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SUMMARY AND CONCLUSIONS \ 

3 

During 1974, Environment Canada undertook an add i t i ona l  ' .  

-study o f   t h e  watershed  adjacent t o   Equ i t y   M in ing   Cap i ta l   L td . ' s  c 

proposed  developnkt  near  Goosly  Lake' to  supplement  water  qual i ty 
b ,ase l ines   es tab l i shed  in  1973 (Hallam  and  Kussat).  Chemistry 

analyses and  96 hour LC50 bioassays were performed  on  the  ta i l ings.  

( i  1 Water  qual i ty analyses  revealed  . that   total   and  dissolved 
meta l   leve ls   in   the   watershed  ad jacent   to   Equ i ty  
Mining  Capi ta l   L- td. 's  Sam Goosly  development  were 

found t o  be s imi la r   to   those  encountered   dur ing   the  
summer o f  1973. 

( i i )   I n   a d d i t i o n   t o   t h e  work  performed i n  1973, background 
l e v e l s   o f   b i o n u t r i e n t s  were  documented. Ptiosphates 

e x i s t e d   i n  low  concentrations and n i t r a t e - n i t r i t e s  . .  

were-  below:  measurable  .quanti t ies.  Sulfates, on the  
o ther  hand, f l u c t u a t e d   r a d i c a l l y  between ,ad jacent   s ta t ions.  , 

(iii) Simula ted   ta i l ings  samples represent ing  the  decant 

f rom  f loccu la ted  and unf locculated  th ickner   over f low,  

suppl ied  f rom  bench-scale  studies were demonstrated 
t o  be non- tox ic   to  coho  salmon a t  100% concentrat ion 
under  96  hour, LC50 s ta t i c   b ioassay   ' cond i t ions .  Chemical 
analyses o f   t h e  samples revea led   tha t   the  use o f  a 
f l o c c u l a n t  was environmental ly more.. a t t r a c t i v e  due t o  

t h e   s i g n i f i c a n t   r e d u c t i o n   o f   t h e   d e l e t e r i o u s   l e v e l s   o f  
l ead  and z inc   assoc ia ted   w i th   the   smal l   f rac t ion  on 
non- f i l te rab le   res idues .  

. .  

(i V I  Under  50% recyc l ing   cond i t ions ,   the   f ina l   d ischarge 
f rom  the   t a i  1 ings impoundments would  theoret ica l  l y  

conta in  100% o f   t h e   d i s s o l v e d   o r  suspended mat ter  

produced  by  the mil 1 a t  one-ha1 f the m i  11 process 
volume b u t  a t  twice  the  concentrat ion.  The e f f e c t   o f  



i v  

t h i s  on t h e   b i o t a   o f  Goosly  Lake i s   n o t  known, b u t  i t  

i s  sug9este.d t h a t   t h e   k t a l s   d i s s o l v e d   i n   . t h e   e f f l u e n t  

wii 1 present a greater  hazard i n  t h e s e .  Soft  waters. 

The mine  process  water  requirements.over a 12-nionkh 
per iod   rep resen ts   app rox i f i t e l y  1 0 . 7 %  o f   t h e   ' l a k e ' s  

volum.  Dur ing  low-f loL  per iods,  such as mid-winter 
when exchange  ,voluriks  drop  below '26 c fs ,   the dis'icharge 
o f  t a i l   i n g s   c o u l d  have  a t rerk i idous  adverse  ef fect  on 

t h e   b i o t a ,   p a r t i c u l a r l y  i n  ,the  i ' tf i lei l iate  lOiial4ty o f  
the  discharge  point .  

The baseline  da-ta  generated i n  t h i s  'mport .and E..:P..'S. 
survei l   lance  Report  5-PR-74-4 will f a t i l   i t a t e  p a s t  
operational  environmental assessments of water  quaq'ity 
ctianges * 

. .  . .  . .  . .  
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1 , INTRODUCTION 

' ' ' .During 1973,.. Environment Canada underto0k.a summer 

and fa l l   s tudy   o f   t he   wa te rshed   ad jacen t   t o   Equ i t y  . .  Min ing . Capita.1 
Ltd. ' s  proposed'  development  near  Goosly Lake' t o   es tab l i sh   wa te r  
qual i ty   bas,e l ines .. . . # p r i o r  t o  the  commencement o f  product ion i n  
l a t e  1975 (Hallam and Kussat). 

The pred ic ted  commencement da te   f o r   t he  Sam Goosly 
development .now seems too   op t im is t i c .  S1 ime control  problems 

resu l t ing   f rom  the   ex tens ive   g r ind ing  needed to.   re lease  the 

f ine ly   d isseminated  minera l   par t ic les  f rom  the.ore have  been 

encountered a t  . t h e   p i l o t   p l a n t  stage. The r e s u l t i n g  comp!ications 

have  caused  delays i n   s o l v i n g   t h e   e x t r a c t i v e   m e t a l l ' u r g y  and  have 
subsequently . .  retarded  the  developm'nt. 

