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ABSTRACT 

Dur ing 1975 the  Environmental   Protect ion  Service  and  the 

B r i t i s h  Columbia F i sh  and W i l d l i f e  Branch  undertook a s p r i n g  and f a l l  

assessment o f   the   watershed  ad jacent   to   Nor tha i r  Mines  Ltd. now under 

cons t ruc t ion   near  Brandywine, B.C. The chemical,  physical and 

b io log ica l   composi t ion  o f   the  major   s t reams  dra in ing  the  mine  and 

mill s i t e s  were  documented. The p r i m a r y   o b j e c t i v e   o f   t h e s e   s t u d i e s  

was two- fo ld ;   (a )   to   es tab l i sh   base l ines   to   wh ich   fu tu re   survey  

r e s u l t s  may be re la ted ,  and ( b )   t o   i d e n t i f y   r e s o u r c e   c o n f l i c t s   t h a t  
may be remedied  by  incorporat ing good environmental  engineering 

design and p r a c t i c e s   i n t o   t h e   m i n i n g   p r o j e c t .  

The basel ine  data  generated i n   t h i s   r e p o r t  demonstrated 

that  the  watershed,  except  immediately  adjacent t o  the  develop- 
ment, was i n  a na tura l ,   unaf fec ted   s ta te .  The waters removed from 

t h e   c o n s t r u c t i o n   a c t i v i t i e s  were  found t o  be low i n  residues, 

meta ls   and  nu t r ien ts   con ten t ,   w i th  a moderately  d iverse  benthos 
populat ion.  However, the combined  mine  seepage waters and mill 
s i t e   r u n o f f   r e s u l t e d   i n   e x c e s s i v e   s i l t i n g  and comple te   e l im ina t ion  

o f  benthos  immediately  downstream o f   t h e  development. 

Chemical  analyses o f  mine seepage  and s i m u l a t e d   t a i l i n g s  

superna tan t   i nd i ca ted   t ha t   me ta l   l eve l s   i n   bo th  exceeded t h e  
p e r m i s s i b l e   l e v e l s   t o  be s p e c i f i e d  by the   Nat iona l   M in ing   L iqu id  

E f f l uen t   Regu la t i ons  and Guidel ines.  

S u l f a t e   l e v e l s   i n   t h e  mine  seepage  suggested a poss ib le  

fu tu re   p rob lem  w i th   ac id   genera t ion  and  s imulated  ta i l ings  super-  

na tan t  was found  to  be a c u t e l y   t o x i c .  



Pendant  le  printemps  et  l'automne 1975, le  Service  de  protection  de 

l'environnement  et  la  Direction  de  la  faune  aquatique  et  sauvage de la  Colombie- 

Britannique  ont  effectu6  une 6tude  du  bassin  contigu  aux  installations  de 

Northair  Mines Ltd.,  actuellement  en  construction  prBs  de  Brandywine (C.-B.). 

On a analys6  la  composition  chimique,  physique  et  biologique  des  principaux 

ruisseaux  arrosant  l'emplacement  de  la  mine  et  de  l'usine.  Ces  gtudes  avaient 

deux  buts  principaux:  (a)  6tablir  une  base  de  comparaison  pour les  Gtudes 2 

venir,  et (b)  d6couvrir  quels  sont  les  problzmes de pollution  auxquels  on 

pourrait  rem6dire  en  conduisant  les  travaux de la mine  selon  des  plans  et  des 

m6thodes  destin6s 2 prot6ger  l'environnement. 

Les  donn6es  de  base  tir6es de  ce rapport  indiquent  que la qualit6  du 

bassin  Etait  acceptable,  sauf  dans  la  zone  touchant  le  chantier. Les eaux 

pr6lev6es  dans  le  chantier  contenaient  peu  de  rgsidus,  de  m6tal  et  d'aliments 

nutritifs, et  le  benthos  6tait  moyennement  diversifi6.  Toutefois,  les  eaux 

d'infiltration  de  la  mine  jointes  aux  eaux  s'6coulant  de  l'usine  avait  provoqu6 

des  d6pots  vaseux  trop  importants  et  avaient  6limin6  complstement  le  benthos 

juste  en  aval  des  travaux. 

Les  analyses  chimiques  effectu6es  sur  les  eaux  infiltrses  dans  la 

mine  et  sur  les  r6sidus  de  broyage  surnageants  ont  r6v616 que,  dans  les  deux 

cas, la  proportion  de  m6tal  d6passait  les  tolgrances  admises  dans  les  rgglements 

nationaux  sur  les  effluents  des  mines. 

Compte  tenu  du  haut  niveau  de  sulfate  dans  les  infiltrations de  la 

mine,  il  est  possible  qu'un  problsme  se  pose  dans  l'avenir 2 cause de  la 

production  d'acide.  Les  r6sidus  de  broyage  surnageants  6taient  trBs  toxiques. 
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SUMMARY AND CONCLUSIONS 

(1  ) T h i s   r e p o r t   p r e s e n t s   t h e   r e s u l t s   o f  a two-season, pre-product ion 

study, j o i n t l y  conducted  by  Environment Canada and t h e   B r i t i s h  

Columbia  Fish  and W i l d l i f e  Branch,  Department o f   R e c r e a t i o n  and 

Conservation, o f  the   phys ica l ,   chemica l ,   and  b io log ica l   charac ter -  

i s t i c s   o f   t h e   w a t e r s h e d   d r a i n i n g   t h e - N o r t h a i r  Mines Ltd.  develop- 

ment n o r t h   o f  Squamish, B.C. The basel ine  data  presented i n   t h i s  
r e p o r t   i s  des igned  to   fac i l i ta te   pos t -opera t iona l   env i ronmenta l  

assessments o f  w a t e r   q u a l i t y  changes i n  Anomaly Creek,  determined 

f rom  fu tu re   mon i to r i ng .   A l so   i nc luded   a re   t he   resu l t s  o f  
chemical  analyses  and a 96-hour LCso bioassay  assessment o f  t h e  
s i m u l a t e d   t a i l i n g s   d e c a n t   s u p p l i e d   f r o m   b e n c h - s c a l e   f e a s i b i l i t y  

s tud ies.  

( 2 )  Water  chemistry  and  biological   analyses  have  conclusively demon- 

s t ra ted   tha t   the   p re-produc t ion   deve lopment  o f  t he   p roper t y  has 

r e s u l t e d   i n   t h e   v i s i b l e   d e g r a d a t i o n  o f  the  watershed  immediately 

downstream of  the  development  site.  Excessive s i l t   l o a d s   r e -  
leased  f rom  dewater ing  the  ta i l ings  area  over   the summer pe r iod  

e l im ina ted  a modest  benthos  population o f  70 organisms  per 

square  foot .  

( 3 )  Anomaly Creek a t   s t a t i o n  2, which  includes  the  mine seepage  and 
mill s i t e  drainage,  contained  excessive  levels o f  metals, 

n u t r i e n t s ,  suspended mat te r ,  and abnormal ly   h igh  readings i n  
t u r b i d i t y  and  hardness. The g rea tes t   p ropor t i on  o f  t h i s  

p o l l u t i o n  was due t o   t h e   c o i t s t r u c t i o n  phase o f   t h e  development 

and i s  expected  to be a l l e v i a t e d  when Anomaly Creek i s   c o m p l e t e l y  

culverted  past  the  development.  However, the  mine seepage, t o  
be re leased  un t rea ted   to  Anomaly Creek a f t e r   c o n s t r u c t i o n   i s  

completed, will pose  the  major  source o f  environmental 
contamination. 

( 4 )  This  study  revealed  that   mine seepage conta ined  leve ls  o f  
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suspended s o l i d s  and t o t a l   m e t a l s   t h a t  exceeded t h e   l i m i t s   t o  

be s p e c i f i e d  by the  Nat ional   Regulat ions and Gu ide l i nes   f o r  

Meta l   M in ing   L iqu id   E f f luen ts .  I n  addit. ion,  on  both  sampling 

occasions,  mine seepage conta ined  greater   than 100 mg/R SO4 

This  value  represents  double  the maximum perm iss ib le  limit o f  
50 mg/R s e t   f o r   t h e   B r i t i s h  Columbia Pol lu t ion  Contro l   Objec-  

t i v e s   f o r   t h e   M i n i n g ,  Mine M i l l i n g ,  and  Smel t ing  Indust r ies.  

These h i g h   l e v e l s   o f  SO4 may be  an i n d i c a t i o n   t h a t  an unpre- 

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

exposed  rock  faces;  however,  an  associated  low pH  was n o t  

observed. 

Chemical ana lys is   o f   the   mine  seepage  has shown t h a t   t h e   d i s -  
s o l v e d   f r a c t i o n   o f   t h e   m e t a l s   i n   t h e   e f f l u e n t  was near ly  a lways 

w e l l  be low  the   tox ic   leve l  t o  f i s h .  The data  suggest   that  by 

reducing  the suspended s o l i d s   t o   s a t i s f y   t h e   N a t i o n a l   l i m i t s ,  
the  metal   content  would  a lso be s i g n i f i c a n t l y  reduced. 

An accep tab le   l eve l   o f   wa te r   qua l i t y  and  benthos was found a t  
a l l   s t a t i o n s  removed f r o m   t h e   m i n e / m i l l   s i t e .   S t a t i s t i c a l  

eva lua t i ons   o f   ben th i c   commun i t i es   i nd i ca ted   t ha t   po l l u t i on -  

i n t o l e r a n t  organisms  such as s tone f l i es   (p lecop te ra )  and may- 

f l i e s  (ephemeroptera) added s u b s t a n t i a l l y   t o  a s a t i s f a c t o r y  

d i ve rs i t y .   Me ta l s  were e i t h e r   w e l l   b e l o w   t h e   t o x i c   l e v e l   o r  

be low  the  detectable  leve l .  

