  murky. 



f 

30 m Gravel bottom, occasional boul der; wood debris  (natural ). 

25 m Left bottom; steep cliff;  visibility 5.5 t o  6.0 m. 

REMARKS: 
V i  sibi 1 i t y  excel lent, making P i  sces operation easier t h a n  previous dives. 
No evidence of the grey coloured  suspension which was noted i n  Rupert 
Inlet. Al though the concentration o f  suspended particles was relatively 
high, the water between the particles was clear, giving excellent 
visibility ( t o  the maximum penetration of the submersible's l i g h t s ) .  
Plankton abundant below 65 m w i t h  very large  concentrations o f  

chaetognaths. Area extremely rich i n  marine l i fe  with a variety of fish 
and invertebrates. Pandalid  shrimp  very abundant u p  t o  50 metres. 
Numbers and presence of shrimp  appear t o  be associated w i t h  mud bottom. 

Increase i n  numbers of rockfish  associated w i t h  boulders or rocky areas. 
Numerous craters observed i n  the mud bottom. Craters have  been  seen 
frequently i n  Alberni Inlet, Indian  A r m ,  and Howe Sound. Craters appear 
t o  be  formed by an unidentified organism. Craters end i n  a well-defined 
and maintained hole approximately 3.0 t o  7.6 cm i n  diameter which 
frequently  leads off a t  right angles t o  the base of the crater. No 
tailings observed a t  any depth. 
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APPENDIX I I I 

COULTER COUNTER ANALYSIS 

APRIL ,  1974 

AT STATIONS T-1, T-2,  T-3,  T-4, 1-5 



APPENDIX I11 COULTER COUNTER ANALYSIS - APRIL, 1974 

Depth s i  bi 1 i ty Sta t i  on Range Range.. 
Transmi s- Volume Di am ter  Di s tr i  - 

(m) 
Particle bution 
Count/mL 

( X )  h m 3 )  (urn' ( X )  

T- 1 0 0 . 4 - 1 1  
11 - 25 
25 . -  39 
39 - 60 
58 - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

.30 9 

70 0 

4 - 11 
11 - 25 
25 - 39 
39 - 60 
58 - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

4 - 11 
11 - 25 
25 - 39 
39 - 60 
58 - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

1.9 - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
Total Count 

1.9 - 2..8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
To ta  1 Count 

1.9 - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 

Total Count 

17,644 
21 ,'318 
11,760 
17,822 
15,230 

7,538 
7,750 
1,892 

462 
144 

95,560 

18.5 
22.3 
12.3 
12.4 
15.9 
7.9 
8.1 
2.0 
0.5 
0.2 

10,490 
7,016 
2,070 
1,280 

71 6 
346 
302 
200 

0 
0 

22,420 

14,042 
7,974 
2,986 
2,228 
2 , 384 

908 
8 32 
404 
120 

0 

31,878 

46.8 
31 . 3  
9.2 
5.7 
3.2 

' 1.5 
1.3 
0.9 
0.0 
0.0 

44.0 
25.0 
9.4 
7.0 
7.5 
2.8 
2.6 
1.3 
0.4 
0.0 
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APPEMDIX 111 COULTER  COUrlTER ANALYSIS - APRIL, 1974 
! 

Transmi s- Volume 
Depth s i  b i  1 i ty  Oiameter P a r t i c l e  bution Station Range 

(%I  
Range 

(urn3)  ( I - l rn)  ( X )  

D i s t r i -  

(m) Coun t / m L  

T- 2 0 0 . 4  - 11 
17 - 25 
25 - 39 
39 - 60 
58  - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

50  6 4 - 11 
11 - 25 . 

