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INTRODUCTION 

The K ind ra t  Mine i s   s i t u a t e d   i n   t h e  head waters o f   t h e  Zynloetz 
River. The r i ver   suppor ts   na tura l   popu la t ions   o f  sockeye,  coho, chinook, 
s tee l  head t r o u t  and c u t t h r o a t   t r o u t   ( F i g u r e  1). A salmon  enhancement p r o j e c t  
i s  a1 so planned  for   th is   area.  The present  mine i s   s i t u a t e d  on t h e   s i t e   o f  
the  o ld  Duthie  Mine  which was i n   o p e r a t i o n   i n   t h e   e a r l y  1950's w i t h  a m i l l i n g  
c a p a c i t y   o f  150 tonnes/day. The t a i l i n g s  were a l l owed   to   f l ow   f ree l y  down 
the  mountain  side.  Cyanide was used i n   t h e  process. The operation  ceased i n  
1954. The t a i l i n g s  have  had a tendency t o  be ac id  generat ing.   K indrat  
discovered a r i c h   s i 1   v e r   o r e  body on the  proper ty  and in t roduced a 50 t on   pe r  
day l e a d - s i l v e r   f l o t a t i o n  system, which makes it subject   to   the  Meta l   Min ing 
L iqu id   E f f l uen t   Regu la t i ons  (MMLER). Th is   repor t   p resents   da ta   o f  two 

di f ferent   moni tor ing  surveys  conducted November 26, 1982 and J u l y  15,  1983. 
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2 MATERIAL AND  METHOD 

Receiving  water  samplers were comprised of three  sequential grab 
samples. The samples were analysed  for both surveys  for pH, sulphate,  total 
residue,  filterable  residue,  turbidity,  conductivity and total  and dissolved 
metals. In addition,  alkalinity and acidity were analysed  for  the November 
survey  while total  cyanide and thiocyanate were analysed on September 9, 
1982. 

The conductivity,  turbidity,  residue,  sulphates, a1 kalinity and 
acidity samples were kept cool w i t h  wet ice u n t i l  analysed.  Total metal 
samples of 250 m l  each were preserved on s i t e  w i t h  1 m l  of nitr ic  acid.  
Dissolved metal samples  of 100 m l  each were f i  1 tered on s i t e  through  a 
0.45 micron cel lulose  ni t ra te  f i l t e r  and then  preserved w i t h  0.5 m l  n i t r i c  
acid. All samples were delivered  to  the Environmental Protection  Service 
Laboratory i n  West Vancouver. 

The Inductively Coupled Argon  Plasma or ICAP scan, an automatic 
atomic  emissions  spectrophotometer, was used for  the t o t a l  and dissolved 
metal analysis and  gave a  reading of twenty-six  metals. I f  the  copper,  lead, 
or cadmium readings were  below the ICAP detection 1 imit, the samples were 
rerun on the  graphite  furnace of the atomic absorption  spectrophotometer  to 
obtain lower detection limit. 

Total  cyanide samples were coll  ected i n  500 ml bottles,  preserved 
w i t h  sodium hydroxide pel 1 e t s ,  and stored i n  the dark a t  4OC. The samples 
were analysed a t  EPS, West Vancouver lab w i t h  the tetracyanonickelate 
colorimetric method. The detection  1 imit of the  analysis i s  0.03 mg/l . 

Buffered samples to  pH 5 a re  used for  cyanide weak acid  dissociable 
complexed w i t h  nickel and read by colorimetric method. The detection  1 imit 
is  0.03 mg/l. Thiocyanide  samples are complexed w i t h  iron and analysed by 
colorimetric method. The detection limit i s  2.0 mg/l. 
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3 RESULTS 

3.1 Tail ings and Runoff 
Single  grab  water  samples, collected on September 9, 1982, from the 

tailings pond runoff showed acidic drainage (Table 1). The pH was 3.4 and 
he1  ped dissolve many chemical s, as seen i n  the f i  1 terabl e residue values 
(1323 mg/l) .  S i g n i f i c a n t  elevation of heavy metals was found i n  the runoff 
sample,  such as  arsenic, cadmium, cobal t ,  chromium, copper, lead, zinc, 
manganese, i ron ,  calcium, magnesium, strontium and aluminum. The  sample  was 
taken 2 days after a heavy rainfall. I t  was the f i r s t  maximum flow i n  2 
months ( I n l a n d  Waters, 1983). These values were  reduced during the November 
1982 survey when the creeks were  covered w i t h  ice and had reduced  flows. 
This discharge was o u t  of compliance w i t h  the MMLER requirements for pH, 
suspended solids,  arsenic and zinc. 

