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ABSTRACT 

The Environmental  Protection  Service  conducted a mon i to r i ng  

program i n  May 1983 t o  determine  whether   cont inued  modi f icat ions  to   the 

c o l l e c t i o n  and treatment  works a t  Westmin Resources had r e s u l t e d   i n  

improvements i n  Myra  Creek wa te r   qua l i t y .   Conduc t i v i t y ,   res idues ,  

t u rb id i t y ,   su l   pha tes ,  pH and t o t a l  and dissolved  metal  s were  recorded. 

Mean copper,  zinc and sul   phate  loadings were ca lcu la ted .  The Lynx  pond 

d ischarge and any ac id  mine  dra inage  that  escaped c o l l e c t i o n  and t reatment  

appeared t o  be p r imar i l y   respons ib le   f o r   t he   e leva ted   copper  and z inc  

l e v e l s   i n  Myra Creek. The Myra ponds d i scha rge   ma in l y   con t r i bu ted   t o  

increased  residue,  sulphate and hardness  concentrat ions.  Metal and 

s u l p h a t e   l e v e l s   i n  Myra  Creek  were l e s s   i n  May 1983 t h a n   i n  December  1982. 
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1. INTRODUCTION 

Westmin  Resources  Ltd. i s   p r e s e n t l y   o p e r a t i n g   t h e   L y n x  and  Myra 

underground  copper- lead-z inc  mines i n   S t r a t h c o n a   P r o v i n c i a l   P a r k   o n  

Vancouver  Is land. The m i n e s   a r e   l o c a t e d   a t   t h e   s o u t h  end o f   B u t t l e  Lake, 

app rox ima te l y  93 k i l omete rs   by   road   f rom Campbell R i v e r ,  B.C. ( F i g u r e   1 ) .  

Roth  mines  have  been i n   o p e r a t i o n   s i n c e   t h e   l a t e   s i x t i e s   o r   e a r l y  

s e v e n t i e s   b u t   e l e v a t e d   m e t a l   l e v e l s   i n  Myra Creek  have  not been o f   m a j o r  

e n v i r o n m e n t a l   c o n c e r n   u n t i l   v e r y   r e c e n t l y .  

S ince  1966, r e p o r t s   h a v e  been  pub1 ished  by  var ious  government 

agencies and p r i v a t e   c o n s u l t a n t s   r e g a r d i n g   t h e   p r o b a b l e  and a c t u a l   e f f e c t s  

o f   t h e   d i s c h a r g e   o f   m i n e   t a i l i n g s   i n t o   B u t t l e  Lake. I n  comparison, l i t t l e  

a t t e n t i o n  has  been  given t o   e f f e c t s   o f   m i n e   s i t e   d r a i n a g e  on  Myra  Creek o r  

o t h e r   s t r e a m s   i n   t h e   a r e a .  The g e o l o g y   o f   t h e   a r e a  was known t o  be 

c o n d u c i v e   t o   a c i d   g e n e r a t i o n  and i n c r e a s e d   s o l u b i l i z a t i o n   o f   m e t a l s .  

T h e r e f o r e ,   m e t a l   l o a d i n g s   i n t o   B u t t l e  Lake v i a   c r e e k s   d r a i n i n g   t h e   m i n e  

s i t e  w e r e   a n t i c i p a t e d .  However ,   meta l   loading  in to   Rut t le   Lake  f rom 

a r t i f i c i a l   s o u r c e s   ( i  .e. t a i l i n g s   d i s p o s a l )  was expected t o  be much l a r g e r  

b y   o r d e r s   o f   m a g n i t u d e   t h a n  any me ta l   l oad ings   f rom  c reeks   w i th   e leva ted  

m e t a l   l e v e l s  due t o   a c i d   g e n e r a t i o n  and i n c r e a s e d   s o l u b i l i z a t i o n   o f   m e t a l s  

( C 1  arke,   1980) .   Steward  (1972)   d id   suggest   that   leachates,  from open p i t  

a r e a s   a n d   t a i l i n g s   i m p o u n d m e n t s ,   e n t e r i n g   c r e e k s   d r a i n i n g   i n t o   B u t t l e   L a k e  

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

m e t a l   l e v e l s   i n  Myra Creek d i d   n o t  become  a m a j o r   c o n c e r n   u n t i l  1980. 

B.C. Research   (1980)   i nd i ca ted   t ha t   " . . . sou rces   add i t i ona l   t o  

t h e   m i n e   t a i l i n g s  seemed n e c e s s a r y   t o   e x p l a i n   o b s e r v e d   z i n c   c o n c e n t r a t i o n s  

i n   B u t t l e  Lake." C la rke   (1980)   reassessed  pos t -1972  Min is t ry  o f  

E n v i r o n m e n t   d a t a ,   i d e n t i f i e d   s t a t i s t i c a l   t r e n d s   i n   h e a v y   m e t a l  

c o n c e n t r a t i o n s   i n   B u t t l e  Lake  and recommended  a m u l t i - d i s c i p l   i n a r y  

i n v e s t i g a t i o n   t o   e v a l u a t e   t h e   e n v i r o n m e n t a l   i m p a c t   o f   t h e   W e s t e r n   m i n e s  

o p e r a t i o n   i n   d e t a i l  , i n c l u d i n g   c o n t a m i n a t i o n  o f  creek  waters.  
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I n  1981, as a r e s u l t   o f   t h e   C l a r k e   ( 1 9 8 0 )   r e p o r t ,  Westmin 

Resources  Ltd.  conducted a water  qual i t y  mon i to r ing  program a t   t h e i r  

m i n i n g   s i t e .  The r e s u l t s  of t he   p rog ram  i nd i ca ted   t ha t   m ic rob io log i ca l  

l e a c h i n g   o f   z i n c  and copper i n   t h e  Lynx open p i t   h i g h   p y r i t e  waste  rock 

dump had contaminated  surface  waters  draining  into Myra  Creek (B .C .  

Research  1981). By August 1982,  Westmin Resources  Ltd. had i n s t a l   l e d  a 

c o l l e c t i o n  system  between the  waste  rock dunps and Myra  Creek t o   i n t e r c e p t  
sur face and subsurface  waters.  This  water was t o  be pumped t o   t h e  new 

Myra in tegra ted   water  management system f o r   t r e a t m e n t   b e f o r e   r e t u r n i n g   t o  

Myra  Creek. 

The in teg ra ted   su r face  and groundwater   co l lec t ion  and t reatment  

system began o p e r a t i n g   i n   e a r l y  September  1982. Shor t l y   a f te rwards ,   t he  

Envi  ronmental  Protection  Service  conducted a w a t e r   q u a l i t y   m o n i t o r i n g  

program on December 7, 1982 t o  assess the   e f fec t i veness   o f   t he  new 

c o l   l e c t i o n  and treatment  system on i m p r o v i n g   t h e   w a t e r   q u a l i t y   i n  Myra 

Creek. The da ta   co l l   ec ted  on December 7, 1982  showed t h a t   t h e r e  was s t i l l  

a s i g n i f i c a n t   m e t a l   l o a d i n g   t o  Myra  Creek (Kelso and Jones, 1983). 