Nevertheless, even w i t h   i n s u f f i c i e n t   d e t a i l s   o f   t h e  
v a r i o u s   e f f l u e n t   q u a l i t i e s ,   p o l l u t i o n   c o n t r o l   p e r m i t s  for 
discharges  from  the open p i t ,   o re   d ress ing  mill and leach ing  

c i r c u i t  have  been app l ied   fo r .  \ 

, 

A t  the moment, Environment Canada i s  concerned w i t h  

the  prospects o f   o n l y  50% . r e c y c l i n g   o f   t h e  mill process  water, 
' compl ica t ions   tha t  can be e x p e c t e d   w i t h   t h e   s e t t l e a b i l i t y  o f  
so l i ds   f rom  the   t a i l i ngs   s lu r r y ,  and t h e   p o s s i b i l i t y   o f   n u t r i e n t  

l o a d i n g   o f  Goosly Lake f rom  the   l each ing   c i r cu i t  and open p i t .  
H i s t o r i c a l l y   t h e r e  has been very 1 i t t l e ,  success i n   d e a l i n g   w i t h  
slimes  and t o  date  'no  control measuyes have  been s t i p u l a t e d  

t o  guarantee  the  qual i ty   or   cons is tency  o f   ta i l ings  supernatant  
and leach ing   c i rcu i t   d ischarges .  \ 

. .  

It i s   s e r i o u s l y  doubted t h a t  Goosly Lake, a small  " 

waterbody  (597  acres)  that  supports seven species o f  r e s i d e n t  
f i s h  and provides a r e a r i n g   h a b i t a t   f o r   f i v e  anadromous species, 
can adequate ly   ass imi la te   the   e f f luen ts   o f   the   o re   d ress ing  mill, 
open p i t ,  domestic sewage and t h e   l e a c h i n g   c i r c u i t ,   e s p e c i a l l y  
i f  product ion i s  doubled as  scheduled. 

c 
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In an t ic ipa t ion .   o f  future problems w i t h  suspended   so l ids  
and excess nutrient loading,  the Environmental .   Protection  Service,  
on J u l y  26, 1974,   col lected  addi t ional   data  on the watershed 
a d j a c e n t ,   t o  the Goosly  Development to   supplement  .the basel. ine 
studies of  1973  ,(Hallam and Kussat) .  This r epor t   p re sen t s  the 
results o f  the survey,  and  includes  complimentary  data, on' 
Goosly  Lake, supplied by the British Columbia Fish and Wi ld l i f e  
Branch,  flow.  rates  of Buck Creek provided by Water Survey o f  
Canada,  'and 96 hr LC50 bioassay and chemistry results on s imulated 
e f f l u e n t .  

h 

r 
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2 MTERIALS AND METHODS 

Permanent sampl ing  s ta t ions  estab l ished  dur ing  the  basel ine 

s t u d i e s   o f  1973 (Hal 1 am .and Kussat) were r e f e r r e d   t o   f o r   t h e  
f o l l o w i n g   a c q u i s i t i o n  ,of.  samples  (see Figure 1). 

2.1  Water Q u a l i t y  Sampling ' 

Four 'one-1 i t r e  samples  were c o l l e c t e d   i n   p o l y e t h y l e n e  
b o t t l e s   a t '  each s i t e .  The " f i r s t  was p rese rved   i n ,   t he   f i e ld   w i th  
5 m l  o f  conc HNO3 fo r   ex t rac tab le   meta l   ana lyses .  The second 

was f i l t e r e d   u s i n g  a Sar tor ious membrane f i l t e r i n g  apparatus  and 
0 . 4 5 ~   c e l l u l o s e   n i t r a t e  paper. The f i l t r a t e  was preserved  wi th  

5 m l  o f  conc HN03 and analyzed  for   d isso lved  meta ls .  A1 1 analyses 

except  lead  determinattons were per fo rmed  by   d i rec t   asp i ra t ion  

w i t h  a J a r r e l  - Ash 82-800 atomic  absorption (A.A. ) u n i t .  
Lead was complexed w i t h  A.P.D.C. ex t rac ted  and a s p i r a t e d   p r i o r  
t o  A.A. 

The t h i r d  sample was kept  cool  and i n   t h e   d a r k   u n t i l  

analyzed  for   n i t ra te,   phosphate  and  su lphate  content .   N i t ra te 
and n i t r i t e  analyses  are  performed on a Technicon  automated 

system w i t h  a color imeter  readout.  All ni t ra tes  are  reduced 

t o   n i t r i t e s  on a copper-cadmium reduct ion column  and a c i d i f i e d .  
-Under ac id i c   cond i t i ons ,   t he  NO2 i on   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   d y e ' i s  measured a t  
550 mu using a 5 cm f l ow  cel.1. 