The s imu la ted   t a i l i ngs   decan t  sample suppl ied  f rom  bench-scale 

f e a s i b i l i t y   s t u d i e s  was found  to  be a c u t e l y   t o x i c   w i t h  a 96- 
hour LCso o f  42% concentration.  Chemical  analyses  suggest 

t h a t   t h i s   t o x i c i t y  may have  been  due t o   t h e   h i g h   l e v e l   o f  

copper  (0.51 ppm) i n  the  decant. As an a l te rna te   t o   decan t ing  

excess ta i l i ngs   superna tan t ,   No r tha i r  will s t o r e   t h e i r  excess 

water  dur ing  the 1 i f e   o f   t h e  mine i n  a separa te   ho ld ing  pond. 

Through  aging  and d i l u t i o n  i t  i s  hoped t h a t   t h e   t o x i c   e f f e c t s  
will have d i ss ipa ted  by the   t ime  min ing   opera t ions  cease  and  the 
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contents  of   the  holding pond  can then be sa fe ly   re leased  to  
the   Ca l l  aghan  Creek system. 

(8) I f  s t o r e d   t a i l i n g s   d e c a n t   i s   t o  be  released  as  planned a t   t h e  

terminat ion  o f   product ion,   Env i ronment  Canada will r e q u i r e  

s u f f i c i e n t   n o t i f i c a t i o n   i n   o r d e r   t o   c o n d u c t  a separate  chemical 

and b i o l o g i c a l  assessment o f  tha t   water  and rece iv ing   wa te rs  

t o  ensure  that   proper  measures a r e   i n s t i t u t e d   t o   p r o t e c t   t h e  

environment. I t  i s   a n t i c i p a t e d   t h a t   t h e   u n t r e a t e d   t a i l i n g s  

decant will exceed fu ture  Nat ional   Regulat ions and Guidel ines 
f o r   t h e   M e t a l   M i n i n g   L i q u i d   E f f l u e n t   w i t h   r e s p e c t   t o   b o t h  

t o x i c i t y  and  meta l   con ten t   c r i te r ia .  
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1 INTRODUCTION 

The Environmental Protection  Service  is engaged i n  
assessing and monitoring  various  industrial  operations t h a t  

' constitute  potential  ecological  hazards t o  the  environment, 
specifically  those w i t h  potential   deleterious  effects  to  the 
fisheries  resource,  pursuant t o  section 33 of the  Fisheries Act. 

Information  gathered from these  studies  provides a 
basis  for  early  detection of possible environmental damage  and 
subsequent recommendations for remedial action.  This  surveillance 
report  presents  the  results of a baseline  survey of selected 
physical,  chemical, and biological  parameters of Anomaly Creek 
and the  watershed  adjacent  to Northair Mines L td .  ( N . P . L . ) .  The 
surveys were conducted jo in t ly  by the Environmental Protection 
Service and the  British Columbia Fish and Wildlife Branch d u r i n g  
the spring and fa1 1 of 1975.  Also included  are  the  results of 
bioassay  toxicity  studies of  simulated t a i l i n g s  samples supplied 
from bench-scale  metallurgical  testing. 
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2 STUDY AREA 

The Northair mining property and transecting  drainage  are 
located w i t h i n  the Coast Mountain Range approximately 35 miles due 
north o f  Squamish, B . C . ,  and 9 miles due west of Alta Lake (Figure 1 ) .  
The mine and m i  11 s i tes   a re   s i tua ted  on the  eastern  slope of  Callaghan 
Creek va l ley   a t  an elevation of 3250 f ee t  above sea  level. Sproa t t  
Mountain, located two miles  to  the  east of the mill s i t e ,  exceeds  the 
6000 foot  level and is snow-covered nearly  year round. 

Geologically,  the  area is  underlain by Mesozoic volcanics 
of andesit ic composition w i t h  granit ic  intrusions.  Recent basal t  flows 
are common i n  the  valleys of this area.  Minerali za t ian  consists of  gold, 
s i lver ,   z inc,   lead,  and copper ( i n  order of value  to  the  mine),  occurring 
i n  pyrite,  sphalerite,  galena,  chalcopyrite,  native  gold, '  and electrum 
( i n  order of abundance) (McLeod, 1974). A variable  layer of surface 
t i l l s  from the las t   g lac ia t ion  form the basis for dystric  brunisol,  
humoferric  podzol, and regosol  soi 1 types. 

The fores t  canopy consists mainly  of  even-aged Douglas f i r ,  
western hem1 ock, ye1 low  and western  red  cedar, bal Sam,  and  some 
scattered pine. Red alder and big  leaf maple have invaded the burned- 
out and logged areas. 

The climate i s  t h a t  o f  the West Coast marine environment 
where the annual ra infa l l  (56 in . )  exceeds total  evaporation (28 i n . ) .  
Mean annual temperature is  5.7"C and mean annual snowfall i s  approxi - 
mately 20 fee t .  Some nearby  peaks are  glaciated.  (Figures quoted are  
for  A1 ta  Lake, Atmospheric  Environment Service.) 

The Northair  property,  primarily  the  mill and  mine s i t e s ,  is  
drained by  Anomaly Creek,  a t r ibu tary   to  Callaghan  Creek, which i s  a 
t r i b u t a r y  o f  the Cheakamus River (Figure 1 ). A Brit ish Columbia  Hydro 
and Power Authority dam located  approximately  seven  miles downstream 
from the Cheakamus-Challaghan confluence forms  Daisy  Lake, from  which 
a portion of  the upper Cheakamus flow is  diverted t o  the Squamish River 
for power generation. The  Cheakamus and Squamish r ivers  aga in  merge 
about 8 miles  north o f  the Town of Squamish prior  to  discharging  into 
Howe Sound. 
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.’. F I G U R E  I LOCATION MAP OF N O R T H A I R  MINES LTD. (N.P.L.) 
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3 FISHERIES RESOURCE 

The Squamish and Cheakamus rivers  provide  extensive salmon 
spawning grounds in  their lower reaches. For example, i n  an above- 
average  year  there may  be as many as 250,000 chinook, 18,000 coho, 
70,000 p i n k ,  200,000 chum,  and 18,000 steelhead spawners ut i l iz ing the 
Squamish River. The  Cheakamu 
point 8 to  9 miles above i t s  
an average of 3,000 chinook, 
and 3,000 steelhead. Both ri 

s River, which  becomes impassable a t  a '  
confluence  with  the Squamish, supports 
6,000 coho, 25,000 p i n k ,  60,000 chum, 
vers i n  turn support an important  Indian 

food fishery and intensive  sport  fishery. The B.C.  Fish and Wildlife 
Branch reports  that  the  estimated  angler  catch  of  steelhead i n  the 
Squami sh-Cheakamus sys tem averages 1,350 fish  annually and the  es t i -  
mated  combined  number of  days fished  averages 10,000 per  season. 

A waterfall on the Cheakamus River,  about 8 miles downstream 
from the B.C.  Hydro and Power Authority dam a t  the  outlet  of Daisy Lake, 
is the upstream limit  of migration  for anadromous or sea-run  species 
such as  steelhead  trout. However, populations of Dolly Varden, cut- 
throat trout, and rainbow trout i n  the Cheakamus system are found 
upstream from the  fa l ls  and i n  the upper Cheakamus system above the 
dam. Daisy Lake also  contains a number of kokanee, 

Dolly Varden and rainbow trout have  been taken i n  the lower 
reaches of  Callaghan Creek b u t  the upper reaches do not  contain a 
fisheries  resource. However, the British Columbia Fish and Wildlife 
Branch considers  this  area  suitable for future  stocking. 
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4 NORTHAIR MINES LTD. (N.P.L.) 

The Northair  development i s  scheduled t o  commence pro- 

d u c t i o n   e a r l y   i n  1976. Pre-production  development o f   t h e  two 

major zones (Warman and Mani fo ld)  has a l ready begun ( a d i t s  and 

d r i f t i n g  work). A1 though  the f u l l  ore body i s  no t   ye t   exp lo red ,  

t h e   p r o j e c t e d   l i f e   e x p e c t a n c y   o f   t h e  mine a t  a m i l l i n g   r a t e   o f  

300 tons  per day i s  4-1/2 t o  5 years. 

A t  the  request   o f   Env i ronment  Canada, N o r t h a i r  Mines  Ltd. 

r e t a i n e d  B.C. Research t o   p e r f o r m  an a c i d   g e n e r a t i o n   p o t e n t i a l   t e s t  

on t h e i r   o r e .  The s tudy  f ind ings  demonstrated  the  ore  incapable  o f  

producing enough excess a c i d   t o   s u s t a i n   t h e   m i c r o b i a l   o x i d a t i o n  and 

leach ing   o f   meta ls   f rom  the   rock  (B.C. Research,  1974).  Since  the 
p o s s i b i l i t y   o f   a c i d  mine  drainage i s  minor,  mine  drainage will be 

released  untreated. 

The concen t ra to r   i s   l oca ted   immed ia te l y   ad jacen t   t o  Anomaly 

Creek (F igure 2 ) .  D i f f e r e n t i a l   f l o t a t i o n  will be employed t o  

produce a Pb-Cu concentrate and a Zn concentrate.   Al though  gold 

and s i l v e r  will r e p o r t   i n   v a r y i n g  amounts to   both  concentrates,  a 

separate j i g  concentrator  w i  11 be employed t o  remove the  bu l  k o f  

these  metals. The o r e  will be ground t o  60% - 70% minus 200 mesh. 

The expected  reagent  requirements  are  as  fo l lows: ZnS04, NaC03, 

CuS04, CaOH, KCN, Po lyg lyco l   F ro ther ,  Z-200, and Ethyl   Xanthate.  

Potassium  Cyanide (KCN) wi 11 be u t i  1 i zed  as  needed f o r   z i n c   s u l f i d e  

depression; no l e a c h i n g   o r   c y a n i d e   c i r c u i t   i s   p l a n n e d .  

Concentrates will be t r u c k e d   d i r e c t l y   t o   t h e  Cominco Smelter 

a t   T r a i l ,  B.C. 