S i n c e   t h e   i n i t i a l   i n s t a l l a t i o n  and t r i a l  run o f   t h e   c o l l e c t i o n  

and treatment  works, Westmin  Resources  Ltd.  has  been modi fy ing  the  system 

t o  improve  overal l   performance. The Environmental   Protect ion  Service 

conducted t h i s   w a t e r   q u a l i t y   m o n i t o r i n g  program i n  May 1983 t o  determine 

whe the r   t he   con t inued   mod i f i ca t i ons   t o   t he   co l l ec t i on  and treatment  works 

had r e s u l t e d   i n  an improvement i n   t h e   w a t e r   q u a l i t y  o f  Myra  Creek. 
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2. MATERIAL AND METHODS 

On May 16, 1983, c o n d u c t i v i t y  and temperature  were  recorded i n  

t ransec ts   across  Myra  Creek w i t h  a H y d r o l a b   d i g i t a l  4041 i n d i c a t o r   u n i t  

and  4021  sonde u n i t  a t  s i t e s  above  and  below  the  Westmin  treatment and 

c o l l e c t i o n  works ( F i g u r e  2). The r e s u l t s   o f   t h i s   i n i t i a l   c o n d u c t i v i t y  

survey  were  then  used to   de te rm ine   wa te r   chemis t r y   samp l ing   s i t es   (F igu re  

3 )  
Water chemis t r y   da ta   were   co l l ec ted  from May 17  t o  May 19 

i n c l u s i v e .  Each s i t e  was sampled i n   t h e   m o r n i n g  and a f t e r n o o n   i n   o r d e r   t o  

de termine i f  p o l l u t a n t   c o n c e n t r a t i o n s   v a r i e d   d u r i n g   t h e  day.  For  three 

days,  morning and a f te rnoon ,   a t   each  o f  t h e  seven  water  chemistry sampl i n g  
s i t e s ,   c o n d u c t i v i t y  and temperature  were  recorded  wi th  the  Hydro1 ab u n i t  

and f i e l d  pH  was reco rded   w i th  a M e t r o h  pH meter ,  Model E588. Rep l i ca ted  

grab  samples  were  col lected  using a m o d i f i e d   v e r s i o n   o f  a rep1  i ca ted   g rab  

sampler   repor ted  by Oguss and Erl ebach (1976) .  S i x  one 1 i t e r  samples  were 

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

a n a l y z e d   f o r   c o n d u c t i v i t y ,   t u r b i d i t y ,   r e s i d u e s  and sulphates.  Each of t h e  

r e m a i n i n g   t h r e e  1 1 i t e r   b o t t l e s   w e r e  used t o  fill two 250 m l  b o t t l e s  - 
one 250 rnl sample was a n a l y z e d   f o r   t o t a l   m e t a l s  and t h e   o t h e r  was analyzed 

f o r   d i s s o l v e d   m e t a l  s .  

The c o n d u c t i v i t y ,   t u r b i d i t y ,   r e s i d u e s  and sulphate  samples  were 

k e p t   c o o l   w i t h   w e t   i c e   u n t i l   a n a l y z e d .   T o t a l   m e t a l   s a m p l e s   o f  250 m l  each 

were   p reserved  on   s i te   w i th  one m l  o f   n i t r i c   a c i d .  D i  ssolved  metal  

samples o f  100 m l  each  were f i l t e r e d  on s i t e   t h r o u g h  a 0.45 mic ron  

c e l l u l o s e   n i t r a t e   f i l t e r  and then  p reserved  w i th  0.5 m l  n i t r i c   a c i d .  All 

samples  were de l i vered   to   the   Env i ronmenta l   Pro tec t ion   Serv ice /Depar t rnent  

o f   F i s h e r i e s  and  Oceans L a b o r a t o r y   i n  West Vancouver  by May 20, 1983. 

F o r   a n a l y t i c a l  methods r e f e r   t o   t h e   E n v i r o n m e n t  Canada P a c i f i c  

Region  Environmental   Laboratory Manual (Anon,  1979).  Laboratory 

c o n d u c t i v i t y   r e s u l t s   a r e   r e p o r t e d   i n   A p p e n d i x  I 1  and  served  only as  an 
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i n s t r u m e n t   c h e c k   f o r   t h e   H y d r o l a b   u n i t .  The Induct ive ly   Coupled  Argon 

Plasma o r  I C A P  scan, an automated  atomic  emissions  spectrophotometer, was 

used f o r   t h e   t o t a l  and d i sso l ved   me ta l   ana lys i s  and  gave a r e a d i n g   o f  

twen ty -s i x   me ta l s .  If the  copper ,  1 ead o r  cadmium readings  were  below 

t h e  I C A P  d e t e c t i o n  limit, t h e  samples  were  rerun  on  the  graphi te   furnace 

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

1 imit. 

On May 16, a S i  r c o  model #MK-V57 sampl e r  was i n s t a l  1 ed a t   s i t e  

M2 f o r  a t r i a l  run. From May 1 7  t o  May 19 i n c l u s i v e ,   t h e   s a m p l e r  was se t  

On May e a c h   m o r n i n g   t o   c o l l e c t  one  sample  per  hour  over a 24-hour  per iod.  

17, t h e  S i  r c o   s a m p l e r   o n l y   c o l l e c t e d   s a m p l e s   f o r   t h e   f i r s t   t h r e e  

consecut ive   hours ,  9:OO t o  1 1 : O O  i n c l u s i v e ,  because  o f   ba t te ry   fa i  

Those  samples  were  combined and a n a l y z e d   f o r   t o t a l   m e t a l s .  On May 

19, samples  from  three  consecutive  hours  were  combined,  mixed and 

s p l i t   t o   p r o v i d e   t h r e e   r e p l i c a t e  samples f o r   t o t a l   m e t a l   a n a l y s i s .  

1 ure.  

18 and 

then 

On May 17, a rep l   i ca ted   g rab   sample  was c o l l e c t e d  from Kel so 

Creek, a s t r e a m   o f   r u n o f f  from t h e   t a i l i n g s   r o a d   t h a t   e m p t i e s   i n t o  Myra 

C r e e k   a p p r o x i m a t e l y   t h i r t y   m e t e r s   u p s t r e a m   o f  M2. Repl i c a t e   g r a b  samples 

were   co l l ec ted   a long   t he   sou th  bank a t   s i t e  9C, ( o n e   o f   t h e   i n i t i a l  

c o n d u c t i v i t y   t r a n s e c t s ) ,  on May 18 and a long  the   sou th  bank o f  water  

sampl ing s i t e  R4 on May 19 t o   d e t e r m i n e  i f  h i g h e r   r e c o r d e d   c o n d u c t i v i t i e s  

a t  t h e s e   s i t e s   c o u l d  be a t t r i b u t e d   t o  any pa r t i cu la r   chemica l   pa ramete r .  

Repl icated  grab  samples  were  co l lected  f rom  the  Campbel l   R iver  

a t   t h e  Go ld   R iver   Br idge and from  the  Campbel l   River i n   E l k   F a l l s  

Prov inc ia l   Park   on  May 19, 1983 ( F i g u r e   4 ) .  

I n t e r g r a v e l   s e d i m e n t s   w e r e   c o l l e c t e d   a t  M1 and M2 on May 19, 

1983 w i t h  a mod i f i ed   s ta in less   s tee l   sy r i nge   samp le r   (Derksen ,  1983). Two 

s y r i n g e  samples made up  one r e p l   i c a t e  and t h r e e   r e p l   i c a t e  samples  were 

taken  f rom  each  s i te .  Samples  were e v a c u a t e d   i n t o   2 - l i t r e   p o l y e t h y l e n e  

sampl e b o t t l  es. 
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Using  Imhoff cones, t h e   o r i g i n a l  sample was s e t t l e d   f o r  one hour 

t o   o b t a i n  a f i n a l  sample. The t o t a l   v o l   m e  of  the  supernatant as w e 7 1  as 

t h e  volume o f  se t t l ed   ma te r ia l  was recorded. The water i n   t h e  cone was 

decanted and then  the  sediment was d ra ined   i n to  a so i l -bag  by   inver t ing  

the  cone, p u l l i n g   t h e   p l u g ,  and t h e n   u s i n g   d i s t i l l e d   w a t e r   t o   r i n s e  any 

residual   sediment  into  the sample bag. Each rep1 i c a t e  sample was sieved 

t o   t h e  < .15 mm f r a c t i o n   f o r   m e t a l   a n a l y s i s  (Anon, 1979) a t  t he  EPS 

Laboratory. The percent o f  t h e   t o t a l  sample < .15 rnn and - > .15 INII was 

also  determined. See Appendix I f o r   t h e   r e s u l t s .  
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3. RESULTS AND DISCUSSION 

3.1 I n i t i a l  Conductivity/Temperature Survey - May 16, 1983 

On  May 16, 1983, a s i g n i f i c a n t   i n c r e a s e   i n   c o n d u c t i v i t y  was not  

n o t e d   u n t i l   s t a t i o n  8C (150  meters downstream o f   t h e  Myra ponds discharge) 

(Table 1). Conduct iv i ty   increased:   by  on ly   approx imate ly  5 uS/m from 1 C  

( pool s i te   approx imate ly  100 meters downstream o f  M1) t o  7C (25  meters 

downstream o f  Myra ponds discharge);  by  approximately 20 uS /m from 7C t o  

8C; by  on ly  6 uS/m between 8C and 14C (25  meters downstream o f   d i v e r s i o n  

d i t ches )  . 
Two anomal ies   ex is ted   w i th in   the   genera l   t rend  as   jus t   ou t1   ined .  