25 - 39 
39 - 60 
.58 - 116 

1 1 6  - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

90 0 4 - 11 
11 - 25 
25 - 39 
39 - 60 
58 - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

1.9 - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
Total   Count 

. .  
1.9 - 2..8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
Total  Count'  

1.9 - 2.8 
2 .8  - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 

Total   Count 

6,590 
16,348 
13,436 
9,838 

13,812 
5,978 
4,734 
2,082 

380 
54 

73,252 

7 ,G98 
10,804 

1,882 
1,122 
1,762 

5 82 
3 74 
228 

56 
0 

23,938 

16,944 
12,700 
5,662 
4,760 
5,618 
2,026 
1,230 

6 42 
156 

0 

49,9  38 

9.9 
22.3 
1E.3 
13.4 
18.9 
8.2 
6.5 
2.8 
0.5 
0.1 

29.7 
45.2 

7.9 
4.7 
7.4 
.2.4 
1.6 
1 .o 
0.2 
0.0 

33.9 
25.4 
11.7 

9.5 
11.2 
4.2 
2.5 
1.3 
0.3 
0.0 



APPENDIX 11 I COULTER COUr4TER ANALYSIS - APRIL, 1974 

Transmi s- Volume 
Depth si bi 1 i t y  Sta ti on Range 

( 9 )  
Range 

(u rn3)  (Em) 

Diameter Particle bu t ion  Distri- 

(m) Coun tlmk 
( X )  

T- 3 0 0 

20 14 

150  12 

. 4  - 11 
11 - 25 
25 - 39 
39 - 60 
58  - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

4 - 11 
11 - 25 - 

25 - 39 
39 - 60 
58 - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

4 - 11 
11 - 25 
25 - 39 
39 - 60 
5 8  - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

1 .9  - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2  4 .8  
4 .8  - 6.0 
6 .0  - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
Total  Count 

1.9 - -2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4 .8  - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4  
Total  Count 

1.9 - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4 . 8  
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2,  
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
Tota l  C o u n t  

31,032 
19,260 
14,050 
11,650 

N/R* 
I 1  

I I  

7,778 
2,316 
2,222 
2,586 
N/ R 

I I  

I I  

20,546 
19,844 
11,644 
8,388 
8,180 
3,384 
1,520 ' 

1,686 
456 

60 
75,708 

27.1 
26.2 
15.4 
11.1 
10.8 
4.5 
2.0 
2.2 
0.6 
0.1 

. 

*FI/R - No Record 



APPEMDIX 111 COULTER COUNTER ANALYSIS - APRIL, 1974 

~ ~~ ~ ~~ . ~ ~ 

Transmi s- Volume 
Depth si bi  1 i t y  Sta t i  on 

( X )  
Rang! Range 
(urn 1 (urn> 

Oiameter Particle bution D i  s t r i -  

(m) Count/mC 
( X )  

T- 4 0 

” 

40 
. 

100 

0 .4  - 11 
11 - 25 
25 - 39 
39 - 60 
58 - 116 
116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

39 4 - 11 
11 - 25 
25 - 39 
39 - 60 
-58 - 116 
116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

1.9 - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
To tal Count 

1.9 - 2..8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4.8 
4.8 - 6.0 
6.0 - 7.0 
7.0 - 8.2 
8.2 - 10.0 
10.0 - 11.2 
11.2 - 12.4 
Tota l  Count 

25 4 - 71 1.9 - 2.8 
11 - 25 2.8 - 3.6 
25 - 39 3.6 - 4.2 
39 - 60 4.2 - 4.8 
58 - 116 4.8 - 6.0 
116 - 174 6.0 - 7.0 
174 - 290 7.0 - 8.2. 
290 - 520 8.2 - 10.0 
520 - 752 10.0 - 11.2 
752 - 984 11.2 - 12.4 

Total C o u n t  

3,29,4 
2,044 
884 
5 72 
6 86 
226 

N/R* 
- 
I1 

I1 

7 , 706 

4,786 
3,068 
1,440 
642 
342 
56 

N/ R 
I1 

10,334 

42.7 
26.5 
11.5 
7.4 
8.9 
2.9 

46.3 
29.7 
13.9 
6.2 
3.3 
0.5 

16,220 38.6 
9,638 22.9 
5,740 13.6 
5,250 12.5 
2,474 5.9 
1,470 3.5 
1,266 3.0 

N/ R 

11 

42,058 

*N/R - No Record 



APPENDIX 111 COULTER COUrlTER ANALYSIS - APRIL, 1974 

Depth si bi  1 i ty  Stat ion (m) Range  Range 
Transmi s- Vol ume Diameter Distri- Pa r t i c l e  but ion 

Coun t/mt 
( X )  (urn3 ) (urn) ( X )  

T- 5 0 0 .4 - 11 
11 - 25 
25 - 39 
39 - 60 
58 - 116 

116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

1.9 - 2.8 
2.8 - 3.6 
3.6 - 4.2 
4.2 - 4 .8  
4 . 8  - 6.0 
6 .0  - 7.0 

8.2 - 10.0  
10.0 - 11.2 
11.2 - 12.4 
Total Count 

7.0 - 8.2 

6,282 
3,756 
2 ,172  
2,174 
1,932 
1,096 
1,080 

82 8 
264 
108. 