Phosphates are  converted  to  orthophosphates  by  ac-id 
d igest ion  which  react   wi th   the  molybdate  ion   MOO^)-^ t o  form 

complex heteropoly  acids.  These are i n   t u r n  reduced  wi th  ascorbic 
ac id  t o  form  the molybdenum a c i d  complex colour. The co lou r  
absorbance i s  measured a t  882 mp on a Technicon  colorimeter. 
Su l fa tes   a re   de te rm ined   by   t i t r a t i on   aga ins t  a known concentrat ion 
o f   b a r i  urn c h l o r i d e   i n  a non-aqueous medi um a t  a pH range  between 
1 . 5  and 4.0. In ter ferences  are removed by  ion exchange  and Thor in  

i s  used as- an ind ica tor ,   fo rming  a peachy  pink  endpoint. 

n 

c 
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The f o u r t h  sample, which was a lso  kept   cool   but   o therwise 

untreated, was o b t a i n e d   f o r   t o t a l   f i l t e r a b l e  and n o n - f i l t e r a b l e  
residues.  Environment Canada def ines  the above res idue   f rac t i ons  

\ .  

as fol lows  (Davidson e t   a l ,  1972; APHA, 1971): 

(a )   To ta l  Residues - ' t ha t   ma te r ia l   rema in ing   i n  a vessel 

a f t e r   e v a p o r a t i o n   o f   t h e  sample i n  a muff le  furnace 

a t  103OC' f o r  two  hours; 
i 

( b )   F i l t e r a b l e  Residues - t h a t   p o r t i o n   o f   t h e   t o t a l  
residues  that  pass  through a Whatman  -GF/C f i l t e r  

paper and remain a f t e r   e v a p o r a t i o n   o f  103OC f o r  
two  .hours ; 

(c )   Non-F i l t e rab le  Residues - t h a t   p o r t i o n   o f   t h e   t o t a l  
res idues   tha t   a re   re ta ined  by  a Whatman GF/C 
f i l t e r  .paper  and evaporated t o  dryness a t  103oC 
f o r  one hour. 

. Except f o r   t u r b i d i t y  and conduct iv i ty   which were 

measured f rom  the  four th  sample 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  

us ing a Hac.h  1.860A Turbidimeter and a Sei lbod LTB Conduct iv i ty  
Mete.r, -a-l l   analyses were performed a t  the  Environment Canada Water 
Chemistry  Laboratory i n  West Vancouver. 

f 

2.2 Bioassay  Procedures 

The, supernatant o f  two t a i l i n g s  samples, ( f l o c c u l a t e d  
and un f l occu la ted )   rep resen t ing   t he   t heo re t i ca l  mine e f f l u e n t   f r o m  
the  th ickner   over f low,  were suppl ied  by  Equi ty  Mining:  Capi ta l   Ltd.  
from  bench-scale metal  1 urg ica l . .   s tud ies  for   b ioanalyses.  It was 

assumed t h a t   b o t h  were a c u t e l y   t o x i c  and 96 hour LC50's (1 ) were 
performed t o  assess  the median ' l e t h a l   , c o n c e n t r a t i o n   o f  each. 

Bioassays were performed a t  concentrat ions o f  100% 

(1 ) 96 hour LC50 - -Th is   te rm  re fe rs   to  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 w i r e d  

c 

t o   k j l l   t h e   5 0 t h   p e r c e n t i l e   i n  a group o f   tes t   o rgan i ims,   over  
the .time p e r i o d   o f  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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and 56% on both samples  under s ta t ic ,   aerated  and.wi thout   rep lace"  
ment c o n d i t i o n s   f o r  96 hours   w i th   d i l u t i on   wa te r  (pH =. 6.4;. hardness = ' ' 

F ive coho' under-year l ings'   (Oncorhynchus  'k isutch)  per.30  k i lo . . '  

t e s t  sample ( 5  loaded  densi ty = 1.10 gm/l.).were  used as . test   .species.  

F u l l  bio'assay de ta i l s   a re  appended. 'Observations'of  cumulative 
m o r t a l i t y  were made a t  24,48,72 'and' - .  96 hours.. 

Watei  Chemistry.  Laboratory fo r   dAerm ina t ions   o f   d i sso l ved ,  

metals  and"nonlf i1terable  residue  content.  Procedures  out1  ined. in 
Section 2.1 . were . 1  . .  employed i n  the  analyses. .,. . . 1 .  

v 7.5 ppm,  CaC03) obtained  from  the  North' Vancouver Capilano  Reservoir. 
. . .: . 

. 

A subsample o f  each  supernatant was forwa.rded' t o   t h e  
,: ,?, , . .  

e .  ' . .  . I  

, .  - . (  -f . I .  > .  . .  - - .  

. .  ... ' I' . .  , .. . -  
. .  

.. . ( .  . ' I  
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3 RESULTS AND DISCUSSION 

3.1 Water  Qual i ty 

3.1.1 Physical.  Turbidity,  conductivity and residue  values 
are  presented i n  Table 1. In a l l  b u t  one case ,   f i l t e rab le  residues 
accounted fo r  almost a l l ,  the  residues  ,present. Bridge repair 
j u s t  above Station 5 was probably responsible  for  the small 
fraction  of  non-filterable  residues a t  t h a t  point. 

The unusually h i g h ,  volume of  residue a t   S t a t ion  4 was 
attributed  to  various  activit ies . i n  and around the camp area. 
This was reflected by the  turbidity measurements of 15.0 FTU's 
(sl ightly  translucent t o  the naked eye),  and the degree of 
impedance to  the flow  of e l ec t r i c i ty  as  indicated by the. low 
conductivity value of 55 prnho/cm. 