Conduct iv i t y  was h igh  on the  south bank o f  6C ( 6 4  uS/cm) above the  Myra 

ponds discharge and i n  a pool  area on the  south  shore  of  9C (105 uS/m) .  

Water  samples  were c o l l e c t e d   a t   b o t h   o f   t h e s e   s i t e s   t o   d e t e r m i n e  i f  these 

h ighe r   conduc t i v i t i es   cou ld   be   a t t r i bu ted   t o  any par t i cu la r   chemica l  

parameter  (Sections 3.3.1 and 3.3.2). 

D ischarge  f ran   the   d ivers ion   d i tches  had a h igh   conduc t i v i t y  

(97 uS/cm)  and may have been respons ib le   fo r   the   h igher   conduct iv i t y   no ted  

a long  the  nor th   shore o f  s i t e  14C (25  meters downstream o f   t h e   d i v e r s i o n  

d i t ches )  . 
The Hydrolab  proved t o  be a use fu l   t oo l   i n   de te rm in ing   va r ia t i on  

no t   on l y  between s i t es   bu t   w i th in   s i t es .   Poss ib le  seepage from Myra ponds 

and  sane acid  mine  drainage  along  the  south bank o f   s i t e  6C and 9C 

respec t ive ly ,  may have gone undetected  (Section 3.3) i f ,  as i n  past 

surveys,  only a rep1  icate  grab sample had been co l l   ected  a t   center   s t ream 

f o r  predetermined  stat ions. 

3.2 Water  Chemistry  Study - May 17-19,  1983 

3.2.1 Conductivi ty.  Trends i n   conduc t i v i t y   read ings   a long  Myra 

Creek  were important i n  de termin ing   the   d ispers ion  o f  e f f luen t   d ischarges  

i n  Myra Creek  even though  conduct iv i t ies  were  low  (Table 2).  Conduct iv i t y  

n 

Ir 

m 
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I 

readings  recorded on May 17th and May 18th were d i f f e r e n t  from the   pa t te rn  

o u t l i n e d  by conduct iv i t y   read ings  on May 16th, and increased  not iceably  

below  the Lynx as we l l  as the  Myra t reatment system discharges:  by 15 uS/m 
f r a n   s i t e  #2 ( con t ro l  above  Lynx  pond) t o   s i t e  #3  (bel ow the  Lynx  pond) ; by 

35 uS/an from s i t e  #4 (above Myra ponds) t o   s i t e  #5 (pumphouse below Myra 

ponds). On the  morn ing  o f  May 17 th ,   conduc t i v i t y   i nc reased   on l y   s l i gh t l y  

( 4  uS/an) from s i t e   t 6  (be low  the   d i ve rs ion   d i t ches )   t o   s i t e  #7 (M2) . 
However, on May 18th  the  average  conduct iv i ty  increased  not iceably from 

s i t e s   t 6   t o  #7 (14  uS/an i n   t h e  morning; 20 uS /m  i n   t he   a f te rnoon) .  

On  May 19th,   conduct iv i ty   readings  a t   two  cont ro l   s i tes 

d i f f e r e d .  On the   average,   conduct iv i t y   a t   s i te   #2  was 10 t o  14  uS/an 

h i g h e r   t h a n   a t   s i t e  #l. As such, t h e   d i f f e r e n c e  between t h e   c o n d u c t i v i t y  

a t   s i t e  #2  and A3 was n e g l i g i b l e .  However, t he   i nc rease   i n   conduc t i v i t y  

between s i t e s  #1 and  #3 on the  19th was comparable to   t he   i nc rease  in 
conduct iv i t y   no ted  between s i t e s   # 2  and #3 on the   17 th  and 18th. On the  

19th,   conduct iv i ty   increased between s i t e s   # 4  and  #5, ( 4 0   u S / m   i n   t h e  

morning; 27 uS /m  i n   t he   a f te rnoon)  and between s i t e  #6 t o  #7, ( 1 1  uS/m 
i n   t h e  morning; 41 uS /m  i n   t he   a f te rnoon) .  

U n t i l   t h e   a f t e r n o o n   o f  May 19th ,   conduct iv i t ies  were comparat ively 

h i g h  a1 ong the  south bank o f   s i t e  #4,  where l e v e l  s ranged from 68 t o  

156 uS/cm, and were  anywhere from 24 t o  120 uS/an greater  than  mid-stream 
conduct iv i ty   va lues.  

Conduct iv i t y  on  the  north bank o f   s i t e   # 6   ( b e l o w   t h e   d i v e r s i o n  

d i t ches )  was on the  average 10 uS/an higher  than  mid-stream. 

Conduct iv i ty  values  recorded on t h i s   s u r v e y   a t   c o n t r o l   s i t e  M 1  
were  comparable w i th   conduc t i v i t i es   reco rded   i n  December 1982  whereas 

conduc t i v i t y   va lues   reco rded   a t   s i t es  downstream o f  M1 were h a l f  as  h igh as 

t h e  December 1982 readings  (Kel so and Jones,  1983). 

3.2.2 Tempera t u re.  Temperatures  were genera l l y  2 t o  2.5OC warmer i n  

May 1983 than  those  reported by Kel so and Jones  (1983) i n  December 1982 

(Table 2) .  
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3.2.3 Tu rb id i  tx. T u r b i d i t y   v a l u e s   i n  May 1983 were  less  than 

0.1 mg/l and were  comparable with  values  recorded  by  Kel so and Jones  (1983) 

i n  December 1982. 

3.2.4 Residues.  L ike  conduct iv i ty,   residues were very low but 
t rends i n  leve ls   ra ther   than  absolute  va lues were considered more impor 

i n  de terming  the   e f fec ts  o f  the  mine 's   operat ion.  I n  most instances, 

f i l t e r a b l e   ( d i s s o l v e d   r e s i d u e )  made up the   ma jo r   po r t i on  i f  no t  all o f  

to ta l   res idues   (Tab le  3 ) .  Mean total   residue  ranged  f ran  13 t o  21 mg/ l  

s i t e  #1 t o  between  35 and 45 mg/l a t   s i t e  #7.  

Residue  increased most not iceably ,   by  approx imate ly  10 mg/l, 

between s i t e s  #4 and #5. A more gradual  increase  of 10 mg/l i n   t o t a l  

t a n t  

t h e  

a t  

residue was noted from s i t e  #1 through t o  s i t e  #4. Total   residue  did  not  
increase  between  s i tes #6 and 87. 

Residue  concentrat ions  at  M 1  and below  the Lynx pond discharge 

were  comparable w i t h   t h e  December 1982 survey  resul ts.   Concentrat ions a t  

t he  pumphouse i n  May 1983 were on ly  ha1 f as h igh  as residues  recorded i n  

December 1982 (Kel so and Jones,  1983).  Concentrations a t  M2 i n  May 1983 

were  one t h i r d  as high  as  residues  recorded i n  December 1982. 

3.2.5 Sul  phates.  Sulphate 1 eve1 s i n  Myra  Creek  were low  but 

t rends   i n   su lpha te   va lues  were  useful i n  d e t e n i n g   t h e   e f f e c t   o f   t h e  Lynx 

and Myra ponds discharge on Myra Creek (Table 4 ) .  On each o f   t h e   t h r e e  

days,  morning and afternoon  sampling  showd a twofo ld   inc rease  in   su lphate  

l e v e l  s a t   s i t e  #3  (be l  ow the  Lynx pond discharge) as compared t o   t h e  

contro l   s i tes.   There was another two- t o   t h r e e f o l d   i n c r e a s e   i n   s u l p h a t e  

1 evels  from s i t e  #4 (above  the Myra ponds d i s c h a r g e )   t o   s i t e  #5 (pumphouse 

below Myra ponds discharge).   Sulphate  levels  decreased  s l ight ly  between 

s i t e  #5 and #6. Level s a t   s i t e  #7 ( M 2 )  were  comparable t o   l e v e l  s recorded 

a t  s i t e  85. 
The su l   phate  leve ls   a t  M 1  and bel ow the  Lynx Pond i n  May 1983 

were  comparable to  levels  recorded  by  Kel  so and Jones  (1983) i n  December 
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1982. Sulphate  leve ls  a t  M2 were on ly   one - th i rd  as h igh  as l e v e l  s 

recorded i n  December 1982. I 

I 

I 

I 

I 

P 

3.2.6 - PH The pH  was s l i g h t l y   a c i d i c   t o   n e u t r a l   ( T a b l e  5 ) :  t h e  

lowest pH (6.23) was recorded on May 17 a t  s i t e  #7 (M2) ;  t he   h ighes t  pH 

(7.10) was recorded on May 18 a t  s i t e  t 6  ( pumphouse). The  pH i n  Myra 

Creek  appeared r e l a t i v e l y   u n a f f e c t e d  by m i n i n g   a c t i v i t y .  