19,692 

31.9 
19.1 
11 .o  
11.0 
9.8 
5.6 
5.5 
4.2 
1 . 3  
0 .5  

30 18 4 - 11 
11 - 25 . 

25 - 39 
39 - 60 
58 - 116 

' 116 - 174 
174 - 290 
290 - 520 
520 - 752 
752 - 984 

1.9 - 2..8 

3.6 - 4.2 
4.2 - 4.8  

6.0 - 7.0 
7.0 - 8.2  
8.2 - 10.0 

10.0 - 11.2 
11.2 - 12.4 
To t a  1 Count 

2.8 - 3.6 

4.8 - 6.0 

6,516 
3,256 
2,062 
2,198 
2,355 
1,304 
1,324 

806 
194 

22 
20,040 

32.5 
16.2 
10.3 
11 .o 
11 .o 
6 .5  
6.6 
4.0 
1 .o 
0.1 

. 



APPENDIX 1V 

MINE SEDIMENT  DEPOSITION - GRAB SAMPLES 

(a )  November,  1971 
( b )  October, 1973 
( c )  May and June, 1974 

Legend 

T - tailings 
0 - overburden' 
m - mud 

sh - she1 1 fragments 
g - gravel 
s - sand 
rk - rock 



APPENDIX IV MINE  SEDIMENT  DEPOSITION - GRAB SAMPLES 
(a )  November, 1971 

S t a t i o n  Depth Original  Sediment Thickness 
(m) Substrate  Description (cm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

70 
11 
12 
13 
14 

67 
100 
110 
100 

98 
82 
89 
85 

93 
33 
24 
19 
130 
105 

m 

m 
m 
m 
rn 
- 
m 
rn 
m 
rk 
rk 
rk 
m 
17 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

trace 
1.3 

trace 
5.0 
1.3 

>30.0 
0.6 

trace 
1.3 
1.3 

. trace 
trace 
trace 



(b)  October, 1973 (cont inued)  

" ~ - ~ ~  ~~ ~ 

S t a t i o n  Depth  Original  Sediment  Thickness 
(m) Subst ra te   Descr ip t ion  (cm) 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

138 
159 
155 
149 
44 
150 
60 
120 
45 
48 
24 

1 i g h t  
t r a c e  
t r a c e  
t r a c e  
1 i g h t  

>30,0 
0.6 
1.3 
- 
0 

. 



APPENDIX I V   M I N E  SEDIMENT  DEPOSITION - GRAB SAMPLES 
( b )  October, 1973 

Station Depth Original Sediment Thickness 
( m )  Substrate  Description ( 4  

1 
2 
3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 

26 

30 ma Sh 
68 ' m 
16 rn 
10 9 
10 m 

rn 
97 - 
- 

45 - 
72 - 
43 - 
52 - 
74 m 
44 lil 

35 m a  coarse s 
24 m, coarse s 
76 m 
37 m 
19 m 
20 I7 

47 m 
70 9 

1 04 m 
101 - 
101 - 
35 m, s 
87 rk 

- 
T 
0 
0 
0 
T 
T 
T 
T 
T 
T 
T 
0 
0 
- 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
- 

20.0 
>30.0 

1.3 
>2.5 

trace 
0.6 

>30 0 
1.3 
0.6 

20.0 
2.5 
1.3 

1 ight 
1.3 

20.0 

20.0 
>30.0 
>30.0 
trace 

(continued) 



APPENDIX I V   M I N E  SEDIMENT  DEPOSITION - GRAB SAMPLES 
(c) May and June, 1974 

~~ ~~ ~~~~ ~ 

Station Depth Or ig ina l  Sediment Thickness 
( m )  Substrate  Description (cm) 

1  20 
2 32 

3 50 
4 '  1 37 
5 105 
6 116 

7 166 
8 165 
9 164 

10 157 
11 165 

12 168 

13  151 
14  129 
15 158 

16 168 
17  159 
18 166 
19 153 

rk, rn 
brown sedi- 
ment, fine g 
? 
- 
rk 
s ,  possibly 
on rk 
- 
- 
- 
- 
s,  possibly 
on rk 
- 
coarse s 
coarse s 
rk 
rk 
rk 
rk 
0 

. 