An 8 - a c r e   t a i l i n g s  impoundment will e l i m i n a t e  a smal l   lake 

west o f  the mill si te .   Natura l   in f low  f rom  sur round ing   d ra inage  tha t  

wou ld   i nunda te   t he   t a i l i ngs   a rea   du r ing   pe r iods   o f   h igh   runo f f   a re   t o  

be d i v e r t e d   t o  Anomaly Creek  which will i n  t u r n  be c u l v e r t e d   p a s t   t h e  

development.  Forty  percent of t h e   s o l i d s  i n  t h e   t a i l i n g s   a r e   t o  be 
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cycloned off and returned t o  the mine for backfill use. Even w i t h  
these  reductions i n  volume and 100% recyling of process  water,  the 
capacity of th i s  impoundment is   l imited  to 2-1/2 years of  production. 
Consequently, a second or supplementary storage  area one mile dis tant  
(McLeod  Creek h o l d i n g  pond) will be brought  into  operation a s  a 
storage .area for the  excess  water produced i n  the remaining years 
of operation  (Ker,  Priestman and Associates, L t d . ,  1975).  The 
company anticipates t h a t  th rough ag ing  and dilution, the toxic   effects ,  
i f  any, wi 11 have dissipated by the time operations  cease and the 
contents can then be safely  released  to  the Callaghan  system. 

The townsite will consist o f  accommodation for  160 t o  200 
employees, mill  offices, maintenance shops, cookhouse, assay l a b ,  
and recreational h a l l .  Sewage from these   fac i l i t i es  will be aero- 
batically  batch-treated w i t h  chlorination  prior t o  discharge  to 
the  tailings impoundment. 
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5 MATERIALS AND METHODS 

5.1 Moni t o r i  ng Stat ions 

S i x  permanent s t a t i o n s  were e s t a b l i s h e d   f o r   t h i s   b a s e l i n e  

survey and f u t u r e   m o n i t o r i n g   o f   t h e   w a t e r   q u a l i t y   o f   t h e   s t r e a m   a d j a c e n t  

t o   t h e   m i n i n g   s i t e .  All s i t e s  were  marked w i th   two- foo t  wooden stakes 

d i sp lay ing   f l uo rescen t   red   pa in t  and  the  s ta t ion number. A seventh 
s ta t i on   rep resen t ing   t he  mine  drainage was a l s o   e s t a b l i s h e d   b u t  may vary 

i n  l o c a t i o n  depending  on  from  which  portal  the  water i s  being  discharged. 

The mill s i t e ,   t a i l i n g s  ponds,  and  sample s t a t i o n s   a r e  shown i n   F i g u r e  
3. Four   s ta t ions  were  selected  for   b io logical   documentat ion.  

All creek   s ta t ions  were t y p i f i e d  by  shal low,  fast-running 

water   wi th   large  aggregate  bot tom  subst rate and  no aquatic  macrophytes. 

Table 1 provides a b r i e f   d e s c r i p t i o n   o f  each s i t e  with an   exp lana t ion   o f  

i t s   m o n i t o r i n g   f u n c t i o n .  All s i t e s   a r e   e a s i l y   a c c e s s i b l e   f r o m   e x i s t i n g  

roadways. 

5.2 Measurement of  Physical  Parameters 

Water temperatures  were  determined i n   t h e   f i e l d   w i t h  a c e n t i -  

grade  alcohol  thermometer. A t  each s i t e ,   p o l y e t h y l e n e   b o t t l e s  were 

' used t o   c o l l e c t   o n e - l i t r e  samples o f   wa te r   f o r   de te rm ina t ion   o f   res idue  

c o n t e n t .   W i t h i n   s i x   h o u r s   o f   c o l l e c t i o n ,   t u r b i d i t y  and c o n d u c t i v i t y  
measurements  were a l s o  made on the samples w i th  a Hach 1860A Turbidi- 
meter  and a Seibold LTD conduct iv i t y   meter .  The  Hach Turb id imeter  

u t i l i zes   t he   Nephe lomet r i c  method, i n   t h a t  i t  measures s c a t t e r e d   l i g h t  
from a formazin  polymer  standard (APHA, 1971 ) . 

Total  residues  were computed as the   mater ia l   remain ing  i n  a 

vesse l   a f te r   t o ta l   evapora t i on  i n  a muffle  furnace a t  103OC f o r  2 hours. 

F i l t e rab le   res idues   a re   t ha t   po r t i on   o f   t he   t o ta l   res idue   wh ich   passes  

through a 4.25 cm Whatman G F / C  f o r  2 hours (APHA, 1971).  Analyses f o r  

t o t a l  fil t e r a b l  e  and n o n - f i l   t e r a b l  e residues  were  performed a t   t h e  

Envi ronmenta l   Protect ion  Serv ice  laboratory  i n  West Vancouver. 
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FIGURE 3 SAMPLE  STATION  LOCATIONS - NORTHAIR MINES LTD. (N.P.L.) 
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TABLE 1 NORTHAIR  MINES LTD. (N.P.L.) MONITORING STATIONS, ESTA- 
BLISHED JUNE 10,  1975 

STATION LOCATION DESCRIPTION 

Anomaly  Creek Silt bottom, ~ 1 %  gradient,   s low  f low, 
( c o n t r o l  ) above 1 t o  2 feet   wide,  6 inches deep. 
mill s i t e .  

Anomaly Creek La rge   rock   subs t ra te   w i th   f i ne   s i1  t, 
immediately  below 10%  slope, some moss, b u t  no l a r g e  
mine camp area. aquat ic  vegetat ion,   average  width 

4 feet,  average  depth = 6 inches, we1 1 
shaded wi t h   f o r e s t  canopy,  swi f t - f l o w i  ng. 

Anomaly Creek Large  boulders  over  bedrock, 1 t o  6 
immediately  upstream inch  rock  and  gravel,  no  macrophytes, 
o f   i n t e r s e c t i o n   w i t h  average  width = 8 feet,  average  depth 
Powder Mountain Road. = 2 f e e t ,   t r a n s e c t e d   b y   f a l l  en t rees, 

open  on south  s ide  by  burn and p a r t i -  
a l l y  shaded  on north  s ide,   cascading, 
15% slope. 

Anomaly  Creek Large  boulders, 1 t o  10  inch  rock,  
downstream 2,000 ft. gravel  and sand,  no  macrophytes,  open 
from Powder M t .  road, exposure,  burned  area t o  south, smal 1 
a t   l a r g e   f a l l e n   l o g  w a t e r f a l l  above and  below,  average 
p r i o r   t o   d i s c h a r g e   t o  width 10 feet,  average  depth = 18 
Callaghan  Creek. i nches ,   sw i f t   f l ow   w i th  2 10% slope. 

Callaghan  Creek Boulders, 1 arge  rock,  gravel, and  sand 
a t  Wooden B r i d g e   j u s t  mix,  no  macrophytes,  open  exposure, 
upstream  from  the s w i f t   f l o w ,  5% slope,  average  width 
Cheakamus River.  = 40 feet,  average  depth = 3 f e e t .  

Water Licence Creek Large  boulders, 1 t o  6 i nch   rock  and 
a t   i n t e r s e c t i o n   w i t h  gravel ,  no macrophytes, we1 1 shaded 
mine  access  road. w i t h   f o r e s t  canopy,  cascading, 25% 

slope,  average  width = 6 fee t ,   aver -  
age depth 2: 1 f o o t .  

3500 f o o t   p o r t a l ,  
m i  ne drainage . 
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5.3  Water Chemistry 

The pH o f  the  water was determined i n  t h e   f i e l d   w i t h  a narrow 

range "Hach Kit". A 300 ml sample c o l l e c t e d  i n  a B.O.D. b o t t l e  was pre-  
served i n  t h e   f i e l d   w i t h  2 mls o f   a l k a l i - i o d i d e - a z i d e   r e a g e n t  and 2 mls 

o f  manganous s u l f a t e   s o l u t i o n .  The Winkler Method f o r   d i s s o l v e d  oxygen . 

(D.O.) determinat ion was employed (APHA, 1 9 7 1 ) .   T i t r a t i o n   a g a i n s t  a 

.025N sodium t h i o s u l f a t e   s o l u t i o n  was completed wi th in  s i x   h o u r s   o f  

preservat ion.  

Two o n e - l i   t r e  samples  were c o l l e c t e d   a t  each s i t e  i n  po l y -  

e thy lene   bo t t l es .  The f i r s t  was preserved i n  t h e   f i e l d   w i t h  5 mls o f  

concentrated HN03 and analysed  for   d isso lved  meta ls .  

A 250 m l  water  sample c o l l e c t e d   i n  a p o l y e t h y l e n e   b o t t l e  was 
immediately  preserved i n  t h e   f i e l d   t o  a pH o f  12 w i t h  NaOH for CN 
analyses. The l a b   a n a l y s e s   c o n s i s t "   o f   c o n v e r t i n g   t h e   d i s t i l l a t e   o f   t h e  

sample t o  cyanogen c h l o r i d e .  Upon a d d i t i o n   o f   p y r i d i n e - p y r o t o l o n e  
reagent, CNCl forms a b l u e  dye,  and i t s  i n t e n s i t y   i s   r e a d  on a 

spectrophotometer a t  620 mu. 

Metal  analyses  were  performed a t   the   Env i ronmenta l   Pro tec t ion  

Service  Laboratory i n  West Vancouver. D i r e c t   a s p i r a t i o n   i n   c o n j u n c t i o n  

w i t h  a Jarrel-Ash 82-800 a tomic   absorp t ion   un i t  was employed i n  the 

a n a l y s i s   o f   a l l   m e t a l s   e x c e p t   l e a d   w h i c h  was p rev ious l y  complexed w i t h  

ammonium 1 - p y r r o l i d i n e  - di th iocarbamate (A.P.D.C.), ext racted,  and 

asp i ra ted  [Smith,  1973(b),  1973(c)]. 

An a d d i t i o n a l   o n e - l i t r e  sample was c o l l e c t e d   a t  each s t a t i o n  

f o r   n i t r a t e  (NO3-N), n i t r i t e  (N02-N), ammonia (NH3-N), and  phosphate 

day. S u l f a t e  (SO4) content  was inc luded i n  t h e   a n a l y s e s   o f   t h e   f a l l  

samples. 