Conductivity is a measure o f  the  water 's   abil i ty t o  
conduct an electr ical   current  and is primarily due t o  the available 
motile  ionic  constituents. An approximate correlation  exists between 
the amount of filterable  residues  present and the conductance rconductivity 
(pmho/cm) x .6 t o  .7 = fi l terable  residues (ppm)]. This relation- 
ship appears to  hold true i n  these  waters  except a t  Station '4; 
the camp drainage, which  would indicate  that  an abnormal  amount 
of non-ionized  organics  or  non-ionized  colloidal  inorganics was , .' 

present. Most natural  waters  in  the  northwest  sector  of British 
Columbia regis ter  conductances  of between 50 and 150 pmho/cm. 

3.1.2 Heavy Metals.  Total and dissolved metal levels 
summarized i n  Table 2 were found to be equivalent  to those 
recorded i n  the summer of 1973 (Hallam and Kussat, 1974; Beak, 1973). 
The dissolved  fractions i n  a l l  cases were  low and usually below 
the  detection limit. 

As i n  most cold  northern  streams  these  waters  are 
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TABLE 1 TURBIDITY, CONDUCTIVITY AND RESIDUE CONTENT .OF THE WATERSHED 
ADJACENT TO THE GOOSLY  DE,VELOPMENT - JULY 26, 1974 

Sta t ion   Turb i .d i , t y  Conduct To ta l  Res. F i  1 t e r a b l  e Non-Fi 1 t e r -  
Number F.T.U. 's  vmho/cm mg/l 22.5 ' Res. mg/l +2.5 mg/l +2.5 ab le  Res.* 

. -  - 

1 2.6 160  109 109  <2.5 
2 2.5 73  42 42 i 2 . 5  
3- 4.4 28a 168 168 
4 15.0 55 481 481 ~ 2 . 5  
5 2.2 280 1 88 183 ' . . .  5.0 

7  1.8  110  63 , 63 ' ' . C2.5 

9 .  9.5 1 70 121 . ' 121 C2.5 
10  4.2- 1 30  95' . ,. ' '95 <2.5 
-1 1 3.5 . 82 6.9 69 <2 :5 

. .  (2.5 

. .  6  3.4. 88 66  66: . 3 2 . 5  
. .  

8  9.1 200 135  135 '. <2.5 

* Obta ined  by   sub t rac t ion-de tec t ion  limit = 2.5 mgj l  

Ind ica tes   less   than  the   de tec t ion  limit 
. .  

. 
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TABLE 2 TOTAL AND DISSOLVED  METAL  ANALYSES -- JULY 26, 1.974 
. .  

I 

S t a t i o n  
Number PPm  PPm  PPm ' PPm  PPm  PPm  PPm 

Cd' Cr . Cu Fe Mo Pb Zn 

- +0.01 ' 20.02 * - +0.01 - +0.03 - +0.1 , +0.02 +0.01 - - 

9 

10 

11 

Tota l  
D i  ssol  ved 
Tota l  
D isso l  ved 
Tota l  
Dissol  ved 
Tota l  
D i  ssol  ved 
Tota l  
D i  sso l  ved 
Tota l  
D i  sso l  ved 
Tota l  
D i  sso l  ved 
Tota l  
Dissol  ved 
Tota l  
D i  ssol  ved 
Tota l  
Dissolved 
To t a  1 
D isso l  ved 

<o. 01 
<o. 01 

- <0.01 
<o. 01 
<o. 01 
<o .Ol 
<o. 01 
<o .Ol 

' ' <0.01 
<o. 01 
<o. 01 
<o. 01 
<o. 01 
i o .  01 
(0.01 
0.02 

CO.01 
<o .Ol 
<o .Ol 
<o. 01 
<o. 01 
<o. 01 

0.01 
C . 0 2  <0.01 

0.02 
C . 0 2  .<0.01 

0.05 
C . 0 2  0.01 

0.08 
C . 0 2  <0.01 

0.04 
<.02 0.01 

' 0.03 
<.02 (0.01 

0.03 
c.02 0.02 

0.07 
C.02 0.02 

0.02 
<.02 (0.01 

0.03 
<.02 0.01 

0.02 
<.02 <0.01 

0.34 
0.15 
0.20 
0.09 
0.18 

(0.03 
0.31 
0.14 
1.6 
0.. 43 
0.23 

(0 .-03 
1.3 
0.37 
0.76 
0.05 
0.80 
0.16 
0.87 
0.44 
0.50 
0.17 

<O. 3 

<0.3 

<O. 3 
. .  

C0.3 

<O. 3 

<0.3 

<O. 3 

<0.3 

~ 0 . 3  

C0.3 

<0.3 

0.02 
<o. 02 
0.02 

<o. 02 
<o. 02 
<o .02 
0.02 

. * CO.02 
0.02 

10.02 

0.02 
<o. 02 
.0.04 

<o. 02 
<o. 02 
<o. 02 
<o .02 
<o. 02 
0.03 

<o .02 
0.02 

<o. 02 

0.05 
<o. 01 

0.03 
<o. 01 
0.04 

<o .Ol 
0.. 07 . 