APPENDIX V 

QUALITATIVE SCUBA DIVING OBSERVATIONS, 1970 - 1975 

July,  1970 
July,  1971 
Augus t ,  1972 
October,  1973 
April , 1974 
May , 1974 
June, 1974 
September,  1974 
July,  1975 



APPENDIX V QUALITATIVE SCUBA D I V I N G  OBSERVATIONS, 1970 - 1975 

(a )   Ju ly ,  1970 

LOCAT I ON : Narrow I s land ,   Ruper t   I n le t  

STATION NO.: 4 
OBSERVATIONS: Substrate;  rock  ledges and sand i n   t h e  more l e v e l  

areas. V i s i b i l i t y  good. Unusually  large sea pens, numerous 

s t a r f i s h ,  and an  abundance o f   o ther   inver tebra tes  and algae. 

(b )   Ju ly ,  1971 

LOCAT I ON : West o f  Ohlsen  Point,  Quatsino Narrows 

STATION NO.: 16 

OBSERVATIONS: Substrate,  rock  face and boulders.  Surface 

r e l a t i v e l y   f r e e   o f   n a t u r a l  sed iment   depos i ts .   V is ib i l i t y  good. 

Dense growth of   Nereocyst is  sp, la rge   purp le  sea urchins, sponges, 

tunicates,  hydroids  present. Numerous rock f ish .  Rocky surfaces 

heavi ly  encrusted w i  t h  marine 1 i f e  - L i  thothanmion sp., scal 1 op, 
sponge, tubiculous  polychaetes, anemones, gastropods,  chitons 

common.  Few abalone,  kelp  greenling and black sea  bass common. 

( c )  August, 1972 

LOCATION: Varney Bay, Rupert I n l e t  

STATION NO.: 8 
OBSERVATIONS: Substrate sand. V i s i b i l i t y  good. Cancer magister 

common, numerous burrowing anemones and  clams. Vertebrates 

inc luded  herr ing,  anchovy,  and perch  also  observed. 

. 



( c )  August,  1972 (continued) 

LOCAT I ON : South o f   Qua t t i sche   I s1  and, Quats ino Narrows 

STATION NO.: 14 

OBSERVATIONS: Substrate  rock  ledges and bou lde rs .   V i s ib i l i t y   ve ry  

good. Many t u b i c u l  ous polychaetes, sponges, tun ica tes  and  sea 

urchins  (Strongyl   ocentrotus f ranc i  scanus 1 very abundant. 

(d)  October, 1973 

LOCAT I ON : Near  Apple Bay, Hol  berg  In1 e t  

STATION NO. : 11 

OBSERVATIONS: Substrate sand  and cobble  with  very l i t t l e   f i n e  

sediment. Vi s i b i l  i ty  good. Numerous burrowing anemones and 

s t a r f  i sh. 

( e )  A p r i l ,  1974 

LOCAT I ON : Kokwi na Cove, Quats i  no Narrows 

STATION NO.: 15 

OBSERVATIONS: Substrate sand and small   rocks  with a l i g h t   c o v e r i n g  

o f   f i n e  sediment up t o  1 cm i n  t h i ckness .   V i s ib i l i t y   f a i r .   Seve ra l  
burrowing anemones. Rocks covered  wi th  encrust ing a1 gae, 

Lithothamnion sp., bryozoans, and sponges. Laminaria sp. common. 
Some marine l i f e  being  smothered by cove r ing   o f   f resh   f i ne  sediment. 

LOCAT I ON : Bay nor theast   o f  Kenny Po in t ,   Ruper t   I n le t  

STATION NO. : 7 
OBSERVATIONS: Substrate sand  and cobble  wi th  a l i g h t   c o v e r i n g  o f  

f ine,   f resh  sediment  over a l l  vegetat ion.   V is ib i l i ty   poor .   R ich 

a1 gal  growth and a var ie ty   o f   inver tebra tes .  