( PO4 1 contentand  kept   cool  and i n   t h e   d a r k   u n t i l   a n a l y s e s   t h e   f o l l o w i n g  



- 12 - 

Tota l  NO2 and NO3 are  determined  using  the  Technicon  automated 

system. NO3 i s  reduced t o  NO2 on a copper-cadmium  column  and a c i d i f i e d .  

Under ac id i c   cond i t i ons ,  NO2 reac ts   w i th   su l fan i l am ide  and 

N-1-naphthylethylenediamine d ihyd roch lo r i de   t o   f o rm a reddish-purp le 

azo  dye. The i n t e n s i t y   o f   t h e  dye i s  measured a t  550 mu us ing  a  5 cm 

f l o w   c e l l .  

L e v e l s   o f   d i s s o l v e d  ammonia a r e  measured us ing   the   Or ion  

ammonia e lect rode.  All i o n i c  amnonia i s  conver ted   to  ammonia gas and 
t h e   e l e c t r i c a l   p o t e n t i a l   c r e a t e d   b y   t h e   d i f f u s i o n   o f   f r e e  ammonia across 

the  hydrophobic  polymer membrane i s  a f u n c t i o n   o f   t h e   c o n c e n t r a t i o n   o f  

ammonia i n   t h e  sample. 

Phosphates are  converted  to  or thophosphates.  These r e a c t  

wi th   the  molybdate  ion   MOO^)-^ t o   f o r m  complex  heteropoly-acids  which 

are   reduced  w i th   ascorb ic   ac id   to   fo rm a molybdenum b lue  complex 

co lour .  The absorbence i s  measured a t  882 mu on a Technicon  colorimeter. 

Su l fa te   concen t ra t i ons   a re   de te rm ined   by   t i t r a t i on   aga ins t  a 

known c o n c e n t r a t i o n   o f   b a r i u m   c h l o r i d e   i n  a non-aqueous medium a t  a pH 

range o f  1.5 t o  4.0. In te r fe rences   a re  removed b y   i o n  exchange.  Thori n 

i s  used as an i nd i ca to r   caus ing  a peach-pink  endpoint. 

De te rm ina t ion   o f   t hese   b ionu t r i en ts   (b iogen ic   sa l t s )  was a l s o  
performed a t  the Environment Canada Water Quality Laboratory. Details 

o f   t h e  methods  employed are  descr ibed i n  APHA (1971). 

5 .4   B io log i ca l  Assessment 

Three  separate  samples f o r   p o p u l a t i o n   d i s t r i b u t i o n   o f   b e n t h i c  

organisms  were  obtained  from r i f f l e  areas o f   s t a t i o n s  2, 3, 4, and 5 w i t h  

a one square   foo t   c i rcu la r   sampler   (mod i f ied  Hess Sampler). The samples 

were l a t e r   p r e s e r v e d   w i t h  a formal i n   s o l u t i o n  and  forwarded t o   t h e  
Environment Canada Fresh Water B io logy   Labora to ry   a t   No r th  Vancouver f o r  

s o r t i n g ,   c l a s s i f i c a t i o n ,  and enumeration. I d e n t i f i c a t i o n  was achieved 

us ing a Wi I d  M5 Stereo  Microscope, a Wi I d  M11  Compound Microscope,  and 

b i o l o g i c a l  keys, i n c l u d i n g  Pennak (1  953),  Ward and  Whipple  (1959),  and 

Usinger  (1  968). 
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The inver tebra te   da ta  was s u b j e c t e d   t o  two d i f f e ren t   ana lyses :  

(a )  Organisms  were p laced  in to   groups  wi th   respect  t o  t h e i r   s e n s i -  

t i v i t y  t o  p o l l u t i o n   i n  accordance  with  MacKenthus's  standards 

( 1969). Mayf 1 i es ( Ephemeroptera ) , s tonef  1 i es (P1 ecoptera) , 
and cadd is f l ies   (Tr ichoptera) ,   charac ter ize   c lean  waters ,   wh i le  
sludgeworms  can t o l e r a t e  a   la rge  amount o f  p o l l u t i o n .  

(b )  The Wilhm  and Dorr is  (1968) measure o f  d i v e r s i t y  (a), which 

re la tes   benth ic   communi t ies   to   water   qua l i t y  was a l s o  

appl ied.  The formula  which was f i r s t   d e r i v e d  by  Margalef 

(1956)  f rom  informat ion  theory and  expanded by Wi 1 hm and 

Dorr is  (1968) i s  shown below: 

i = l  

where a = d i v e r s i t y   p e r  sample 

"i 
n = t o t a l  number o f  i nd i v idua ls   pe r  sample 

s = t o t a l  number o f   t a x a  

= t o t a l  number o f  i n d i v i d u a l s   p e r   t a x o n  

The d i v e r s i t y   i n d e x  (a) i s  a  numerical  value  which  represents 

t h e   r e l a t i v e   " v a r i e t y  o f  l i f e "   i n   t h e  sample b y   r e l a t i n g   t h e  

number o f   i n d i v i d u a l s  i n  each  taxon t o  t h e   t o t a l  number o f  
taxa. 

Wilhm (1968) and Cole  (1973) f e l t   t h a t  va lues   o f   less   than one 

from  the  index (a) weremore  representative o f  areas o f  heavy 

pol lu t ion  whi le   va lues  above  3   suggested  c lean  and/or   h igh ly  

produc ti ve water . 
P i e l o u ' s  (1966,  1967)  "evenness"  index ( J ) ,  presented  below, 

was also  determined: 

Where  Jmax = 1 

a = t o t a l  number o f  species  sampled 
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The evenness index ( J )  i s  a measure o f   p r o p o r t i o n a t e   d i s t r i -  

b u t i o n   o f   t h e  numbers i n  each  taxa. I n  a normal  populat ion  the 

numbers a re  more o r   l e s s   e v e n l y   d i s t r i b u t e d  between  each  taxa. 

There fore ,   the   h igher   the   va lue   fo r  J ,  the more  normal the  

p o p u l a t i o n   d i s t r i b u t i o n  and  the more v a l i d   t h e   v a l u e   o f  a. 
S t a t i s t i c a l   c a l c u l a t i o n s  were  performed on a Hewlett  Packard - 
9830A computer. 

5.5 Bioassays o f   S i m u l a t e d   T a i l i n g s  

The s u p e r n a t a n t   o f  a s i m u l a t e d   t a i l i n g s  sample, represent ing  

t h e   t h e o r e t i c a l  mine e f f l uen t   f rom  the   t h i ckne r   ove r f l ow ,  was suppl ied  by 

N o r t h a i r  Mines  L td.   f rom  bench-scale  meta l lurg ica l   s tud ies  for   b ioanalyses.  

It was assumed t h a t   t h e  sample was a c u t e l y   t o x i c  and a 96 hour LC50 ( 1  

was performed  to  assess i t s  median l e tha l   concen t ra t i on .  

Bioassays  were  performed a t  concentrat ions  of  loo%, 56%, and 
32% by  weight,  under  stat ic,  aerated  and  without  replacement  condit ions 

fo r  96 h o u r s   w i t h   d i  1 u t i on .wa te r  (pH = 6.3; hardness = 7.5 ppm  CaC03) 

obtained  from  the  North  Vancouver  Capilano  Reservoir.  Five coho under- 

y e a r l i n g s  (Oncorhynchus k isu tch)   per  30 k i l o   t e s t  sample (x loaded 

dens i t y  = 1.85 gm/R) were  used as t e s t   s p e c i e s .   F u l l   b i o a s s a y   d e t a i l s  

a r e  appended. Observations o f   c u m u l a t i v e   m o r t a l i t y  were made a t  16, 24, 
48, 72, and 96 hours. 

A subsample o f   t he   superna tan t  was forwarded t o   t h e  Water 
Chemis t ry   Labora tory   fo r   de termina t ions   o f   d isso lved  meta ls  and  non- 

f i l t e r a b l e   r e s i d u e   c o n t e n t .   P r o c e d u r e s   o u t l i n e d   i n   S e c t i o n  5.2 and 5.3 
were  employed i n   t h e   a n a l y s e s .  

(1)  96 hour LC50 - Th is   t e rm  re fe rs   t o  Median Lethal   Concentrat ion 
o r   t h a t   l e v e l   o f  a measurable l e t h a l   a q e n t   r e q u i r e d  

t o   k i  11 the  50th  percent i  1  e i n  a group o f   t e s t   o r g a n i  ims,  over 
the   t ime  per iod  of 96 hours. The 5 0 t h   p e r c e n t i l e   i s  meant t o  
represent  the  average  organism. 
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6. RESULTS AND DISCUSSION 

6.1 Physical  Parameters 

A l though  genera l l y   no t   d i rec t l y   tox ic ,   phys ica l   parameters  

such as tu rb id i ty ,   tempera ture ,  and f l o w   r a t e s   o f t e n   i n f l u e n c e   t h e  

q u a l i t y  of the  aquatic  environment and the   na tu ra l   b io ta   as  much as 
chemical   po l lu tants .  When t a i l i n g s   f r o m  a m in ing   ope ra t i on   a re   d i s -  

charged d i rec t l y   in to   the   env i ronment ,   the   rece iv ing   waters  may s u f f e r  

vast  changes i n  these   phys i ca l   cha rac te r i s t i cs .  

T u r b i d i t y ,   c o n d u c t i v i t y  and res idue measurements are summarized 

i n  Table 2 .  Tu- rb id i t y  measurements i nd i ca ted   t ha t   du r ing   t he   sp r ing  

development o f   the   Nor tha i r   p roper ty   the   watershed was r e l a t i v e l y  

undis turbed.   Formazin  Turb id i ty   Uni ts   (FTU's)   o f   less  than 5 a re  
essen t ia l l y   t ransparen t   wh i l e   va lues   o f  100  appear s l i g h t l y   t r a n s l u c e n t  

t o   t h e  eye. The s l i g h t   e l e v a t i o n s   o f   t u r b i d i t y  a t  s t a t i o n  2 (14  FTU's) 

j u s t  downstream o f   t h e  development  d issipated  quickly.  However, 

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

and c o n s t r u c t i o n   o f   T a i l i n g s  Dam A d u r i n g   t h e   f a l l   o f  1975 r e s u l t e d  i n  
c o m p l e t e   d i s r u p t i o n   o f   t h e   w a t e r   c l a r i t y  (9,000 FTU's) and bottom 

subs t ra te   compos i t ion   o f  Anomaly  Creek downstream from  the  development. 