<o. 01 
0.08 
0.03 

0.02 
<o. 01 
0.01 

<o. 01 
0.05 

<o .01 
0.02 

c0.01 

0.04 
c0.01 
0.02 

<o. 01 

, < Denotes l ess   t han   t he   dec t i on  1 imit 
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. ,,.,\ . . .  .. . . 
. ,  r e l a t i v e l y  s o f t  [- 60 :ppm'CaCOi equivalents,  calculated'(APHA, 

. .  
1971) from' Hallam and 'Kussat'(1974)l.  This  tends' t o   i nc rease  - '  . ' 

. .  . '  . . . t h e   t o x i c i t y   o f  heavy  metals to   f i sh ' . seve ra l   f o ld .   Fo r  
example, . .  . .  . cadmium, . -  which i t s e l f   a c t s   . s y n e r g i s t i c a l l y   w i t h  such . . ' 

meta.ls a s . z i n c  (McKee and  Wolf, 1.973) to   inc rease  tox ic   e f fec ts ,  

i s  considered  only  ' 'safe"  below 0.03 ppm i n  .hard  waters and . . 

below 0.004  ppm..in so f t   wa te rs '  (E.P.A.. , 1973). 

3.1.3 Bi'on-utrients.  Several  processes i n   t h e   . d r e s s i n g   o f  . . . , . 

ore use reagents  . that   contain b'ases o r  bi '-products o f  .PO4, NO2, ' . .  

NO3, and SO4. .. These could  c,onst i tute,  i f  i n   l a r g e  enough quan t i t i es ,  
a t h r e a t   t o   t h e   b i o t a   o f  Goosly Lake and Buck Creek. 

. .  . .  

i. - 
. . S u l f a t e s ,   f o r  example, ' t ha t   cou ld   o r i g ina te   f rom.   t he  . '. 

. .  

: m ic rob ia l  1eachi.rig o f  mineral  deposits and .the.  antimony  leach,ing , . 

f a c i l  i t ies,   are known t o  'be ' l e t h a l  t o  shiners (an abundant.  species 
a t  Goosly.Lake)  'at  .concentrat ions o f  100 mg/.l 0ve.r a '  per iod  o f  
120 hours ,(McKee and Wolfe,  1963).,  Phosphates  and n i t r a t e s  ' , ,  

or ig inat ing  f rom  'domest ic sewage o r   f r o t h i n g  and promoting  agents 

degrading  water  qual i ty.  

. .  

. .  . .  

, . .  . .  

_ .  can resu l ' t   i n   a lgae  b1,ooms tha ' t   a re   ' u l t ima te l y .   respons ib le   f o r  .. . 
. .  

. 
( '  The 1e.vels  of   b ionutr ients i n  the  :watershed  .adjacent . .  - 

. t o   t h e  'development are  presented. in Table--3. ' . .  . . . .  .~ 1 .  . 

. .  . 

. , .  

N i t r a t e s  and N i t r i t e s  were  below  the  detectable 1 i m i t s  . , 

. .  
. .  

i n   ' a l l   t h e  analyses and phosphates  were.wel1  below  the  Provincial 
"A" l e v e l   o b j e c t i v e s  (2.0 mg/ l )   spec i f ied   fo r  "The Mining,.. 
Min,e-mill  ing, and Smel t i . n g   I n d u s t r i e s   o f   B r i t i s h  Columbia". (1.973). 

' , . Su l fa te   l eve l s ,  on ' the  other hand, var ied  - f rom above the  "A" . ,  

level   standards (50 mg/l) a t   S t a t i o n s  3 and 8 to 'undetec tab le  ' 

a t   o t h e r s .  No explanat ion can  be p r o v i d e d   f o r   t h e s e   e r r a t i c  
'and anomolous readings,. 

- .  . 
. .  

. .  

. .  

. .  
. .  

. .  

. .  
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TABLE 3 BIONUTRIENT CONTENT OF THE WATERSHED  ADJACENT TO THE  GOOSLY 
. DEVELOPMENT - JULY 26,  1974 

. .  

Sta t ion  
Number  mgP/1  mgN/ 1 ' mgN/ 1 mg/ 1 

. .  . .  
TP04 N03 N92 s04 

- +. 005 - +. 005 +. 005 +. 005 - - 

1 , .023 ' ,< .01 < .005 - 
2 .019 < .01 <. 005 <5 
3 .01,3 < A , .  <. 005 . 91 
4 .015 <.01 < .005 <5 
5 .052 < .01 < .005 . .  10. 
6 .015 C . 0 1  < .005 . <5 
7 .029 <.01 < .005 13 
8 ,020 . C . 0 1  < .005 . 52 

. .  

, .  . .  

9 .017 . .  <.01 < .005 43 
10 .027 <.01 c.005 .. 10 
11 <.01 <.01 <. 005 

< Indicates  less  than  the  detect ion limit, . .  