3.2.7 Hardness. The v a r i a b i l i t y   i n   t h e  hardness  data was h i g h  and 

i n   i n s t a n c e s ,   t h e r e  was no  measure of s a l t s   o r   d i v a l e n t   m e t a l l i c   c a t i o n s  

(Table 6 ) .  Some samples i nd i ca ted  an approx imate   th ree fo ld   inc rease  in  

hardness from M 1  t o  M2. However, a t  what  p o i n t   s i g n i f i c a n t   i n c r e a s e s   i n  

hardness  occurred may not  be  accurately  determined from the  data  because 

o f   t h e   h i g h   v a r i a b i l i t y .  

3.2.8 Copper. A t  t he  two c o n t r o l   s i t e s ,  ( Y 1  and # 2 ) ,  t o t a l  copper 

ranged  from  less  than 0.001 t o  0.002 m g / l ,   w i t h   t h e   e x c e p t i o n   o f   r e s u l t s  

from t h e   a f t e r n o o n   o f  May 18. Two rep1  icated samples c o l l e c t e d   t h e  

a f t e r n o o n   o f  May 18 had t o t a l  copper  values o f  0.004 mg/l . These h igher  

concentrat ions  appear t o  be  anomalous and the  samples may have  been 

contaminated.  Dissolved  copper  at   s i tes 1 and 2 was  a1  ways less   than 

0.001 mg/l (Table 7 ) .  Below the   mine   s i te ,  mean t o t a l  and d i s s o l v e d  

copper  concentrations  ranged from 0.002 mg/l t o  0.006 m g / l .   I n   a l l  cases, 

t o t a l  copper was ma in l y  made up o f   t h e   d i s s o l v e d   f r a c t i o n .  

Copper concentrat ions  increased  most   not iceably   be low  the Lynx 

pond d i s c h a r g e   ( s i t e  R 3 )  and did  not   increase  again  immediately  below  the 

i n f l u e n c e   o f   t h e  Myra  ponds d i s c h a r g e   ( s i t e s  t 5  and t 6 ) .  Another 

s ign i f i can t   i nc rease   i n   copper   concen t ra t i ons  was noted  at  M2 ( s i t e  t 7 ) .  
A1 1 copper  concentrat ions  recorded  below  the  control   s i tes exceeded those 

a t  t he   con t ro l   s i t es .  

By sampling i n   t he   morn ing  and af ternoon  over  three  consecut ive 

days, v a r i a t i o n   i n   c o n c e n t r a t i o n s  between s i t e s ,  between  days and w i t h i n  
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each  day could be observed. Comparing on ly   the  means  and standard 

dev ia t ions ,  a d i f f e r e n c e   i n   t o t a l  copper  concentrat ions between s i t e s  was 

noted.  Concentrat ions  at   s i te #7 were  elevated as  canpared t o   s i t e  #l. 

There  also  appeared t o  be some v a r i a t i o n   i n   t o t a l  copper  concentrat ions 

between sampl i n g  days a t   the   s i tes   be low  the   two  cont ro l   s i tes .  

Before  determining  whether  there was a v a r i a t i o n   i n  

concen t ra t i ons   w i th in  a day, t h a t  i s  between morning and af ternoon 

samples, the   morn ing   to ta l  copper r e s u l t s  were  pooled and sub jec ted   t o  a 

Chi-square goodness o f  f i t  t e s t  t o  determine i f  the   poo led   resu l ts  came 

from a normal d i s t r i b u t i o n .  The overa l l   hypothes is  was r e j e c t e d   w i t h  

99.9% conf idence and i n d i c a t e d   t h a t   t h e  samples d i d   n o t  come from a normal 

distr ibut ion.   Therefore,   the  non-parametr ic Mann-Whitney t e s t   r a t h e r   t h a n  

the   pa ramet r i c   t - t es t  was used to  determine  whether  there was a 

s i g n i f i c a n t   d i f f e r e n c e  between  morning and af ternoon samples. A t  t he  95% 

conf idence  leve l ,   the   nu l l   hypothes is  was accepted and i n d i c a t e d   t h a t  

t he re  was no s i g n i f i c a n t   d i f f e r e n c e  between morning and a f t e r n o o n   t o t a l  

copper  concentrat ions. 

On the  morn ing  o f  May 17, a rep l icated  grab sample from M2 was 

co l lec ted   dur ing   the   th ree   hour   per iod   the  S i  rco  composite sample was 

taken. The average  grab sample t o t a l  copper  concentrat ion was 0.005 mg/l 
whereas the  S i  rco  composi te  total   copper  concentrat ion was 0.009 mg/l 

(Table  8) .  The S i  r c o   r e s u l t  was unusual ly  h igh.  
A rep l   icated  grab sample was col   leced  the  morning o f  May 18th 

( t o t a l  Cu, ii = 0.005) du r ing   t he   t ime   the  9:OO-11:OO hour S i  rco  composite 

sample was c o l l e c t e d   ( t o t a l  Cu, j i  = 0.007) Another  repl   icate  grab sample 

was co l l ec ted   t he   a f te rnoon   o f  May 18 t o t a l  Cu (x = 0.006) dur ing   the   t ime 
t h e  12: 00-14:OO hour S i  rco  composite sample was c o l   l e c t e d   ( t o t a l  Cu, 

'i = 0.008). The t o t a l  copper  concentrat ions from t h e  S i  rco  composite 

samples on May 18th, exceeded the   rep l   i ca ted   g rab  sample  concentrations. 

However, t h e r e  was l e s s   o f  a d i f f e r e n c e  between the  grab and S i  r c o  sampl e 

concentrat ions on the   18 th  compared t o   t h e  17th. By May 19, t h e   t o t a l  

copper resul ts   f rom  the  rep l   icated  grab samples (morning 2 = 0.005 mg/l; 
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TABLE 8 MEAN  TOTAL COPPER CONCENTRATIONS (mg/l) FROM SIRCO  SAMPLES 

COLLECTED  MAY 17 THROUGH TO MAY 20,  1983 A T   S I T E  #742 

DATE T I  ME 

May 17 

May 18 

May 18-19 

May 19 

May 19-20 

9:oo - 11:oo 

9:oo - 11:oo 
12~00 - 14~00 
15~00 - 17:OO 
18:OO - 20:oo 
21:OO - 23~00 
24~00 - 2:OO 
3:OO - 5:OO 
6:OO - 8:OO 

9:oo - 11:oo 
12~00 - 14~00 
15:OO - 17~00 
18:OO - 20~00 
21:OO - 23~00 

24:OO - 2:OO 
3:OO - 5:OO 
6:OO - 8:OO 

0.009* 

i** 

0.007 

0.008 

0.008 

0.007 
0.007 

0.006 

0.006 

0.006 

0.005 

0.005 

0.005 

0.006 
0.008 

0.006 

0.006 

0.006 

S 

0 

0 

0 

0.001 
0.001 
0.001 

0.001 
0 

0.001 
0.001 
0 

0 

0 

0 

0.001 
0.001 

*On  May 17, samples  were c o l l e c t e d   f o r   o n l y   t h e   f i r s t   t h r e e   c o n s e c u t i v e   h o u r s ,  

9:00 - 11:OO i n c l u s i v e ,  were  then combined and analyzed as one  sample f o r  

t o ta l   me ta l  s. 

**On  May 18 and 19, samples from three  consecutive  hours  were combined, mixed 

and then s p l i t   t o   p r o v i d e   t h r e e  rep1 i c a t e  samples f o r  t o t a l  metal  analysis. 
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Y 

Y 

Y 

1 

af ternoon 2 = 0.006 mg/ l )   were  canparable  to   the  to ta l   copper   resul ts  from 

the  Sirco  composi te samples (9:OO-11:OO hour  composite ? = 0.005 rng/l; 

12:OO-14:OO hour  composite X = 0.005 rng/l) .   Possibly,  the  Sirco  sampler 

was contaminated and d i d   n o t   f u l l y   f l u s h   u n t i l   w e l l   i n t o   t h e  second day. 