This was ev iden t  as f a r  downstream  as the   con f luence   o f  Anomaly  Creek 

with  Cal laghan Creek. A s i g n i f i c a n t   p o r t i o n   o f   t h e   t u r b i d i t y  was due 
t o   t h e  mine  dra inage  which  forms  the  largest   por t ion o f  the  d ischarge 

volume o f  Anomaly Creek a t   s t a t i o n  2. 

The t u r b i d   w a t e r s   a t   s t a t i o n  5, Callaghan  Creek,  during  the 

f a l l   o r i g i n a t e   f r o m   g l a c i a l   m e l t   m i l e s   u p s t r e a m  and  occur   natura l ly  

every  year .   Stat ion 7 ,  Water Licence Creek, i s   f e d   b y  snow m e l t  and 

remained  unchanged throughout  the  study  period. 

D u r i n g   t h e   s p r i n g ,   a t   a l l   s t a t i o n s   e x c e p t   s t a t i o n  2 ,  t h e   t o t a l  

residues and f i l t e r a b l e   f r a c t i o n  were low (250 ppm) and i n d i c a t i v e  o f  
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TABLE 2 TURBIDITY,  CONDUCTIVITY, AND RESIDUE  ANALYSES - 
JUNE 10 A N D  SEPTEMEER 23, 1975 

Turbi d i  ty  Conducti v i  t y  Residues 
vS/cm 

Total  Filterable Non-Fil terable  
Station F.T.U. I s  Residues Res i dues 

mg/L 2 3.0 mg/R 2 3.0 mg/R - t 3.0 

S p r i n g  
Fall 

- 
2.3 

- 
460 

- 
139 

- 
-1 39 

Fall 
S p r i n g  14 

9000 
137 
41 0 

138 
6600 

1  02 
1300 

86 
5  300 

Spring 
Fall 

0.55 
3.6 

52 
1 EO 

57 
118 

"5  7 
-1 18 

< 3  
< 3  

Fall 
Spring 0.57 

3.5 
50 

175 
54 

123 
-54 

1.1 23 
< 3  
< 3  

Fall 
Spring 1.1 

22 
25 
37 

41 
49 

41 
36 

< 3  
13 

Spring 
Fall 

0.17 
0.5 

126 
121 

34 
65 

- 34 
-65 

Fall 
Spring - 

360 455 
- - 

1720 
- 

745 9 75 
- 

< indicates less t h a n  the detection limit. 
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c lear   water .  Even a t  s t a t i o n  2, which  includes  the  sediments  carr ied 

by  the  mine  drainage,  residues were moderate  but  could  markedly 

i n f l u e n c e   t h e   w a t e r   q u a l i t y   o f  Anomaly Creek i f  a l l o w e d   t o  escape. 

The e x c e s s i v e   l e v e l s   o f   r e s i d u e s   a t   s t a t i o n  2 du r ing   t he  

f a l l  will undoubtedly be s i g n i f i c a n t l y  reduced   w i th   t he   cu l ve r t i ng  

o f  Anomaly  Creek past   the  concentrator   complex.   But   the  leve l   o f  

residues  carr ied  by  the  mine  drainage  are  of   ser ious  concern.  

Waters w i t h   t u r b i d i t y   c o n c e n t r a t i o n   r a n g i n g   f r o m  80 t o  400 
ppm sometimes s u p p o r t   f i s h   b u t   t h e y   a r e   u n l i k e l y   t o  be good i n  the  

sense o f   q u a l i t y ,   q u a n t i t y   o r   d i v e r s i t y  , even i n   t h e   l o w e r   p a r t   o f  

t h i s  range,   whi le   concentrat ions  greater   than 400 ppm a r e   t o t a l l y  

u n s u i t a b l e   f o r   f i s h   l i f e  (Gammon, 1970). 

Conduct iv i ty,   which i s  a measure o f   t h e   w a t e r ’ s   a b i l i t y   t o  

c o n d u c t   e l e c t r i c a l   c u r r e n t  i s  p r i m a r i l y  due t o   t h e   m o b i l e   i o n i c  
cons t i t uen ts   ava i l ab le .   An ’app rox ima te   co r re la t i on   ex i s t s  between 

the  amount o f   f i l t e r a b l e   r e s i d u e s   p r e s e n t  and the  conductance 

[ conduc t i v i t y  (pmho/cm) x .6 t o   . 7  = f i l t e r a b l e   r e s i d u e s  (ppm)]. 

However, t h i s   r e l a t i o n s h i p  does n o t   h o l d   t r u e   i n   t h i s   w a t e r   b a s i n .  
This  may be due to   h igh   l eve l s   o f   non - ion i zed   so lub le   o rgan ics ,  and 

non- ion i zed   co l l o ida l   i no rgan ics   resu l t i ng   f rom  l and   d i s tu rbance  

dur ing   cons t ruc t ion ,  dumping o f  o rgan ic   de t r i t us   wh i l e   dewa te r ing  

t h e   t a i  1 i ngs  impoundment , and g l a c i a l  me1 t. 

Heavy s i l t i n g  can  be  de leter ious  to   macro- inver tebrates and 

f i s h   p o p u l a t i o n s .   F i s h  have  an avoidance  react ion  towards  turb id  

water  and t r o u t  and  salmon  are  primari ly  sight  feeders.  Concentra- 

t i o n s   o f  suspended so l ids  exceeding 25 mg/R cause d i f f i c u l t i e s   i n  

t h e   f e e d i n g   h a b i t s   o f  such f i s h .   F u r t h e r   i n c r e a s e s   i n   t h e   l e v e l s  

o f  suspended s o l i d s  cause a reduc t i on   i n   g rowth  and  disease 

res is tance as we1 1 as p h y s i c a l l y   e r o d i n g  and c l o g g i n g   t h e   g i l l  

membranes (Hynes,  1966; Lantz, 1971 ) . 
The e f f e c t s  o f  s e t t l e d  suspended mater ia ls   on  the  s t ream 

environment  are  a lso  wel l  documented. B lanket ing   o f   the   s t ream  bo t tom 

causes a reduc t ion  of  f low  through  the  bot tom  gravel ;   o f ten  the 
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segment o f  t h e   s t r e a m   t h a t   i s   a f f e c t e d  becomes u n s u i t a b l e   f o r   f i s h  

egg  development. S i  1 t i n g  may a l s o   d r a s t i c a l l y  change the   popu la t ion  

o f   bo t tom-dwel l ing   inver tebra tes ,  impede f r y  emergence,  and  cause h i g h  

m o r t a l i t y  and poor f ry q u a l i t y   a t  emergence (Gammon, 1970). 

D i r e c t   e n t r y   o f   t a i l i n g s   o r  mine  workings in to   the   watershed 

would  undoubtedly  resul t  i n   d e l e t e r i o u s   e f f e c t s  on the   b io ta   o f   t he  

Callaghan  system and poss ib l y   t he   f i she r ies   resource  downstream. 
Should  such a s i t u a t i o n   a r i s e ,   s e t t l i n g   f a c i l i t i e s  will have t o  be 

p r o v i d e d   t o   f a c i l i t a t e   t h e   s e t t l i n g   o f  sediments  contained i n  the  mine 

seepage. 

Temperature, d i   sso l ved  oxygen , and pH a re   impor tan t   f ac to rs  

i n  stream  ecology.  Periodism and cercadian  rhythms o f   t h e  many aquat ic  

organisms  are  dependent on natural  seasonal changes i n  temperature. 

Fecundi ty   ra tes,   the number o f  generations  per  year,  biomass  production, 

and the  species  present  are a1 so r e l a t e d   t o   t h e   p r e v a i l  i ng condi t ions.  

Trout,  an important  species i n  t h i s  area,   are  very   sens i t ive  to  

f l u c t u a t i o n s   i n   a m b i e n t   c o n d i t i o n s  and cannot  sustain  temperatures 

above 25OC o r  shortages o f   d i s s o l v e d  oxygen f o r   l o n g   p e r i o d s  (Hynes, 

1970). 

Water  temperature,  dissolved  oxygen, and pH are   dep ic ted  
i n  Table 3. All st reams  d ra in   runof f   f rom  the   me l t ing  snowpack and 
probably a po r t i on   o f  a nearby  glacier.  Stream  temperatures  were 

s l i g h t l y  above f r e e z i n g   i n   t h e   s p r i n g  and  increased  over  the sumner 

t o  an average ~ O C .  

Dissolved  oxygen was found  to  be above  100% s a t u r a t i o n  

a t  a1 1 sample s i tes  ( temperature and a1 ti tude  corrected).  The  pH a t  

a l l   s t a t i o n s   d u r i n g   b o t h   s a m p l i n g   p e r i o d s   f e l l  between 6.7 and 7.3, 
which i s  a sa t i s fac to ry   range   fo r  good wa te r   qua l i t y .  
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TABLE 3 NON-METAL  ANALYSES - JUNE 10 AND  SEPTEMBER 23, 1975 

c1- CN- D.O. Temp. Hardness 
mg/ S ta t i on  PPm PPm PH 

+ 0.1 2 0.03 PPm "C Ca GO, - 

Spring 
F a l l  

- 
8 

Spr ing * Fall 
0.5 - < 0.03 - 6.8 - 11.4 - 70 - 

- 
8 

Spr ing 
F a l l  

< 0.03 - 6.6 
7.3 

11.7 
r 

3.5 
10 

22 - 
Spr ing 
F a l l  

< 0.03 - 6.8 
7.3 

11.5 - 22 - - 
10 

F a l l  
Spr ing < 0.03 - 6.6 

6.7 
1 1 . 5  - 9.6 - 10 

- 

Spr ing 
F a l l  

< 0.5 - < 0.03 - 6.7 - 12.3 - 2 - 17 - 

F a l l  
Spr ing < 0.5 - 6.8 - 170 - 
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6.2  Water Chemi s t r y  

6 .2 .1  -~ Water Hardness,  Chlorine and Cyanide. These waters were 
found t o  be r e l a t ive ly   so f t   ( i . e . ,  4 0 0  mg/R CaC03 equivalents) 
except for s ta t ion 8, the mine drainage, which contained  elevated 
levels of  calcium  (Table 3) .  S t a t i o n  2 ,  although c lass i f iab ly   sof t ,  
exhibited  elevated  levels of  to ta l  magnesium d u r i n g  the f a l l  survey 
b u t  by subtraction  this phenomenon could be at t r ibuted t o  the  sediment 
load added by construction  activity and not t o  the mine drainage. 