.. 

. .  



I 

. .  

- 12 - 

3.2 Tai 1 ings  Chemistry 'and Bioassay  Results 

The two t a i l i n g s  samples ( f l o c c u l a t e d  and un f loccu la ted)  

supplied  from  bench-scale  studies were found  non- tox ic   a t  100% 

concentrat ion  over  a 96-hour  period.  Results o f   the   b ioassays  
are summari'zed i n  Table 4 and f u l l   d e t a i l s   a r e  appended. These 
bioassays were,  however, performed on the  c lear  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 a b r a s i o n   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 c o u l d   n o t  
be considered.  Nor  could a proper assessment  be made a t   t h i s  

. ,  

t ime  o f   o ther   ' i n f luenc ing   fac to rs ,   such  as   the   e f fec t   o f   leach ing  
e f f l u e n t  i f  it i s  t o  be  combined . w i t h   t h e   t a i l i n g s  and c i r c u i . t  

t he   t ox  

TABLE 4 

i c i t y   b u i l d - u p   a s s o c i a t e d   w i t h  50% recyc le.  

BIOASSAY RESULTS ON FLOCCULATED AND UNFLOCCULATED 

SIMULATED TAILINGS . .  

Sample Or ig in   Concentrat ion . " Cumula t ive   Mor ta l i t y  
% a t   t ime   (h rs .  Asses smen t 

24 48 72 '96 

Tai l ings  f rom 100% 0/5 0/5 0/5 0/5 Non-toxic 
th ickner   un f loccu la ted  56% 0/5 0/5 0/5 0/5 Non-toxic 

Tai l   ings  f rom 100% 0/5 0/5 0/5 0/5  Non-toxic 
t h i c k n e r   f l o c c u l a t e d  5 6% '0/5 0/5 0/5 0/5 Non-'toxic 

P rov ided   t he   t a i l   i ngs  samples suppl ied  f rom  the bench- 

sca le  s tud ies  are 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   r e s p e c t   t o   t h e   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  are  not   expected  to   present  a problem.  Environment 
Canada mainta ins  that  suspended s o l i d s   i n   e f f l u e n t   d i s c h a r g e s   . s h o u l d  

no t  exceed 25 mg/l o r  background  levels,'  whichever i s   t h e   g r e a t e r .  
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Fish have an avoidance  reaction  towards  turbid  water and t r o u t  

and  salmon are  pr imar i ly   s ight   feeders.   Concentrat ions  o f  suspended 
sol ids  exceeding 25 mg/l  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 sh .   Fur ther   inc reases   in   the   leve ls   o f  suspended s o l i d s  cause 
a reduc t ion   in   g rowth  and disease  resistance as we l l  as p h y s i c a l l y  
eroding and c l o g g i n g   t h e   g i l l  membranes (Hynes,  1966; Lantz,  1971). 

T h e  c?f fects o f  s e t t l e d  suspended mater ia ls  on the  stream 

envi  ronrnent are a1 so wel l  documented. B lanket ing.   o f   the  s t ream 
bottom causes a reduct ion  o f   f low  through  the  bot tom  gravel   o f ten 

the segment o f   t he   s t ream  tha t   i s -a f fec ted  'becomes u n s u i t a b l e   f o r  
f i s h  egg  development. S i l 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 ry  emergence 
and  cause h i g h   m o r t a l i t y  and poor fry q u a l i t y   a t  -emergence (Gammon, 1970). 

Chemical  analyses  of  the  unflocculated ta i   l ' i ngs   revea led  
tha t   t he  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   l e a d  and z i n c  

(see  Table 5) .  These appear t o  be s i g n i f i c a n t l y  reduced  by  the  additi.on 
o f  a f l occu len t   i nd i ca t i ng   t ha t   t he   non - f i l   t e rab le   (non -se t t l eab le )  
p a r t i c l e s   o f   g r e a t e r   t h a n  0.4511 i n   s i z e   c o n t r i b u t e d   s i g n i f i c a n t l y  

t o   l e a d  and zinc  contamination. Even w i th   t he  use o f  a f l o c c u l e n t ,  
z inc   l eve l s  exceeded concentrat ions  that  were t o x i c   t o   f l a t h e a d  
minnows and e l i c i t e d  an avoidance  reaction  from  rainbow  trout 
(E.P.A., 1973). 

TABLE 5 . TAILINGS CHEMISTRY 

Non-Fi l   terab le Cd cu Fe . Pb Zn 
Sample Res i dues PPm PPm PPm PPm PPm 
Ori g i n  ppm - +2.5 +o. 01 +o. 01 +0.03 +0.02 +0.01 

Tai 1 ings  from 
t h i c k n e r  6 <. 03 <. 01 .02 .21 1.5 
un f loccu la ted  

Tai 1 i ngs from 
th ickner  
f l o c c u l a t e d  

<3 <. 03 <. 01 <.02 <. 01 .06 c 



4.2 

A rea 597 acres, 
Perimeter 39,500 fee t  
Mean depth 33.7 fee t  
Maximum depth 66 fee t  
Vo 1 ume 2,0,160 'acre-feet 
Elevation 2,700 fee t  

Water Parameters Measured on August 16, 1968 

t 

4 GOOS L Y LAKE 

I t  i s  expected t h a t  demands  on the  watershed  will  increase 
tremendously  because  of i t s ' e a sy  access  to  the Houston-Smithers area 
and proposed-developments. To stress  the  relative importance of 
Goosly  Lake as both a fisheries  resource and a recreational  area ' i n  
re la t ionship  to   i ts   s ize ,   the   Bri t ish Columbia Fish and Wildlife 
Branch has supplied  the  following.  information. 