Tota l   copper   resul ts  from the S i  r c o  sarnpl e r   a t   s i t e  #7 (M2) over 

a 24-hour  period from 9:00 AM May 18 t o  9:OO AM May 19, ranged from 0.006 

t o  0.008 mg/l. The maximum var ia t ion  throughout   the  per iod was  0.002 mg/l 

(Tabl  e 8).  Total  copper  concentrat ions from the  S i  rco  composites a t  M2 

from 9:00 AM May 19 t o  9:00 AM May 20 ranged from 0.005 t o  0.008 rng/l. 

The maximum va r ia t i on   t h roughou t   t h i s   pe r iod  was 0.003 mg/ l .  

3.2.9 Zinc 

A t  t h e  two cont ro l   s i tes ,   to ta l   z inc   ranged from < 0.002 mg/l t o  

0.006 mg/l and d isso lved  z inc  ranged from < 0.002 mg/l t o  0.003 mg/l. 

Relow the   con t ro l   s i t es ,   t o ta l   z i nc  ranged from 0.054 m g / l   a t   s i t e  #7 t o  

0.013 mg/l a t  s i t e   # 4  and dissolved  zinc  ranged from < 0.002 mg/l a t   s i t e  

#3  t o  0.054 mg/l a t  s i t e  t 7  (Table 9).  

Zinc  concentrat ions i n  Myra  Creek fo l lowed  the  same t rend  as 

copper  concentrat ions. The grea tes t   inc rease  in   z inc   concent ra t ions  was 

noted  below  the Lynx pond d i scha rge   (S i te  R3) where  concentrat ions 

increased between f i v e -  and tenfold.  There was no f u r t h e r   s i g n i f i c a n t  

inc rease  in   z inc   be low  the  Myra ponds d i s c h a r g e   ( s i t e s  if5 and # e ) .  
Another   twofo ld   increase  in   z inc  concentrat ions was noted  below M2 ( s i t e  

R7). All to ta l   z i nc   concen t ra t i ons   be low  the   con t ro l   s i t es  exceeded 

1 eve1 s recorded a t  t he   con t ro l   s i t es   (Tab l  e 9 ) .  

Comparing means  and s t a n d a r d   d e v i a t i o n s ,   v a r i a t i o n   i n   t o t a l   z i n c  

concentrat ions  between  s i tes and v a r i a t i o n   i n   d i s s o l v e d   z i n c  

concentrat ions  between days was noted. The labo ra to ry  had d i f f i c u l t y  

d iges t i ng   t he  samples before  they  were  run  on  the ICAP scan. Therefore, 

some o f   t h e  samples may not  have been adequately  d igested  before  they were 

analyzed  which might exp la in  why d issolved  z inc  concentrat ions  ranged from 
a mean of  < 0.002 t o  0.029 mg/l a t  one s i t e  ( # 3 ) .  
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To determine  whether  there was v a r i a t i o n   w i t h i n  a day, t h e  

morning and a f te rnoon   resu l t s  from a1 1 seven s i tes  over   the  three  day 

sampl ing   per iod  were pooled and compared. F i rs t ,   the   poo led   morn ing   to ta l  

z inc  concentrat ions were subjected t o  a Chi-square goodness o f  f i t  t e s t   t o  

determine  whether  the  concentrat ions came from a normal d i s t r i b u t i o n .  The 

nu l l   hypo thes i s  was r e j e c t e d   w i t h  99.9% confidence and i n d i c a t e d   t h a t   t h e  

samples d i d   n o t  come fran a normal d i s t r i bu t i on .   The re fo re ,   t he  

non-parametric Mann-Whitney t e s t   r a t h e r   t h a n   t h e   p a r a m e t r i c   t - t e s t  was 

used to   determine  whether   there was a s i g n i f i c a n t   d i f f e r e n c e  between 

morning and af ternoon sampl es. A t  t he  95% conf idence  leve l  , the  nu l  1 

hypothesis was accepted and i n d i c a t e d   t h a t   t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  between  morning and a f te rnoon  to ta l   z inc   concent ra t ions .  

On May 17 and 18 to ta l   z i nc   concen t ra t i ons  fran the   S i r co  

sampl es (Table 10) were s l   i g h t l y   h i g h e r   t h a n   t h e   t o t a l   z i n c   c o n c e n t r a t i o n s  

f ran  the  rep1  icated  grab samples (Table 9).  On the  morn ing  o f  May 19, 
S i r c o  and grab sample to ta l   z i nc   concen t ra t i ons  were  canparable. 

Tota l   z inc  concentrat ions from the   S i r co  samples  ranged from 

0.04 t o  0.057 mg/l f o r   t h e  24-hour  period  beginning 9:00 AM May 18 and t h e  

maximum v a r i a t i o n  was 0.012 mg/ l .   Total   z inc  concentrat ions from the  

S i r c o  samples f o r   t h e  24-hour  period  begining 9:00 AM May 19, ranged from 

0.031 t o  0.04 mg/l. The maximun v a r i a t i o n   i n   c o n c e n t r a t i o n s  was 0.019 
mg/l. The h ighe r   S i r co  sample z inc  concentrat ions and s m a l l e r   d a i l y  

v a r i a t i o n   i n   c o n c e n t r a t i o n s   n o t e d  on May 18 as  compared t o  May 19 may have 

been  due t o  contaminat ion as previously  d iscussed. 

3.2.10 Cadmium. Total  and d i sso l ved  cadmium was equal t o  or l e s s  

than 0.0005 mg/ l   a t   a l l   samp l ing   s i t es   du r ing   t he   t h ree  day  survey. 

3.2.11 - Lead. Lead l e v e l s   i n  Myra  Creek bo th  above and below  the 

m i n e / m i l l   s i t e  were  low  (Table 11). The rep l i ca ted   g rab  samples mean 

t o t a l  and dissolved  lead  concentrat ions  never exceeded 0.001 mg/l. The 
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TABLE 10 MEAN TOTAL ZINC CONCENTRATIONS (mg/l) FROM SIRCO SAMPLES COLLECTED 

MAY 17 THROUGH  TO MAY 20, 1983 AT SITE #7-M2 

DATE TIME 

May 17 9:oo - 11:oo 0.056 * 

X** S 

May 18 

May 18-19 

May 19 

9:oo - 11:oo 
12:OO - 14~00 
15~00 - 17:OO 
1 8 ~ 0 0  - 20:OO 
21:OO - 23~00 
24~00 - 2:OO 
3 ~ 0 0  - 5:OO 
6:OO - 8:OO 

9:oo - 11:OO 
12:OO - 14~00 
1 5 ~ 0 0  - 1 7 ~ 0 0  

1 8 ~ 0 0  - 20:OO 
21~00 - 2 3 ~ 0 0  

May 19-20 24~00 - 2:OO 

3:OO - 5:OO 
6:OO - 8:OO 

0.050 

0.050 

0.056 

0.057 

0.051 
0.051 
0.046 
0.046 

0.047 
0.045 
0.039 
0.036 
0.039 
0.031 

0.034 
0.035 

0.001 
0.001 
0 

0.001 
0.001 
0.006 

0.001 
0 

0.002 

0.001 

0 

0.001 

0.001 
0.001 
0.002 
0.001 

*On May 17, samples  were c o l l e c t e d   f o r   o n l y   t h e   f i r s t   t h r e e   c o n s e c u t i v e   h o u r s ,  

9:00 - 11:OO i n c l u s i v e ,  were  then combined and analyzed as one sample f o r  

t o ta l   me ta l  s. 

**On  May 18 and 19, samples from three  consecut ive  hours were  combined,  mixed 

and then s p l i t   t o   p r o v i d e   t h r e e   r e p 1   i c a t e  samples f o r   t o t a l   m e t a l   a n a l y s i s .  
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h ighest   average  to ta l   lead  concentrat ion (0.003 mg/ l )  was recorded a t  M2 

i n  a S i  rco  sampl e co l l   ec ted  between 6:OO and 8: 00 AM May 20 (Tabl e 12).  