Waters low i n  calcium and magnesium ions  (soft) ,   increase  the 
toxici ty  of  many metals t o  aquat ic   l i fe  by several  fold ( E . P . A . ,  1973). 
For instance, cadmium (Cd) which i tself   acts   synergis t ical ly  w i t h  zinc 
and other  metals  to  increase  toxic  effects  is  considered  "safe" a t  
0.03 mg/R i n  hard waters b u t  "safe"  only a t  0.0004 mg/i  in  soft  waters 
( E . P . A . ,  1973). 

Zinc, which is   a lso  great ly   affected by water hardness, i s  
regarded  acceptable a t  the  0.03 mg/R level  in hard water ( E . P . A . ,  1973). 
I n  s o f t  water such as Anomaly Creek a larger  safety margin should be 
considered,  as 0.04 ppm zinc i n  sof t  water  prevented  the  hatching o f  
rainbow trout (McKee & Wolf, 1963). 

Background levels o f  anionic  chlorine (Cl-)  and cyanide ( C N - )  
were below the  detection 1 imits  (Table  3). Both were of major  concern 
d u r i n g  the  preliminary  feasibility  studies when  some discharge of 
tailing  decant was anticipated. Now t h a t  the Northair operation  will 
be impounding all   their   excess  water,  i t  can be expected t h a t  through 
a g i n g  and di lut ion,  b o t h  these  toxic  anions  will be reduced t o  ambient 
levels.  Since  the  toxicity of CN- depends largely on pH, dissolved 
oxygen, temperature, and hardness,  the  actual  toxicity  of  the  tailings 
supernatant  cannot be determined from the  concentration of  CN- alone. 
Therefore,  the  toxicity o f  the McLeod Creek holding pond contents 
should be determined by bioanalyses prior to  the  granting of a permit 
t o  release  stored  supernatant t o  the Call aghan system  once the mi ne 
i s  closed. 
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6.2.2 Metal Analyses.  Cation  analyses for   the f a l l  and sumner 
surveys  are  presented i n  Tables 4 and 5. Except for   s ta t ions  2 and 
8 the metal levels examined were low and representative of pr i s t ine  
condi t i  ons. 

Station 2, the  drainage immediately adjacent  to  the  develop- 
ment  contained  abnormally h i g h  levels  of Pb and Zn d u r i n g  the spring 
survey. These , however , d i d  not exceed the  National Regulations and 
Guidelines of 0.2 mg/R Pb and 0.5 mg/R Zn.  The s i tuat ion had 
deteriorated  in  the  fall   to  the p o i n t  where the  Regulations and 
Guidelines were exceeded i n  both these  metals, and t o t a l  cadmium  was 
detected and t o t a l  iron increased  200-fold.  Station 8, the mine 
seepage, exceeded the  National  Regulations and Guidelines i n  Pb 
and Z n ,  and Cu f e l l   j u s t   sho r t  of  the maximum permissible limits. 

Since the mine seepage forms the b u l k  of the volume of 
Anomaly Creek a t  s ta t ion 2 and improvements are expected i n  con- 
troll ing  the  disruption of Anomaly Creek adjacent  to  the  mill   si te,  
i t  i s   c l e a r  t h a t  the mine drainage  poses  the major source o f  
water  pollution. In  most cases  the  dissolved  fractions o f  these 
metals  are well below the  hazardous  level;  therefore, removal o f  
the  solids  fraction would appreciably  reduce  the  total metal levels.  

6.2.3 Nutrient  Analyses.  Several  processes i n  the  dressing of 
ore use reagents t h a t  contain  bases  or  bi-products o f  PO4, N O p ,  
NO3, and SO4. I f  the  quantities o f  these  materials  are  large, 
they  could const i tute  a threat t o  the  biota of Anomaly and 
Callaghan creeks. 

Sulfates,  for example, t h a t  could or iginate  from the  microbial 
leaching of  mineral deposits and various common flotation  reagents  are 
known t o  be le thal   to  a number of common fish species a t  concentrations 
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TABLE 4 TOTAL  EXTRACTABLE AND DISSOLVED  METAL  ANALYSES - 
JUNE 10,  1975 (ppm) 

S ta t i on  
Me t a  1 

1 2 3 4 5  7 8 

Ca t o t a l  
d isso lved 

26 - 8.1 - 8.2 3.4  6.4  63 - - - - 
Cd t o t a l  

d i   s s o l  ved 
< 0.01 
< 0.01 

< 0.01 
< 0.01 

<0.01 < 0.01 <0.01 CO.01 
CO.01 <0.01 <0.01 - 

Cu t o t a l  
d isso lved 

0.01 
< 0.01 

< 0.01 
< 0.01 

<0.01 <0.01 0.01 0.02 
<0.01 <0.01 CO.01 - 

Fe t o t a l  
d isso lved 

1.26 
0.04 

0.07 
(0.03 

0.07 0.05 0.04 0.08 
C0.03  <0.03  <0.03 - 

Fig t o t a l  
d isso lved 

1.3 - 0.33 - 0.4 0.28 0.31 3.1 - - - - 
Mo t o t a l  

d i   s s o l  ved 
< 0.3 - < 0.3 - 

Ni t o t a l  
d i   s s o l  ved 

< 0.1 - < 0.1 - 
Pb t o t a l  

d i sso l ved  
0.03 

< 0.02 
0.02 

< 0.02 
(0.02 < 0.02 (0.02 0.03 
(0.02 (0.02 (0.02 - 

Zn t o t a l  
d i s s o l  ved 

0.06 
0.02 

0.02 
< 0.01 

0.02 CO.01 0.03 0.07 
0.01 <0.01 <0.01 - 
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TABLE 5 TOTAL  EXTRACTABLE  AND DISSOLVED METAL  ANALYSES - 
SEPTEMBER 23, 1975 (ppm) 

Station 

..1 2 3  4  5 7 8 
Me ta 1 

Ca total  
dissol ved 

70 - 27 - 25 - 5 - 19 - 120 - 
Cd total  

dissolved 
< 0.01 
4 0.01 

0.02 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

Cu total  
dissolved 

< 0.01 
< 0.01 

0.49 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

< 0.01 
< 0.01 

0.15 
< 0.01 

Fe total  
dissolved 

0.4 
< 0.03 

2 60 
< 0.03 

0.28 
C0.03 

0.18 
< 0.03 

0.48 
0.03 

0.05 
< 0.03 

6.4 
< 0.03 

Mg to ta l  
dissolved 

2.6 - 180 - 1.3 - 1.3 - 0.65 - 0.8 - 6.5 

Mo total  
d i ssol ved 

< 0.3 - < 0.3 - < 0.3 - < 0.3 - < 0.3 - < 0.3 - 
Ni total  

dissolved 
< 0.1 - < 0.1 - < 0.1 - < 0.1 - < 0.1 - 

Pb total  
di  ssol ved 

< 0.02 
< 0.02 

< 0.02 
< 0.02 

< 0.02 
< 0.02 

< 0.02 
< 0.02 

< 0.02 
< 0.02 

< 0.02 
< 0.02 

0.38 
< 0.02 

Zn total  
dissolved 

0.14 
0.02 

5.4 
0.01 

0.03 
< 0.01 

0.03 
< 0.01 

0.02 
< 0.01 

0.02 
< 0.01 

1.03 
0.03 
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o f  100 mg/R over a p e r i o d   o f  120 hours (McKee and Wol fe,  1963). 

Phosphates  and n i t ra tes   o r i g ina t i ng   f rom  the   domes t i c  sewage batch 

t r e a t m e n t   p l a n t   o r   f r o t h i n g  and promoting  agents may r e s u l t   i n   a l g a e  

blooms tha t   a re   u l t ima te l y   respons ib le   f o r   deg rad ing   wa te r   qua l i t y .  

Table 6 summarizes t h e   n u t r i e n t   c o n t e n t  of the  water a t  each 

s t a t i o n   f o r   b o t h   t h e   s p r i n g  and f a l l  surveys.  Stat ion 2, the  watershed 

immediately downstream o f  the  mine and mill s i te ,   con ta ined   e leva ted   l eve l s  

o f   a l l   n u t r i e n t s  measured i n  the fall survey.  This was mainly a t t r i b u t e d  

t o   t h e  consequences o f   c o n s t r u c t i o n   a t   t h a t   t i m e  and except i n  the  case 

o f   su l fa te ,   these  parameters   d ropped  to   background  leve ls   a t   s ta t ion  3. 
The mine  drainage,  stat ion 8, w h i c h   c o n t r i b u t e s   s i g n i f i c a n t l y  t o  
Anomaly  Creek f low,   con ta ined  excess ive   leve ls   o f   su l fa te   wh ich  were 

d e t e c t a b l e   i n   d e c r e a s i n g  amounts as f a r  downstream as s t a t i o n  5. 