, ,  

4.1 Dimensions of Goosly  Lake . .  

Seechi  'Disc 6 fee t  
Total  dissolved  sol ids 63 ppm 

4 . 3  ... 'Fisheries Resource' 

Resident fish  distribution from a g i l l  net sample, 
August 17 ,  1968 

,74 red-sided  shiners (Richardsoni us bal  teatus) 
49 pea  mouth  chub (Mylocheilus caur.inum) 
22 longnose suckers (Catastomus calostomus) 
12  rainbow trout (Salmo gairdneri)  . 
8 large-scale  suckers (Catos tomus macrochei 1 us) 
7 mountain whitefish ( Prosopi um w i  1 1 i amsoni ) 
1 kokanee (Oncorhynchus nerka) . ,  

Anadromous species  (Fisheries and Marine Services  f i les) '  

Coho (Oncorhynchus kisutch) 
P i n k  (Oncorhynchus gorbuscha) 
Chinook (Oncorhynchus tschawytsch) 
Sockeye (Oncorhynchus nerka) 
Chum (Oncorhynchus keta) 
Steelhead  Trout (Sal  mo ga i  rdneri ) 



5 EQUITY MINING 

Equi ty  Mining 

program  for i t s   t a i l i n g s  
imate ly  1,600,000 IGPD)  

WATER-USE PROGRAM 

Capital   Ltd.  has proposed a 50%- recyc le  

supernatant.  Process make-up water  (approx- 
i s  t o  be drawn over a  1,000 foot  head from 

Goosly Lake. The b a l a n c e   o f   ' t h e   t a i l i n g s   s u p e r n a t a n t   i s   t o  be 

decanted  f rom  the  . ta i l ings pond t o  Goosly  Lake. This  decant  should 
no t   a f fec t   t he   l ake   l eve l  because i t  i s   o f   t h e  same o r d e r   o f  magnitude 

as the  process make-up water. 

R e t e n t i o n   o f   t h e   t a i l i n g s   s l u r r y   f a c i l i t a t e s   o n l y   s e t t l i n g  

o f  the sands bu t   to   da te   there  has  been  no i n d i c a t i o n   t h a t  any o ther  
t r e a t m e n t   f a c i l i t i e s  will be inco rpo ra ted   t o  remove d isso lved  const i tuents .  

To assume t h a t  50% r e c y c l i n g  reduces  the  quanti ty o f   d i s s o l v e d   t o x i c a n t s  
to   the  env i ronment   by 50% i s   i n c o r r e c t .   I n   r e a l i t y ,  100% o f  the  d isso lved 

and  suspended mat ter   are  d ischarged  a t   tw ice  the  concentrat ion i n  h a l f  
the volume. 50% r e c y c l i n g  by  nature i s  advantageous o n l y   t o   t h e  mill. 
I n  the case of   Equi ty   Min ing  Capi ta l   L td . ,  i t  reduces  the volume o f  
process  water  required and the   s i ze  of  t h e   t a i l i n g s   f a c i l i t i e s  needed. 

The fo l l ow ing   f unc t i on   p red ic t s   t he   concen t ra t i on   o f  any 

contaminant i n  the   t a i l i ngs   du r ing  any given  cycle:  

where x = concentrat ion of contaminant  produced  from a 
s i n g l e   c y c l e  

N = number o f   c y c l e s  

N 
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These contaminants  increase in   concen t ra t i on   asympto t i ca l l y  

un t i l   t hey   reach  a t h e o r e t i c a l   e q u i l i b r i u m . o f   t w i c e   t h e   o r i g i n a l  
concentration.  This  approach  is'100%  vali 'd i n   t h e  case o f   - t h e  
accumulation . o f  a physical,  substance i n  the  e f f luent .   For   chemical  
substances,  the  approach is   s t i l .1   va l id ;   never the less,   chemical  
e q u i l i b r i a   s h o u l d  be taken  into  considerat ion.   Since each mining 

e f f l u e n t   i s  unique, we do no t   a t tempt   t o   p red ic t   t he   ac tua l   s lope   o f  
the  curve  for   Equi ty   Min ing  Capi ta l   L td .  It i s  a known f a c t   t h a t  

accumulation does occur i n  any recyc l   ing  System. 

1 

Figure 2 i l l u s t r a t e s   t h i s  mode o f  accumulat ion  for  a 

constant,  mi 11 a.ddi t i v e   o f  50 mg/l . This  could  represent.  a m i  11 
reagent,  dissolved  metal  or suspended s o l i d .  