3.2.12  A1 umi num. A t  t h e   c o n t r o l   s i t e  #1, mean t o t a l  a1  uminum 

ranged from < 0.05 t o  0.08 mg/l and dissolved  aluninum  ranged from < 0.05 

t o  0.05 mg/l. A t  M2 ( s i t e  #7), mean t o t a l  a1 uninum  ranged from 0.05 t o  

0.10 mg/l and dissolved  aluninum  ranged from < 0.05 t o  0.05 mg/?  (Table 

13) . 
The h ighest   average  to ta l   a lun inun  concentrat ion (0.14 mg/ l )  was 

recorded  be low  the   d ivers ion   d i tches   (s i te  #6) on the   a f te rnoon   o f  May 17. 

Average d isso lved aluminum concentrat ions were  equal t o   o r   b e l o w   d e t e c t i o n  

limit i n   a l l  samples. 

I n  a1 1 but one instance S i  rco  canposi te  and rep1  icated  grab 

samples  were  cunparabl e. On the   a f te rnoon   o f  May 19, the  average  total  

aluninum  concentrat ion from the  rep l icated  grab sample was s l i g h t l y   h i g h e r  

than   t he   t o ta l  a1 uminun concentrat ion from the S i  rco  composite samples 

(Tabl  e 14). 

Mean t o t a l  a1 uminum concentrat ions from S i  rco  cunposi te  samples 

co l l ec ted   du r ing   t he  24-hour  period  beginning a t  9:00  AM May 18  ranged 

from 0.05 t o  0.07 mg/l. Maximun va r ia t i on   ove r   t he  same.24 hour  per iod 

was 0.06 mg/l. Mean to ta l   a lun inun   concen t ra t i ons  from Sirco  composite 

samples c o l l e c t e d   d u r i n g   t h e  24-hour per iod  beginn ing 9:OO AM May 19 a t  

s i t e  #7 ranged from 0.05 t o  0.13 mg/l . Maximun va r ia t i on   ove r   t he  same 

24-hour  period was  0.13 mg/l . 
3.2.13 I ron .  

A t  c o n t r o l   s i t e  #1 mean t o t a l   i r o n  ranged from < 0.005 t o  0.024 mg/l and 

d i s s o l v e d   i r o n  ranged from < 0.005 t o  0.007 mg/l. A t  M2 ( s i t e  # 7 )  mean 

t o t a l   i r o n  ranged from 0.015 t o  0.041 mg/l and d i s s o l v e d   i r o n  ranged from 
< 0.005 t o  0.010 mg/ l  (Table 15).  

m a  

I 

Y 
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TABLE 12 MEAN  TOTAL  LEAD  CONCENTRATIONS (mg/l) FROM SIRCO  SAMPLES  COLLECTED 
MAY 17 THROUGH TO MAY 20, 1983 A T   S I T E  #7-M2 

DATE TI ME 

May 17 

May 18 

May 18-19 

May 19 

I 

May 19-20 

1 

9:oo - 11:oo 

9:oo - 11:oo 

12:OO - 14:OO 

15 :OO - 1 7 ~ 0 0  
18:OO - 20:OO 

21:OO - 2 3 ~ 0 0  

2 4 ~ 0 0  - 2:OO 

3:OO - 5:OO 
6:OO - 8:OO 

9:oo - 11:oo 

1 2 ~ 0 0  - 1 4 ~ 0 0  
1 5 ~ 0 0  - 1 7 ~ 0 0  
18~00 - 2O:OO 
2 1 ~ 0 0  - 2 3 ~ 0 0  

2 4 ~ 0 0  - 2:OO 
3:OO - 5:OO 

6:OO - 8:OO 

0.002 

i(** 

c 0.001 

0.001 

0,001 
< 0.001 

< 0.001 

0 . 002 

0.001 

0.002 

0.002 

0.002 

0.002 
0.002 
0.002 

0.002 
0.002 

0.003 

0 

0 

0.001 
0.001 

0.001 

0.001 

0.001 

0 

0.001 

0 
0 

0.001 
0.001 

0.001 
0.001 

0.001 

*On  May 17, samples  were co l l ec ted   f o r   on l y   t he   f i r s t   t h ree   consecu t i ve   hou rs ,  

9:00 - 11:OO i nc lus i ve ,  were  then  canbined and analyzed as one sample f o r  
t o ta l   me ta l  s. 

**On May 18 and 19, samples from three  consecutive  hours were  combined, mixed 

and then  spl it to   p rov ide   t h ree  rep1 i c a t e  samples fo r   t o ta l   me ta l   ana lys i s .  
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TABLE 14 MEAN  TOTAL  ALWINUM  CONCENTRATIONS (mg/ l )  FROM SIRCO  SAMPLES 

COLLECTED MAY 17 THROUGH TO MAY 20, 1983 A T   S I T E   # 7 - M 2  

DATE T I  ME 

May 17 9:oo - 11:oo 0.050 * 

May 18 

May 18-19 

May 19 

May 19-20 

9:oo - 11:oo 
12~00 - 14:OO 
15:OO - 17:OO 
18~00 - 2O:OO 

21:OO - 2 3 ~ 0 0  

24:OO - 2:OO 

3:OO - 5:OO 

6:OO - 8:OO 

;;** 

0.05 

0.07 

0.07 
0.07 
0.06 
0.07 
0.07 
0.07 

9:oo - 11:oo 0.05 
12:r)O - 14:OO 0.08 
15~00 - 17~00 0.08 
18:OO - 2o:oo 0.11 
21:OO - 23:OO 0.13 
24~00 - 2 ~ 0 0  0.11 
3:OO - 5:OO 0.12 
6:OO - 8:OO 0.12 

S 

0.02 
0.01 
0.01 
0 
0.02 
0.01 
0.01 
0.02 

0.02 
0 
0.01 
0.01 
0.03 
0.02 
0 
0.04 

*On  May 17, sampl es  were c o l l e c t e d   f o r   o n l y   t h e   f i r s t   t h r e e   c o n s e c u t i v e   h o u r s ,  
9:OO - 1l:nO i n c l u s i v e ,  were  then combined and analyzed as one  sample for 
t o ta l   me ta l  s. 

**On May 18 and 19, samples from three  consecut ive  hours were canbined,  mixed 

and then  spl i t  t o   p r o v i d e   t h r e e  rep1 i c a t e  samples f o r   t o t a l   m e t a l   a n a l y s i s .  
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I ron   concen t ra t i ons  f l  uctuated  great ly  over  the  three  day 

sampling  period and s ign i f i can t   i nc reases   i n   concen t ra t i ons  were never 

no ted   cons i s ten t l y   a t  any  one p lace on a1 1 th ree  days. 

However, t h e   o v e r a l l  mean f o r   t h e   t h r e e  day sampling  survey shows a two- 

f o l d   i n c r e a s e   i n   t o t a l   i r o n   l e v e l s  frm s i t e  #1 t o   s i t e  #7. 

Resu l ts   f ran   the  S i  rco  composite  samples  further  exempli fy  the 

g r e a t   v a r i a b i l i t y   i n   i r o n   c o n c e n t r a t i o n s   ( T a b l e   1 6 ) .  Average t o t a l   i r o n  

concen t ra t i ons   f o r   t he  S i  rco  composite samples c o l l e c t e d   d u r i n g   t h e  

24-hour per iod  beginn ing 9:00 AM May 18 ranged from 0.013 t o  0.092 mg/l. 

The maximum v a r i a t i o n   d u r i n g   t h a t   p e r i o d  was 0.208 mg/l. Average t o t a l  

i ron   concent ra t ions   fo r   the   S i rco   compos i te  samples c o l l e c t e d   d u r i n g   t h e  

24-hour  period  beginning 9:00 AM May 19 ranged from 0.013 t o  0.069 mg/l. 

The maximum v a r i a t i o n   d u r i n g   t h a t   p e r i o d  was 0.083 mg/l. 

3.3 Addi t ional   Sampl ing  Si tes 

3.3.1 Kel so Creek.  Kel so Creek, a s ign i f i can t   s t ream  o f   runo f f  
from t h e   t a i l i n g s  road t h a t  emptied i n t o  Myra Creek a p p r o x i m a t e l y   t h i r t y  

meters  upstream o f  M2, t yp i f ied   ac id   m ine   d ra inage  (Tab le  17) .  The pH  was 

low  ( 4 . 9 ) .  Conduct iv i ty ,   res idues and most meta l   leve ls  were  high.  Total 

res idue was  made up a l m o s t   e n t i r e l y   o f   f i l t e r a b l e   r e s i d u e .   S o l u b i l i t y   o f  
metals  increases when pH i s  low. As expected,  dissolved  copper,  zinc and 

cadmium concentrat ions  equal 1 ed the  corresponding  to ta l   meta l  

concentrat ions.   Dissolved aluminum and d i s s o l v e d   i r o n  made  up a 

c o m p a r i n g l y   s m a l l e r   f r a c t i o n   o f   t h e   t o t a l  aluminum and t o t a l   i r o n  

concentrat ions.  Total  hardness was h i g h   w i t h  Ca++,  Mg++ hardness 

making up about 67% o f   t h e   t o t a l .  