The analysis of t a i l  ings sediments (Table 2 )  revealed h i g h  values 
of arsenic (17 500 mg/kg) and 1 ead ( 2  840 mg/kg) compared t o  zinc 
(311 mg/kg). The concentrations of heavy metal i n  the tailings runoff showed 
a h i g h  concentration o f  zinc (29.1 mg/l)  compared t o  arsenic (2.86 mg/l)  and 
lead (0.2 mg/l ). These  metal s d i d  not  represent the actual r a t i o  of metals 
i n  the sediments. 

This h i g h  concentration of zinc i n  tailings runoff could be 
explained by the zinc dissolution a b i l i t y  a t  low pH compared t o  arsenic and 
lead. The a v a i l a b i i l i t y  of arsenic a t  low pH can be  reduced by i t s  

mineralization state which bound the metal strongly w i t h  other elements i n  a 
complex formation. The lead  concentrations can be reduced  through the 
formation of insoluble compounds such as sulphides and therefore decrease the 
release of the metal i n  the tailings runoff  (Weast, 1985). 

3.2 Spatial  Differences 

3.2.1 November 26, 1982. The control station .on White Swan Creek 
(S ta t ion  3) was different from the  acid mine drainage effluent i n  many 
aspects  (Table 3) .  The levels of contaminants i n  the effluent were higher 
for residues,  sulphate, conductivity,  t u r b i d i t y ,  a1 kal i n i  ty, acidi ty ,  
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TABLE 1 KINDRAT  MINE,  SMITHERS, B.C. - WATER QUALITY ANALYSES FROM 
GRAB SAMPLES COLLECTED ON SEPTEMBER 9 ,  1982 

 PARAMETER^ 

(mg/l) 

pH ( r e 1   a t i v e   u n i t s )  
non - f i  1 t e r a b l  e r e s i  due 
t o t a l   r e s i d u e  
sulphate 
t o t a l  CN 
th iocyanate (CNS) 
hardness, t o t a l  

As 
B 
Ba 
Be 
Cd 
co 
C r  
cu 
Hg 
Mn 
Mo 
N i  
P 
Pb 
Sb 
Se 
Sn 
Sr 
T i  
V 
Zn 
A1 
Fe 
S i  
Ca 
Mg 
Na 

TAILINGS RUNOFF (mgll) 

September 9 

3 .4  
57 

1380 
663 
< 0.03 
< 2.0 
505 

Tota l  

2.86 
< 0.001 

0.018 
< 0.001 

0.066 
0.156 
0.01 
0.435 

< 0.06 
8.71 
0.014 
0.03 
0.18 
0.2 

< 0.06 
< 0.06 
< 0.01 

0.245 
< 0.002 
< 0.01 
29.1 
5.48 

95.8 
10 
95.7 
29.4 
6 

D i  ss. 

0.75 
0.019 
0.016 

< 0.001 
0.061 
0.217 
0.007 
0.402 

< 0.05 
4.85 

< 0.005 
0.03 
0.14 
0.57 

< 0.05 
< 0.05 
< 0.01 

0.21 
< 0.002 
< 0.01 
25.9 
4.71 

67.3 
11.3 
83.0 
24.9 
5.2 

DETECTION LIMIT 

(mg/l) 

0.1 
5.0 
1.0 
1.0 
0.03 
2.0 
1.0 

Tota l  

0.06 
0.001 
0.001 
0.001 
0.002 
0.006 
0.006 
0.005 
0.06 
0.001 
0.006 
0.02 
0.06 
0.001 
0.06 
0.06 
0.01 
0.001 
0.002 
0.01 
0.002 
0.05 
0.005 
0.10 
0.10 
0.10 
0.10 

Diss. 

0.05 
0.001 
0.001 
0.001 
0.002 
0.005 
0.005 
0.005 
0.05 
0.001 
0.005 
0.02 
0.05 
0.001 
0.05 
0.05 
0.01 
0.001 
0.002 
0.01 
0.002 
0.05 
0.005 
0.10 
0.10 
0.10 
0.10 

. = u n i t s   i n  mg/l  unless  otherwise  stated 
- = n o t  sampled 

Diss. = d isso lved 
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TABLE 2 DETAILED  SEDIMENT  ANALYSIS OF EXISTING  TAILINGS (Duthie  Mine) 
KINDRAT  MINE,  SMITHERS, B.C. - SEPTEMBER 9, 1982 

PARAMETER (ug/g) 