Na tu ra l   su l fa te  (SO4) l eve l s   o r i g ina te   f rom  l each ing  o f  common 

m i n e r a l s ,   t h e   o x i d a t i o n   o f   p y r i t e s   o r  as the   ox id i zed   s ta te   o f   o rgan ic  

mat ter  i n  t h e   s u l f u r   c y c l e .  A degree o f  importance  should be at tached 

t o   t h e   h i g h   l e v e l s   o f  SO4 recorded a t  s t a t i o n  8, s i n c e   t h i s   i n d i c a t e s  

tha t   l each ing  may be occu r r i ng  on the exposed  faces o f   t h e   o r e  body. 

This i s   o f   p a r t i c u l a r  concern  as  there i s  no p r o p o s a l   t o   t r e a t   t h i s  
e f f l uen t   be fo re   d i scha rge .   Th i s   l eve l  exceeds the “ A ”  leve l   s tandards 

(50 mg/R) o f   t h e   P r o v i n c i a l   o b j e c t i v e s   s e t   f o r   t h e   M i n i n g ,  Mine M i l l i n g  

and Sme l t i ng   I ndus t r i es   o f  B.C. (1973). 

I n  most  instances NH3, NOg, NO2 , PO4’ and OP04 (orthophosphate) 

were undetectable i n  the  streams examined. No explanation  can be 

o f f e r r e d   f o r   t h e   d e t e c t a b l e   l e v e l s  o f  NH3, NO2, and NO3 found i n  Nater 

Licence  Creek,  stat ion 7, s ince  i t  i s  e n t i r e l y   u n a f f e c t e d  by the  develop- 

ment t o   d a t e .  

Hypothet ica l ly ,   the  d ischarge o f  excessive amounts o f   n u t r i e n t s  
t o  Anomaly Creek c o u l d   r e s u l t   i n   t h e   o v e r a b u n d a n t   g r o w t h   o f   a l g a e   i n  

both Anomaly  and Callaghan  creeks. I n  extremes t h i s   c o u l d   r e s u l t  i n  

concomitant  odors,   reduct ion i n  oxygen  and acce le ra ted   eu t roph ica t ion  
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TAELE 6 NUTRIENT ANALYSES - JUNE 10 AND SEPTEMBER 23, 1975 

TP04 OP04 TS04 NH3 N02 N03 
mg/ RP mg/RP mg/RS04 mg/!LN mg/ RN mg/ RN Station 

- + 0.01 5 0.005 - + 5.0 - + 0.01 - + 0.005 - + 0.01 

Spr ing  
Fall 

- - - 
135 < 0.01 < 0.005 0.02 

- - 
0.01 

- 
< 0.005 

Fall 
Spring 0.19 

5.8 
0.042 
0.05 

- < 0.01 < 0.005 < 0.01 
98  0.025 0.04 0.26 

0.011 
< 0.01 

0.007 
< 0.005 

Spring 
Fall 

< 0.01 < 0.005 < 0.01 
33 0.012 < 0.005 0.02 

Spring 
Fall 

< 0.01 
< 0.01 

< 0.005 
< 0.005 

- < 0.01 < 0.005 < 0.01 
35 < 0.01 < 0.005 < 0.01 

Spr ing  
Fall 

< 0.01 
0.03 

< 0.005 
< 0.005 

- < 0.01 < 0.005 < 0.01 
6 0.012 < 0.005 ~ 0 . 0 1  

Spr ing  
Fall 

< 0.01 
< 0.01 

< 0.005 
< 0.005 

- < 0.01 < 0.005 0.011 
12.5 0.23 0.11 0.52 

Spr ing  
Fall 

< 0.01 
0.7 

110 - < 0.005 < 0.01 
103 < 0.01 < 0.005 < 0.01 

- 
< 0.005 
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o f   the   Da isy   Lake  reservo i r .  What e f f e c t   t h i s  may have  on  developing 

f i s h  eggs  and algae  growth i n  the  spawning  gravels  further  downstream i s  

n o t  known. 

6 .3   B io log i ca l  Assessment 

6.3.1 Benth ic   Inver tebra tes .   Popu la t ions   o f   inver tebra tes ,  each 
w i th   t he i r   un ique   requ i remen ts ,  have  proven t o  be e x c e l l e n t   i n d i c a t o r s   o f  

environmental  changes. All organisms  have spec i f i c   to le rance  ranges  

t o  many d i f f e ren t   env i ronmen ta l   f ac to rs .  Some a r e   h i g h l y   t o l e r a n t  
o f   mod i f i ed   cond i t i ons ,   o the rs   a re   modera te l y   t o le ran t  and  - those  that  

cannot  cope  with even small  environmental changes a r e   h i g h l y   i n t o l e r a n t .  

I n   p r i s t i n e   e c o l o g i c a l   c o n d i t i o n s  a d i v e r s i f i e d   f l o r a  and 

fauna   ex i s t s   ( t o le ran t  and i n t o l e r a n t )   i n  a h i g h l y   i n t e g r a t e d ,   i n t e r -  

dependent  system. Even a s u b t l e   d i s r u p t i o n  o f  t h i s  system may man i fes t  

i t s e l f   i n  a large  re-adjustment  i n  the   re la t i ve   popu la t i on   p ropor t i ons .  

For  example, a change i n  the   nu t r i en t   supp ly  may cause  reduced numbers 

o f  some species  whi le   o thers become more predominant. Community 

s t r u c t u r e  will a d j u s t   t o   s t r e s s   b y   s h i f t s   i n   s p e c i e s   d i v e r s i t y ,   d e n s i t y ,  

and  dominance  (Smith,  1966). However,  sudden  changes i n  t h e   b i o t a   a l s o  
o c c u r   q u i t e   n a t u r a l l y   f r o m  season t o  season  and y e a r   t o   y e a r .  It must 

be remembered t h a t   i n  most  communities  there i s  an overabundance o f   t h e  

members a t  any  one t roph ic   l eve l   t ha t   p ro tec ts   mos t   spec ies   f rom  to ta l  
e l im ina t ion   by   f luc tua t ing   seasona l  changes. 

Tables 7 and 8 represent  the  combined  counts o f   t h r e e   i n v e r t e -  

b r a t e  samples f o r   t h e   s p r i n g  and f a l l  programs respec t i ve l y .  The 

inver tebra tes  were i d e n t i f i e d   t o   f a m i l y  and then   p laced   i n to  one o f   t h r e e  

groups: Group I i s  c o n s i d e r e d   h i g h l y   t o l e r a n t   o f   p o l l u t e d   w a t e r s ;  Group 

11, moderate ly   to lerant ;  and  Group 111, ve ry   i n to le ran t .   F igu res  4 and 

5 g r a p h i c a l l y  show t h e   r e l a t i v e   p r o p o r t i o n s   o f   t h e s e   t h r e e   g r o u p s   a t  

s t a t i o n s  2, 3, 4, and 5 on  June  10  and  September 23, 1975. 
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TABLE 7 POPULATION DISTRIBUTIONS OF BENTHIC INVERTEBRATES AT 
STATLONS 2, 3, 4, AND 5 - JUNE 10, 1975 

S t a t i o n  Number 

2  3  4 5 

GROUP I (Po l l u t i on   To le ran t )  
Oligochaeta,  plesiopora 24  4  18 - 
Platyhelminthes, Rhabdocoel  27 1 3 1 

GROUP I 1  (Moderately  Tolerant) 
Diptera 

He1 i dae 
B1 epharoceri dae 
Empi d i dae 
Tendipedidae 
T i  pul   idae 
Do 1 i c hopod i dae 

Arac hn i da 
Hydracarina  sp. 
Hydracarina sp. 

Hemiptera  Hebridae 
Coleoptera Elmi dae 

GROUP I I I ( In   t o1   e ran  t) 

Ephemeroptera 
Bae ti dae 
Heptageni  idae 

- 53  132  104 
1 62 160  9 

Plecoptera  Chloroper l   idae - 15  21 12 
Tri choptera 

Hydropsychi dae 
Psyckomyi i dae 

- - 1 1 - 8 16 

To ta l   I nd i v idua ls  

Total  Taxa 

212 232 426 199 
- " " " " "  

6  11  15  7 
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TABLE 8 POPULATION  DISTRIBUTIONS OF BENTHIC  INVERTEBRATES AT 
STATIONS 2, 3, 4, AND 5 - SEPTEMBER  23,  1975 

Station  Number 

2 3 4 5 

GROUP I (Pollution  Tolerant) 
Oligochaeta,  plesiopora I 3 - - 
Platyhelminthes,  Rhabdocoel 8 6 - 

GROUP I1 (Moderately  Tolerant) I 

I 

I 

I 

Di p tera 
He 1 idae 
Blepharoceridae 
Empi di dae 
Tendipedidae 
Tipulidae 
Dol  ichopodidae 

Arac hn i da 
Hydracarina  sp. 
Hydracarina  sp. 

Hemi p tera  Hebr i dae 
Coleoptera El mi dae 

2 

I 

aJ 
E: 
V 

aJ 

c, aJ 2 3 1 

GROUP I11 (Intolerant) 
Ephemeroptera 

Bae  ti  dae 
Heptageniidae 

Plecoptera  Chloroperl  idae 
Trichoptera 

Hydropsychidae 
Psychomyi i dae 

I 95 24 24 
I 167 50 31 
I 130 43 65 
I 

I 

I 

I - 1 - 
I 18 12 - 

Total  Individuals 

Total  Taxa 

' 441 158  258 
I 

I 

I 
12 10 6 
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The d a t a   i n d i c a t e s   t h s t  i n  a l l  cases  .Groups I 1  and I 1 1  are  

we l l   represented   w i th   on ly  1 im i ted   representa t ion   f rom Group I (e.g., 

<5% a t  each s t a t i o n ) .   I n  optimum cond i t ions ,  however,  Group I 1 1  
usua l ly   fo rms  the   la rger   p ropor t ion .   D ip te ra ,   espec ia l l y   Tend iped idae 

(midges)  formed  the  bulk o f  Group 11, while  Ephemeroptera  (Mayflies)  and 

P lecop te ra   (S tone f l i es )   f o rmed   the   ma jo r i t y   i n  Group 111. A f u t u r e   r i s e  

i n   t h e   p r o p o r t i o n   o f  Group I a t   t h e  expense o f  Group I I I may be i n d i c a t i v e  
o f  a degrading  env'ironment. The i n v e r t e b r a t e   d i s t r i b u t i o n   h e r e   i n d i c a t e s  

t h a t   t h e   w a t e r s   o f  Anomaly  Creek  were i n   s a t i s f a c t o r y   c o n d i t i o n   d u r i n g  

the  spr ing.  However, dur ing  the fall, t h e   e n t i r e   p o p u l a t i o n   a t   s t a t i o n  

2, immediately  below  the  mine  si te, was comp le te l y   vo id   o f   ben th i c  

inver tebra tes .  The benthos d i s t r i b u t i o n  and dens i t y  had  recovered a t  

s t a t i o n  3. 