3.3.2 South Bank a t  S i t e  9C o f   I n i t i a l   C o n d u c t i v i t y   T r a n s e c t  Survey. 

A grab sample was c o l l e c t e d  from the  south  shore o f   s i t e  9C to   de termine  

i f  the   h igh   conduc t i v i t i es   reco rded   the re  may have  been a t t r i b u t e d   t o  a 

par t icu lar   parameter(  s)  (Table  18) .   Turb id i ty  and su lphate  concentrat ions 
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TABLE 16 MEAN TOTAL IRON CONCENTRATIONS (mg/ l )  FROM SIRCO SAMPLES COLLECTED 

MAY 17 THROUGH TO MAY 20, 1983 AT S ITE #7-M2 

DATE TIME 

May 17  9:oo - 11:oo 0.020 * 

;* * S 

May 18 

May 18-19 

May 19 

May 19-20 

9:oo - 11:oo 
12:OO - 1 4 ~ 0 0  

1 5 ~ 0 0  - 1 7 ~ 0 0  
1 8 ~ 0 0  - 20:OO 
21:OO - 23:OO 

24:OO - 2:OO 

3:OO - 5:OO 

6:OO - 8:OO 

9:oo - 11:oo 
12:OO - 1 4 ~ 0 0  
1 5 ~ 0 0  - 17:OO 

1 8 ~ 0 0  - 2O:OO 
2 1 ~ 0 0  - 2 3 ~ 0 0  

2 4 ~ 0 0  - 2:OO 
3:OO - 5:OO 

6:OO - 8:00 

0.015 

0.015 

0.092 

0.015 

0.015 

0.016 

0.013 

0.016 

0.013 

0.017 

0.019 

0.045 

0.069 

0.047 

0.058 

0.054 

0.001 

0.002 

0.128 
0.001 

0.002 

0.004 

0.001 

0.002 

0.003 

0.005 

0.003 

0.011 

0.025 

0.011 

0.007 

0.023 

*On  May 17, samples  were c o l l e c t e d   f o r   o n l y   t h e   f i r s t   t h r e e   c o n s e c u t i v e   h o u r s ,  

9:OO - 11:OO i n c l u s i v e ,  were  then combined and analyzed a s  one sample f o r  

t o ta l   me ta l  s. 

**On  May 18 and 19, samples from three  consecut ive  hours were  combined,  mixed 

and t h e n   s p l i t   t o   p r o v i d e   t h r e e   r e p l i c a t e  samples f o r   t o t a l   m e t a l   a n a l y s i s .  
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TABLE 17 PHYSICAL AND CHEMICAL  MEASUREMENTS  FROM A SINGLE GRAB SAMPLE 

COLLECTED I N  'KELSO' CREEK ON MAY 17, 1983 

PARAMETER*  RESULT 

Temperature  ("C) - 
pH ( r e l a t i v e   u n i t s )  4.91 

T u r b i d i t y  (FTU) 7.5 

C o n d u c t i v i t y   ( l a b )  (unhos/cm) 293 

C o n d u c t i v i t y   ( f i e l d )  (umhos/an) - 
F i  1 t e r a b l  e Residues  223 

Non-Fi 1 t e r a b l  e Residues 26 

Total  Residues 249 

Sul  phates - 
T o t a l  Copper 1.46 

D i  ssol  ved  Copper 1.50 

Tota l   Z inc  5.76 

D i  ssolved  Zinc 5.76 

To ta l  Cadmium 0.028 
D i  ssol  ved Cadmium 0.027 
T o t a l  Lead 0.003 
D i  ssol ved lead  < 0.001 

T o t a l  A1 uninum 8.64 

D i  ssolved A1 uminum 5.77 

T o t a l   I r o n  1.57 

D i  sso l  ved I r o n  0.15 

Hardness Ca , Mg 89.6 

Total  Hardness 133.0 

*A1 1 un i ts   mg/ l   except   where   ind ica ted   o therw ise .  
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TABLE 18 PHYSICAL AND CHEMICAL MEASUREMENTS FROM A SINGLE GRAB SAMPLE 

COLLECTED I N  A POOL ON THE SOUTH BANK OF SITE 9C ON MAY 18, 19133 

PARAMETER* RESULT 

Temperature ("C) 
pH ( r e l a t i v e   u n i t s )  

T u r b i d i t y  (FTU) 

Conduc t i v i t y   ( l ab )  (umhos/an) 
C o n d u c t i v i t y   ( f i e l d )  (umhos/an) 
F i  1 t e r a b l  e  Residues 

Non-Fi 1 t e r a b l  e Residues 

Total  Residues 

Sul  phates 

Tota l  Copper 

D i  ssol ved Copper 

Total  Zinc 

D i  ssol ved Zinc 

Tota l  Cadmium 

D i  ssol ved Cadmium 

Tota l  Lead 

D i  ssol ved Lead 

Tota l  A1 uninum 

D i  ssol ved A1 uninun 

Tota l   I ron  

D i  ssol ved I r o n  

Hardness Ca, Mg 

Total  Hardness 

5.7 

6.7 

0.7 
73.1 

148 

50 

< 5  
53 

19.0 

0.009 

0.009 

0.089 

< 0.002 

< 0.0005 

< 0.0005 

< 0.001 

< 0.001 

0.2 
< 0.05 

0.16 

< 0.005 
- 

*Al l  u n i t s  mg/l except where indicated  otherwise. 
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L 

m 

a t   t h i s   s i t e  was the  h ighest   recorded  in   the  s tudy.   F i l terab le and t o t a l  

residues were high.  Both  total  copper and to ta l   z inc   concent ra t ions  were 

the  highest  recorded i n   t h e   s t u d y   w i t h   t h e   e x c e p t i o n   o f   K e l s o  Creek 

concentrat ions.   Total   z inc  concentrat ions were almost  twice as h igh  as 

concentrat ions  recorded  at  M2. Cadmium, lead,  aluninum, i r o n  and hardness 

were a l l   v e r y  low.  Therefore,  the  higher  conductivi ty  recorded  along  the 

south  shore o f   s i t e  84 may be a t t r ibu ted   to   h igh   res idues ,   su lphates  and 

more important ly  copper and z inc  leve ls .  

3.3.3 South Bank o f  Water Sampling S i t e  #4.  Conduct iv i ty   a long 

the  south bank upstream o f  Myra ponds d ischarge  (water   sampl ing  s i te  # 4 )  
was not iceably   h igher ,   throughout  most o f   the   s tudy ,   than  the   conduct iv i t y  

i n  midstream a t   t h i s   s i t e .  On  May 19 three  grab samples,  one  above and 

two below s i t e  # 4 ,  were co l lected  to   determine i f  t h e   h i g h   c o n d u c t i v i t i e s  

could be a t t r i b u t e d   t o  any p a r t i c u l a r  parameter  (Table  19). 

Total  residues, made  up a l m o s t   e n t i r e l y   o f   t h e   f i l t e r a b l e  

(d i sso l ved )   f rac t i on ,  were  high. The sulphate  concentrat ion was h igh  

f i f t een   me te rs  downstream o f   s i t e  #4 and f i ve   meters   ups t ream  o f   s i te  #4. 

Total  a1 uninum concent ra t ions   f i f teen   meters  downstream o f   s i t e  #4 were 

the  highest  recorded i n   t h e  s tudy.   Tota l   i ron was v e r y   h i g h   a t   t h e   s i t e  
f i f t een   me te rs  downstream o f  s i t e  #4. Total  and Ca++, Mg++ 

hardness  values were grea ter  a t  f i f teen   meters   dowst ream o f  s i t e   # 4  and 

f ive  meters  upst ream  of   s i te   #4  than  a t  M2. Copper and zinc 

concentrat ions were comparable t o  and less t han   l eve l s   reco rded   i n  

midstream a t  s i t e  #4. Therefore,   the  h igher  conduct iv i ty  recorded  along 

the  south  shore o f   s i t e  #4  can be   a t t r i bu ted   t o   h igh   res idue ,   su lpha te  and 

hardness  concentrat ions and i n  some instances t o   h i g h   t o t a l   a l u n i n u n  and 

t o t a l   i r o n   c o n c e n t r a t i o n s .  