AS 
B 
BA 
BE 
CD 
co 
CR 
cu 
MN 
MO 
N I  
P 
PB 
SN 
SR 
TI 
V 

ZN 

AL 
FE 
SI 
CA 
MG 
NA 

REPLICATES IN AVERAGE 

OLD  DUTHIE  TAILINGS 

17500.1 
22.1 
67.6 
< .2 
< .3 
< .8 
18.5 

177 
907 

23.9 
< 3  
724 
2840 
< 2  

9.8 
51.5 
27 

31 1 

9970 
74800 
6540 
1190 
2410 
210 

2 
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hardness, arsenic, copper, manganese, lead, strontium, zinc, aluminum, iron, 
calcium, magnesium and sodium. pH was higher i n  White Swan Creek.  These 
h i g h  values i n  the acid mine drainage contributed t o  the elevated 
concentrations of sulfate,  acidity and hardness a t  S ta t ion  4. As well, 
arsenic, manganese, zinc and iron  levels were significantly higher than 
S ta t ion  3.  Sulphate, arsenic and iron were significantly  different than 
S ta t ion  3 a t  S ta t ion  5. Evidence of arsenic and iron were s t i l l  
significantly higher a t  Stations 6 and 7 t h a n  the  control s ta t ion,  
S ta t ion  3. 

3.2.2 July 15, 1983. S t a t i o n  1 on Henderson  Creek  was different from 
S ta t ion  3 for hardness and iron which was lower a t  S ta t ion  1 and zinc which 
was higher i n  concentration than S t a t i o n  3 (Table 4 ) .  

The zinc level was found elevated a t  Stations 4 and 5 compared t o  
Stations 1 and 3. Concentrations a t  S t a t ions  6 and 7 were signif icant ly  
reduced  compared t o  S t a t i o n  1 b u t  no t  from Station 3. 

Conductivity, hardness, manganese and pH were found elevated 
downstream of the mine influence stations, compared t o  Stat ions 1 and 3. 

Calcium, manganese and strontium a t  Stations 6 and 7 were elevated 
compared t o  Stations 1 and  3. 

3.3 Temporal Variation 
The ac id  mine drainage water (S ta t ion  2 )  characteristics were 

significantly  different ( p  < .05) between November 26, 1982 and July 15, 1983 
for: t o t a l  residues, t u r b i d i t y ,  conductivity, t o t a l  hardness, sulphate, 
manganese (Mn) ,  lead ( P b ) ,  strontium (Sr), t i t an ium ( T i  1, iron (Fe), calcium 
(Ca),  magnesium (Mg), sodium (Na) and cobalt (Co) .  All values, except 
cobal t ,  were higher i n  November (Tables 3 and 4 ) .  

Sta t ion  3 was similar for most parameters except conductivity,  
nickel and t i t an ium.  The differences between  November 1982 and July 1983 a t  
Station 4 concerns the fol lowing parameters: pH, turbidity,  conductivity, 
hardness, manganese, t i t an ium and zinc. A t  S t a t i o n  5 the same parameters 
were different pl us sulphate and iron. The values were higher i n  November 
except for pH and a t  S t a t ion  5 for manganese, zinc and iron. 
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Conductivity and t i t a n i u m  were the  only  parameters t ha t  were 
d i f f e ren t   a t   a l l  seven stations.  

A comparison between November 26, 1982 w i t h  samples coll  ected by 
the Waste  Management  Branch  on October 12 ,  1982 a t   S t a t ions  3 and 4,  showed 
some variation w i t h  arsenic and zinc,  while the other metal concentrations 
were i n  agreement (Table 5). A t  Stations 3 and 4, the  zinc  concentration was 
similar i n  October and  November.  The arsenic  level was higher i n  October a t  
Station 4 only. I t  seems t h a t  the level of the  principal  contaminant  varies 
w i t h  environmental conditions. 

3.4 Arsenic and Zinc 
On November 26, 1982, the  arsenic  level s downstream of the mine 

were  below the recommended level  for water quality  objectives  for  protection 
of aquatic l i f e   s e t   a t  0.05 mg/l (Reeder 1979). The tailings  drainage 
arsenic  concentration was above this guideline on both surveys. The impact 
of arsenic was found as  far  as  Station 7 on  November 26, 1982. No such 
impact could be traced on July 15, 1983. 

On November 26, 1982 zinc impact was found i n  Aldrich Lake a t  
Station 4 and Stations 4 and 5 on July  15, 1983. These levels were above the 
recommended level  for water quality  objectives  for  protection of aquat ic   l i fe  
a t  a 1 ow hardness  (Reeder 19791, establ  ished a t  0.5 mg/l . Both days the 
discharge was above the MMLER requirement of 1.0 mg/l i n  a single  grab. 
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