( e )   A p r i l  , 1974 (cont inued)  

LOCAT I ON : Bay northeast  of   Hanki   n  Point  

STATION NO. : 6 
OBSERVATIONS: Substrate sand  and some cobb le   w i th  a l i g h t   c o v e r i n g  

of   f ine  sediment   over   vegetat ion.   V is ib i l i ty   moderate.  Numerous 

Cancer crabs, few clams,  general l y  less  marine l i f e  than  other 

s ta t ions .  

LOCATION: Ad jacent   to   M ine   Ta i l ings  Impoundment 

STATION NO. : 5 

OBSERVATIONS: Subs t ra te   o r ig i   na l  l y  rock, now covered by m i  ne 

t a i l i n g s  up t o  a  depth  of  1 metre. V i s ib i l i t y   ex t reme ly   poo r .  No 
benthic  organisms  observed. 

LOCATION: West o f  Red I s l a n d ,   R u p e r t   I n l e t  

STATION NO.: 3 
OBSERVATIONS: Substrate  cobble  stones  and brown mud. V i s i b i l i t y  

very  poor.  Bottom  covered w i t h  a t h i c k   l a y e r   o f  mud 10 - 20 cm i n  

depth. No marine l i f e  observed. 

LOCAT I ON : North  shore  Hol   berg  In le t   near   Pot  Rock 

STATION NO. : 10 

OBSERVATIONS: Subst rate mud. V i s i b i l i t y  good. No evidence o f  

f resh  sediment  deposi ts on vegetat ion.  Very l i t t l e  suspended 

mate r ia l   i n   t he   wa te r .  

( f )  May, 1974 

LOCAT I ON : Bay a t   n o r t h  end o f   Qua ts ino  Narrows 

STATION NO.: 12 
OBSERVATIONS: Substrate  rock  ledges  and  boulders  with  a  fresh 

cover ing  o f   f ine  sediment .   V is ib i l i ty   moderate  to   poor .  

. 



4 

. 

Inver tebra tes  such as sea urch ins,   sca l lops,  sponges, tun icates,  

cup-corals, anemones, and polychaetes,  very common. Numerous rock 

f i s h ,  and a few abalone.  Fine  sediment  covering  vegetation and the 

mucus on some organisms.  Sedimentation  less  obvious  below a depth 

o f  12.2 metres.  Tai l ings  noted i n  areas o f   t h e   i n t e r t i d a l  zone. 

( g )  June,  1974 

LOCAT I ON : Oh1 sen  Point,  Quatsino Narrows 

STATION NO.: 13 

OBSERVATIONS: Swbstrate  rock  ledges,  boulders and coarse sand. 

Fresh, f i n e  sediment i n  c rev ices  and  on vegetat ion i n  areas removed 

f r o m   s t r o n g   c u r r e n t   a c t i v i t y .   V i s i b i l i t y  good. Marine l i f e  

adundant. Fine  sediment  cover ing  encrust ing a1 gae. Some darkening 

of   the  underside  of   smal l   rocks imbedded i n   f r e s h  sediment  deposits. 

Areas  towards  the  center  of  the  Narrows  where  strong  t idal  currents 
e x i s t  were r e l a t i v e l y   f r e e   o f   f i n e  sediment  deposits. 

( h )  September,  1974 

LOCATION: Hanki n Po in t  

STATION NO. : 9 
OBSERVATIONS: Substrate  rock  ledges, sand, and boulders. Heavy 

deposi ts   o f   f resh  sediment  i n  rock   c rev ices   w i th  a l i g h t  film 

covering  the  rock  ledges.  Vis ib i l i ty   moderate.   Fine  grey  sediment 

cover ing much of   the  substrate,   smother ing  encrust ing  a lgae and 

c o v e r i n g   i n v e r t e b r a t e s   i n  some areas. Exposed areas  of  rock had a 

normal abundance o f   m a r i n e   l i f e .  Sea u rch ins   ac t i ve l y   f eed ing  on 

exposed encrust ing a1 gae. Subs tan t i a l   bu i l  d-up o f  m i  ne t a i l i n g s  

around  Hanki n P o i n t ,   i n f i  11 i ng many of   the  depressions a1 ong the 

rock  ledges. Upper surface  of  most  rocky  areas  also  covered by 

ta i l ings,   on ly   the  ver t ic le   faces  remained  f ree  o f   sediment .   Most  

benthic  invertebrates  normal ly  found on clean,  rocky  surfaces  were 

absent i n  areas  a f fected by t a i l   i n g s   d e p o s i t i o n .  