The ca l cu la ted   va lues   f o r  and J f o r  each s i t e  sampled  on  the 

two surveys  are  presented i n  Table 9 .  D i v e r s i t y   i n d i c e s   o f   t h e   b e n t h i c  

communities  near  the  Northair  development  averaged  2.093. Some s e n s i t i v i t y  
o f   t h e   i n d e x   i s   l o s t  when d i v e r s i t i e s   a r e  based  on higher  taxonomic  cate- 

g o r i e s   ( E g l o f f  & Brakel,  1973); however, t h i s   r e l a t i v e l y   l o w   v a l u e   i s  

considered  accurate i n   t h a t   b o t h   t h e  evenness  values and t o t a l   i n d i v i d u a l s  

c o l l e c t e d  were high. These low  values may be a t t r i b u t a b l e   t o   t h e   l a c k   o f  

accumulated  nut r ients  i n  these  co ld  nor thern  s t reams  but  a more l i k e l y  
mechanism i s   t h a t   t h e   s t r e a m   b i o t a   a t   s t a t i o n  2 i s  p o s s i b l y   s u f f e r i n g  

from t h e   s i 1   t i n g   r e s u l t i n g   f r o m   t h e   c o n s t r u c t i o n   a c t i v i t i e s  upstream,  and 

i n   t h e  case o f   s t a t i o n  5, t o   t h e   n a t u r a l   g l a c i a l   s i l t a t i o n   c a r r i e d   b y  

Callaghan  Creek.  Figure 6 c lear ly   demonstrates  the  drop i n  d i v e r s i t y   a t  
s t a t i o n s  2 and 5 w h i l e  evenness  values  stay more o r   l ess   cons tan t .  

6.3.2 Tai l ings  Chemistry  and  Bioassay  Results. The t a i l i n g s   d e c a n t  

sample suppl ied  f rom  bench-scale  studies was found t o  be t o x i c   w i t h  a 

96 hour LC50 o f  42% concent ra t ion .   Resu l ts   o f   the   b ioassays   a re  

summarized i n  Table  10  and f u l l   d e t a i l s   a r e  appended.  These bioassays 
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TABLE 9 CALCULATED  VALUES OF a AND J FOR STATIONS 2,  3,  4, AND 5 - 
JUNE 10 AND SEPTEMBER 23, 1975 

Sta t ion  Date a J 

2 June  10 
3  June  10 
4 June  10 
5 June  10 

1.601 0.619 
2.428 0.702 
2.359 0.604 
1.709 0.609 

2 September  23* - - 
3  September 2 3 2.181 0.608 
4  September  23 2.566 0.772 
5 September  23 1  ,804 0.698 

Average  2.093  0.659 

* Not   inc luded  in   ca lcu lat ing  the  average.  
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4, AND 5 - JUt4E 10 AND  SEPTEMBER 23, 1975. 
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were,  however,  performed  on  the  clear  supernatant o f   t h e   s e t t l e d  

t a i l i n g s  and, therefore,   subletha l   factors   such as ab ras ion   t o  

f i s h   g i l l s   f r o m   t h e   t a i l i n g s  sands cou ld   no t  be  determined. Nor 

could a proper  assessment  be made a t   t h i s   t i m e ’ o f   o t h e r   i n f l u e n c i n g  

fac to rs ,  such  as  the  e f fects   o f  sewage e f f l u e n t  if i t  i s  t o  be 

combined w i t h   t h e   t a i l i n g s  and  the t o x i c i t y   b u i l d - u p  i n  t h e   t a i l -  

i ngs  impoundment . 
The t h r e s h o l d   o f   t o x i c i t y ,   b e i n g   d e f i n e d  as the   h ighes t  

c o n c e n t r a t i o n   t e s t e d   t h a t   r e s u l t e d   i n  no m o r t a l i t y   o v e r  a 96-hour 

per iod,  was found t o  be 32% o f   t h e   t a i l i n g s   d e c a n t   c o n c e n t r a t i o n .  

P rov ided   t he   t a i l i ngs  sample supplied  from  the  bench- 

s c a l e   s t u d i e s   i s  a r e a s o n a b l e   i n d i c a t i o n   o f   t h e   t a i l i n g s   q u a l i t y  
w i t h  respect  t o  the p u l p  s e t t l e a b i l i t y ,   t h e n   t u r b i d i t y  and 

suspended so l ids   a re   no t   expec ted   to   p resent  a problem i f  the re  

was an acc iden ta l   re lease   f rom  the   t a i l i ngs  impoundment. The 

s i m u l a t e d   t a i l i n g s  sample  examined contained 5 mg/R suspended 

so l   i ds .  

A b r i e f  chemica l   ana lys i s   o f   t he   t a i l i ngs   decan t   revea led  

t h a t   t h e  sample c o n t a i n e d   p o t e n t i a l l y   t o x i c   l e v e l s   o f   c o p p e r  and 

z inc [ E . P . A . ,  1973, (Table ll)]. These two  metals may have been 
r e s p o n s i b l e   f o r   t h e   a c u t e   t o x i c i t y   o f   t h e   t a i l i n g s  sample. 

Based on  heavy  metal  concentrations  and t o x i c i t y   r e s u l t s ,  

operat ional   decant ing of t he   superna tan t   f rom  e i t he r   t he   t a i l i ngs  pond 

o r   t h e  McLeod Creek h o l d i n g  pond  would be unacceptable. 



- 34 - 

TABLE 10 BIOASSAY RESULTS ON SIMJLATED  TAILINGS EFFLUENT FROM BENCH- 
SCALE STUDIES 

Cumulative Mortality a t  Time 
Concen tra t i  on (hours) 

% Asses smen t 
16  24  48 72 96 

100% 
56% 

32% 

0/5 0/5 0/5 2/5 5/5 Toxi c 
0/5 1/5 5/5 5/5 5/5 Toxic 
0/5 0/5 0/5 0/5 0/5 Non-Toxi c 

Control 0/5  0/5 0/5 0/5 0/5 Non-Toxic 

TABLE 11 TAILINGS  CHEMISTRY 

Non-Fi 1 terable Cd c u  Fe Mo Pb Zn 
Res i dues 

ppm + 3.0 PPm PPm PPm PPm PPm PPm 
(Suspendd Sol ids)  - + 0.01 - + 0.01 - t 0.03 - + 0.3 - + 0.02 - + 0.01 

5 

~ ~ ~~~ ~ ~ 

< 0.01 0.51 0.08 (0.3 0.03 0.16 
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Environment Canada Environnement Canada I$ Environmental Protection  Protection de I'Environnement 

BIOASSAY RECORD - RE LEV^ DESSAIS BtoLoalauEs 

WMPLE NO. I fChJnllll0n no ASTENTION / A  I'attOntlon de COMPANY / MCl4ld 

341 4 Bob Hallam Northair Mines L t d ,  (N.P.L.) 
SAMPLE DESCRIPTION, AMOUNT AND CONTAINER / MICrIOtIOn dO I'4Ch.ntlllon. qrYntll6 *I rdclolent 

-rhKtha.lUJ - )  
e f f u  from henrb scale  studies.  (decanted) 

COLLECTED BY / R6l.d MI DATE TIME I MOW. WITNESS I T h O l n  

Bob Hal 1 am 17/March/75 - 
ANALVSIS REQUIRED /Anawn  demandk  DILUTION WATER fCheckond SAMPLE  HANOLINQ (Cheek one) 

EJU do dltutlon (Cocher relon le w) MJnioulatlon do I'lchantlllon ( C o c k  
u b n  l e a )  . 

1 96 hour LC50 

1 

L 

-RECEIVED IN LABORATORV BY I R O W  JU IIDOU~OI~O oar WITNESS / TImOln  TIME / HeurO DATE 

" I 

FOR LAB USE ONLY - R ~ S E R V L  AU LABORATOIRE 

Linda Patterson 1100 17/03/75 
ORIQINAL SAMPLE I dcnantlllon Inltlal DILUTIONS  MEASURED BY dllutlon WATER I Eau de DILUTION 

SALINITV / Teneur en 101 SALINITY HARDNESS~PPml O H  

r 7 . 3 4  
DllUtlOnS IllUUI&S d'JDIb 

DUr*t* w w n t  votume Tanew an HI 

B 7.23 x0 7 .5  OCOJ 6.3 yo 
~ e p o * l a  0 Le wturne 

FISH SPECIES / Eapdcmda oolsson 

E] M o y m n e  H#bdomodaln 

FISH SIZE / Tllll. du oolsson BlOA$SAV  TEMPERATURE 
T o m w r ~ t u r ~  101s de I 'ewI  

FISH LOADINQ  DENSITY 
anslt i  de I. Charm de oolnons 

Coho WUkW  Amrap. 

7.5 1 ...................... .................. t .................... o c  I .85 w v v g . f l  0 ;::yW.;* 
CORK LLNQTH (aV9.J WLIOHT (avQ.1 I Poldl (aPe.1 RANQE I Port40 
Longwur ae I. ~ourchetto (aoo:) 

RANQ'E / VarlrllOn 

TO 10.1 cm ...... 8,9Jm1o. 'P...lLZ15. gm/g. . 11.12 g m m  ..g., 4 ...... em. h.l.O,Z ...... c m. - 

....... L.inda..f?at.terson ........................ 
ANALYST I Anr lyne 

3..AprllL.1925.. 
DATE 

Mn. mln.150 ........ 
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