.. . " " " 

. .  

I10 

I00 

98 

90 

70 

60 ' 
ZB 

FIGURE 2: 

MI. CYCLE5 

THE ACCUMULATION OF SUSPENDED SOLIDS IN THE TAILINGS AT 
50% RECYCLE FOR A CONSTANT ADDITIVE OF 50 MG/1 ' 
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FIGURE 3 :  E Q U I T Y   M I N E S  AND SURROUNDING DRAINAGE 

t 
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Equ i l i b r i um i s  e s s e n t i a l l y  reached a f t e r   o n l y  14 cyc les  
a t  which  po i .n t   both  the  ta i l ings  recyc le and mill ef f l uen t   con ta ' i n  

ident ica l   quant i ' t ies   o f   d isso lved  contaminants .  The volume of   d ischarge 

from  the t a  f 1 I ngs  impoundments, when f u l l  , equals one-ha1 f the  process 

requirements  and'contains  twice.   the  concentrat ion  .of   solutes  as 
wou1.d  be an equivalent  non-recycle system.  Consequently,  there 

no ecological.  advantage.  Goosly  Lake  would be the   rec  
the  d issolved  const i tuents  d ischarged  f rom  the mill .. . .  

i p i e n t   o f   a l l  

The Buck Creek system  (see,  Figure 3)  which  includes 
. .  

the  d ischarge  of   Goosly Lake, Klo  Creek,and Bob Creek, drains  approx- 
imate ly  210 square  miles. Bob Creek a,nd Klo Creek c o n t r i b u t e  
between 1/2  and 2/3 t h e   t o t a l   f l o w   o f   B u c k - C r e e k   a t  Houston. 
F isher ies  and  Marine  Service  personnel a t  'Smi thers   repor t   tha t  
during  August o f  each year   the  on ly   recorded  f lows  or ig inate from 
Bob and Klo Creeks  and that  the  Goosly Lake o u t l e t   i s  sometimes 

a dry  creek'bed.  This, i n   e f fec t ,   wou ld   c rea te  a closed  system 

f o r   a t   l e a s t  a p o r t i o n  o f  the'year'between  Goosly Lake  and 
the-   Equ i ty  M i  11 . 

Table 6 -  provides a summary o f  .unpubl ished  data*   for  
t he   f l ow   ra tes  measured by an. automatic  water gauge s i t u a t e d   a t  
the  mouth o f  Buck 'Creek.  Data was suppl ied  by  the Water  Survey 
o f  Canada, Vancouver, B.C. 

* Sub jec t   t o   rev i s ion  
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TAB 'LE 6 B U C K   C R E E K  F 'LOW AT MOUTH - 1973 

Mon t h Mean Acre- f e e t  
c f  s (total ) 

Maximum Minimum 
c f  s c f s  

January  ( Ice  condi t ions)  16.5  1,010 16.8  14.4 
February  ( Ice  condi t ions)  11.4  633 13.9 1'1 . 0 

March ( Ice   cond i t ions)  21.0  1,290 33.5 11.6 
A p r i  1 
May 

June 

J u l y  
August 
September 

127.0 7,580 311 .O 36.5 
1,010.0 62,100 2,560.0 389.0 
537.0 32,000 
84.0 5,160 
20.8 1,280 
27.0 1,610 

804.0 239.0 
224.0 22.2 
36.2 8.9 
61.5 20.4 

October 56.4  3,470 66.3  46.5 
November ( Ice  condi   t ions ) 20.3  1,210 50.1 12.1 
December ( I ce   cond i t i ons )  9.8 6 00 11.9  8.0 

YEAR SUMNARY 163.0 11 11,000 2,560.0 8.0 
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BIOA~SAY RECORD - RE LEV^ DESSAIS BtoLootauEs 

$AMPLE NO. I t%untlllon  no AI fENTION / A  I'a11anllon dm COMPANV I SoCIdtd 

3268-1 R.  Hoos Equity Mine - Goosly  Project 
SAMPLE  DESCRIPTION.  AMOUNT AND CONTAINER I D.lcrlDtlon dm IYcNntlllon.  qwntlld et rbldent 

Water  from thickner U-3 effluent 

without flocculant 

1 

This sample is non tox ic   a t  100% concentration i n  a 96 hr.  L C w .  

Linda Patterson Dec. 24/71 .............................................................. .......................... 
ANALVST I Anrlyrtm DATE 

l?P,1101 13/74) Ym. mln ............... 150 



Environment Canada . Environnement Canada 
Environmental Protection Protection de I'Environnement 

BIOASSAY RECORD - RE LEV^ D'ESSAIS BIOLOQIOUES 

-ab L NO. I Ch.nllllOn n 

3 2 6 8 - 2  
""_.""_"I. ""_ __ 1 f?qu'ity Mine - CoosLy_Praje-ct 1 R.  Hooe 
W M P U  UBICRIPrION. AMCIUNT  ANI) C L I N l A I N ~ R  I D.IctIDlIun 6. I Y ~ N n l l l l ~ n .  qwnllld a1 ldclplenl 
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