( i )   J u l y ,  1975 

LOCAT I ON : Hanki n P o i n t  

STATION NO.: 9 

' 

OBSERVATIONS: Subs t ra te   rock   ledges ,   sand  and  bou lders .   V is ib i l i t y  

moderate. Dove 0 t o  9.1 metres  from smal 1 bay e a s t   o f   H a n k i n   P o i n t  

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

i n t e r t i d a l  as we1 1 as subt ida l .   A lgae  covered  w i th  a t h i n   l a y e r   o f  

t a i l i n g s .   C r e v i c e s  and f l a t   s u r f a c e s   o f   r o c k   c o v e r e d   w i t h   v a r y i n g  

t h i c k n e s s e s   o f   t a i l i n g s ,  up t o  25 cm. Underside o f  rocks  b lackened. 

L i thothamnion sp. ( e n c r u s t i n g  a1 gae)  covered  by t a i l i n g s  was e i t h e r  

decaying  or  absent.  Removing sed iment   f rom  rocks ,   "dus t ing"   o f ten  

r e v e a l e d   c h i t o n s   s t i l l   f e e d i n g   o n   r e m a i n i n g   a l g a e .  Empty barnac le  
she1 1s commonly seen  beneath   the   ta i l ings   depos i ts .  

I n  deeper  areas  where  the  bottom  f lattened  out,  numerous  tube wonns 

and burrowi  ng anemones were  observed.  Other  marine l i f e   i n c l u d e d  

Cancer  crabs , r o c k f i s h ,  sea  cucumber ( P a r a s t i  chopus sp. 1 , and l a r g e  

p u r p l e  sea u r c h i n s  (S. - f ranc iscanus) .  

P y r i t e   f l e c k s   w e r e   v e r y   e v i d e n t   i n   t h e   s e d i m e n t   d e p o s i t s .   I n  some 

areas a brown  ge lat inous scum  was n o t e d   o n   t h e   s u r f a c e   o f   t a i l i n g s .  

Considerable  increase i n   t h e   t h i c k n e s s  and  area o f  t h e   t a i l i n g s  

d e p o s i t s   o v e r   t h e   p r e v i o u s   y e a r .   L a r g e   p o r t i o n   o f   t h e   s u b s t r a t e  

around  Hanki n P o i n t  now b l a n k e t e d   b y   t a i l i n g s .  

LOCAT I ON : South  shore o f   R u p e r t   I s l a n d  

STATION NO. : 1 

OBSERVATIONS: Subs t ra te  mud and  sand w i t h  some cobb les   covered  w i th  

a t h i n   l a y e r   o f   f i n e ,  brown ( n a t u r a l )   s e d i m e n t .   V i s i b i l i t y  good. 

Many la rge   Paras t ichopus sp. and  laminar ians.  A t r a c e  o f  f i ne ,   g rey  

sediment was n o t e d   a t  7.6 t o  9.1 metre  depth.   This was n o t  seen a t  a . 



( i )   J u l y ,  1975 (cont inued)  

. 
depth  of 15.2 t o  18.2 metres.  South  shore,  across from mine s i t e  

does no t  show the heavy s i l t a t i o n  observed  around  the mouth o f  

R u p e r t   I n l e t  and Quats ino Narrows. 

LOCATION: Eas t   o f  Red I s l a n d ,   R u p e r t   I n l e t  

STATION NO. : 2 

OBSERVATIONS: Substrate  rock  ledges, sand, mud and a few cobbles. 

V i s i b i l i t y  good. Rock ledges  covered  wi th   encrust ing  cora l   l ine 

algae,  pink and dark  red. No t a i l i n g s   e v i d e n t   i n   c r e v i c e s  and 

pockets. A t h i n   c o v e r i n g   o f   f i n e  brown  sediment,  presumably from 
the  waste  rock dump, on vegetat ion and rocks. No s i g n i f i c a n t  

e f fec ts   o f   sed iment   depos i t ion  on marine l i f e  were noted. 

LOCATION:  Oh1 sen  Poi n t  , Qua t s i  no Narrows 

STATION NO. : 13 

OBSERVATIONS: Substrate,  rock  ledges,  boulders 

V i s i b i l i t y   f a i r .   F i n e  grey  sediment ( t a i l i n g s )  

crev ices,  i n  pockets i n  the sand  and gravel  and 

and coarse sand. 

accumul a ti ng i n rock 

a t   t h e  base o f  

rocks.  This i s  most  not iceable i n   t h e   s h e l t e r e d   n o t c h   t o   t h e   n o r t h  

o f  Ohlsen  Point.  Sediment  deposits  appear  to have increased  since 
prev ious  d i  ves . 
LOCAT I ON : Kokwi na Cove , Qua t s i  no Narrows 

STATION NO. : 15 

OBSERVATIONS: Substrate and vegetat ion  covered  wi th  heavy 

accumulation  of  fresh,  grey  coloured  sediment up t o  2 cm i n  
th ickness .   V is ib i l i t y   very   poor .   Large   laminar ians  and c o r a l l i n a  

covered by film of  sediment  f iner  than  that   observed  of f   Hankin 

Po in t .   S t r i ngs   o f   pa r t i cu la te   ma t te r   obse rved  suspended i n  the 

water column ( t o p  6.1 metres). 



(i) July,   1975  (cont inued)  

LOCATION: Bay n o r t h e a s t   o f  Kenny P o i n t ,   R u p e r t   I n l e t  

STATION NO.: 7 

OBSERVATIONS: Subs t ra te ,   rock   ledges ,   cobb le .   F ine ,   l i gh t   g rey  

co loured  sediment   covered  most   o f   the  subst rate  beneath  the 

i n t e r t i d a l  zone, i n  some areas  up t o  2 cm i n  thickness.  Sediment 

much f i n e r   t h a n   t h a t  seen o f f  Hanki n Po in t .   Not iceab le   inc rease i n  

th ickness  o f   the  deposi ts   over   prev ious  observat ions.   Area  appears 

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

t u r b i d i t y   " c l o u d s "   g e n e r a t e d   o f f   H a n k i  n Po in t .  The accumula t ion   o f  

sediment  deposi ts  appears  to  be  occurr ing a t  a g r e a t e r   r a t e   t h a n  

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

Hankin  Point.  Deeper  areas  (15.2 t o  21.3 m e t r e s )   e n t i r e l y   c o v e r e d  

by t a i l i n g s .  Dark  brown scum observed  on  the  surface o f  t h e  

sediment i n  many areas.  This was not  observed  on  natural  sediment 

d e p o s i t s   i n   o t h e r   a r e a s   o f   Q u a t s i n o  Sound. 

LOCAT I ON : Drake  Is land,   Quats ino Sound 

STATION NO.: 17 

OBSERVATIONS: Substrate;   rock  ledges,  cobble,   coarse sand. 

Abundance o f   m a r i n e   l i f e   o b s e r v e d ,   i n   p a r t i c u l a r   t u b i c u l o u s  

polychaetes.   Rocky  sur faces  heavi ly   encrusted  wi th  a v a r i e t y  

macro- inver tebrates - sponge, tun ica tes ,   mo l luscs ,   nud ib ranch 

Goby and k e l p   g r e e n 1   i n g   f i s h  commonly observed. L i g h t   g r e y  

sediment,  presumed t o  be t a i l i n g s ,   o b s e r v e d  amongst the  grave 

o f  

, e t c .  

1 a t  a 

. 

d e p t h   o f  12.2 metres, i n   c e r t a i n  areas. No d e f i n i t e   i n d i c a t i o n  o f  

t a i l i n g s   d e p o s i t i o n   a t   o t h e r   d e p t h s ,  a1 though  an  abnormal amount o f  

sediment was noted on t h e   v e g e t a t i o n  and  rocky  surfaces i n  most 

areas. No v isua l   impact  on t h e   r e s i d e n t   b i o t a  was noted. 



APPENDIX V I  

T I S S U E  HEAVY  METAL ANALYSIS 
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