3.3.4 Campbell R iver   a t   Go ld   R iver   Br idge and Campbell R i v e r   i n   E l k  

F a l l s   P r o v i n c i a l  Park. The only  parameter  that  appeared  unusually 

h igh  a t  e i t h e r   s i t e  was t o t a l  and d isso lved  z inc  (Table 20). I n  May 1983 
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TABLE 19 CHEMICAL MEASUREMENTS 

SOUTH BANK OF SITE #4 
FROM SINGLE GRAB SAMPLES  COLLECTED ON THE 

ON MAY 19, 1983 

FIVE METERS FIVE METERS FIFTEEN METERS 

IJPSTREAM DOWNSTREAM DOWNSTREAM 
PARAMETER*  RESULT  RESULT RESULT 

T u r b i d i t y  (FTU) 

Conduc t i v i t y   ( l ab )  (unhos/an) 

C o n d u c t i v i t y   ( f i e l d )  (unhos/cm) 
F i  1 te rab l  e Residues 
Non-Fil terable  Residues 

Total  Residues 

Sul  phates 
Tota l  Copper 

D i  ssol ved  Copper 
Total  Zinc 

D i  ssol ved Zinc 

Total Cadmium 

D i  ssol ved Cadmi un 
Total Lead 

D i  ssol ved Lead 
Tota l  A1 uninum 

D i  ssol v e d  A1 uninun 

Tota l   I ron  

D i  ssol ved I r o n  

Hardness Ca, Mg 

Total Hardness 

< 0.1 

83.7 

68 

57 
< 5  

58 

23.4 

0.002 

0.001 

0.005 

0.004 

< 0.0005 

< 0.0005 

< 0.001 

< 0.001 

0.06 

c 0.05 

0.013 

0.005 

33.3 

33.6 

< 0.1 

61.5 

71  
43 

< 5  

43 

4.4 

0.001 

< 0.001 

0.005 

0.003 

< 0.0005 

< 0.0005 

< 0.001 

< 0.001 

0.05 

< 0.05 

0.023 

0.007 

22.5 

22.7 

< 0.1 

82.7 

77 

58 
( 5  

59 

23.1 

0.002 

0.001 
0.006 

0.006 

< 0.0005 

< 0.0005 

0.002 

< 0.001 

0.11 

< 0.05 

0.119 

0.016 

32.1 

32.3 

*A1 1 units  mg/l   except where indicated  otherwise. 
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TABLE 20 CHEMICAL  PARAMETERS  FROM REPLICATED GRAB SAMPLES I N  THE CAMPBELL R I V E R  

ON MAY 19,  1983 

AT GOLD R I V E R  BRIDGE I N  ELK FALLS PROVINCIAL PARK 

PARAMETERS 
- - 
X S X 5 

T u r b i d i t y  (FTU) 

C o n d u c t i v i t y   ( l a b )  unhos/cm 
F i  1 t e r a b l  e  Residues 

Non-Fi  1 t e r a b l  e  Residues 

Total  Residues 

Sul  phates 

T o t a l  Copper 

D i  sso l  ved  Copper 

To ta l   Z inc  

I)i ssol ved Zi nc 

To ta l  Cadmium 

Di ssol  ved Cadmium 

To ta l  Lead 
Di sso l  ved  Lead 

T o t a l  A1 uninum 

D i  sso l  ved A1 uminum 

T o t a l   I r o n  

D i  ssol  ved I r o n  
Hardness Ca, Mg 

< 0.1 

60.1 
38 

< 5  
39 

5.1 

0.002 

0.002 
0.055 

0.046 

< 0.0005 

0.0003 

< 0.001 
< 0.001 

< 0.05 

< 0.05 
0.020 

0.006 

23.9 

0 

0.6 
4 

0 

3 

0.1 

0.001 

0 

0.002 

0.002 

0 

0.0001 
0 

0 
0 

0 
0.007 

0.001 
1.0 

< 0.01 

47.2 
34 

< 5  
35 

4.1 

0.002 

0.001 
0.033 

0.030 
< 0.0005 

< 0.0005 

< 0.001 
< 0.001 

< 0.05 
< 0.05 

0.053 

0.022 
19.4 

0 

0 
4 

0 

3 

0.1 

0.001 

0 

0.001 

0.002 

0 

0 

0 

0 
0 

0 

0.010 

0.001 

0.8 
Total  Hardness 24.1 1.0  19.6 0.9 



- 42 - 

l e v e l  s o f   t o t a l  and d i s s o l v e d   z i n c   i n  Campbell R iver  a t  the  Gold  River 

Rridge were canparab le   to   the   leve ls   recorded  a t  M2 i n  Myra  Creek. 

However, t he   ave rage   to ta l   z i nc   concen t ra t i on   i n   t he  Campbell R iver  a t  

Gold  River  Bridge had decreased  considerably from May 1982 (0.115 mg/l) t o  

May 1983 (0.055 m g / l ) .  Dissolved  z inc had decreased from 0.107 mg/l i n  

May 1982 t o  0.046 mg/l i n  May 1983. Average t o t a l  and d isso lved  z inc 

c o n c e n t r a t i o n s   i n   t h e  Campbell R iver  a t  the  Gold  River  Rridge  have been as 

f o l  lows : 

May/82 July/82  Oct  .I82 

t o t a l  
d i  sso 

(Resu 

River  

Zn (mg/l) 0.115 0.068 0.046 

l ved  Zn (mg/ l )  0.107 0.063 0.049 

I t s   o f  EPS surveys - personal  canmunication  with B. Ke 

May/83 

0.055 

0.046 
1 so) 

I n  May 1983 l e v e l s  of t o t a l  and d i s s o l v e d   z i n c   i n  

a t   t h e '   E l k   F a l l s   P r o v i n c i a l   P a r k   s i t e  were  canparable 

t h e  Campbell 

t o   t h e   l e v e l s  

recorded i n  Myra  Creek bel  ow t h e  Lynx  treatment system. Z inc   leve l  s have 

n o t   d i f f e r e d   g r e a t l y  between May 1982 and May 1983. Average t o t a l  and 

d i sso l ved   z inc   concen t ra t i ons   i n   t he  Campbell R i v e r   i n   E l k   F a l l s  

P r o v i n c i a l  Park  have  been as fo l l ows :  

May/82 Ju ly /82 oc t ./a2 

t o t a l  Zn (mg/ l )  0.043 0.042 0.026 

d isso lved Zn (mg/l ) 0.045 0.040 0.026 
( R e s u l t s   o f  EPS surveys - personal  camnunication  with B. Kel so) 

May183 

0.033 

0.030 
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4 MEAN COPPER, Z I N C  AND SULPHATE  LOADINGS I N  MYRA CREEK AND TO 

MYRA CREEK FROM VARIOUS SOURCES 

The major   increase  in   copper  and z i n c   l o a d i n g s   i n  Myra  Creek was 

below  the Lynx Pond discharge and another  small  increase was noted  a t  M2. 

The major   inc rease  in   su lphate   load ing  was a t   t h e  punphouse below  the Myra 

ponds, discharge.  Smaller  increases i n  sulphate  loadings were noted  below 

t h e  Lynx pond discharge and a t  M2 (Table 21). 

The metal and sulphate  loadings  f rom  the pond d ischarges   d id   no t  

account f o r   a l l   o f   t h e   i n c r e a s e   i n   l o a d i n g s   n o t e d   i n  Myra Creek  downstream 

o f   t h e  ponds (Table 22). S i te   d ra inage  o r  pond seepage  accounted f o r  63% 

o f   the   d isso lved  copper   load ings ,  74% o f   t h e   t o t a l   z i n c   l o a d i n g s  and 92% 

o f   t he   d i sso l ved   z inc   l oad ings  seen below  the Lynx Pond d ischarge.   S i te  

d ra inage  o r  pond  seepage accounted for   approx imate ly  6% of t h e   t o t a l   z i n c  

loadings a t  t he  pumphouse below  the Myra Ponds d i scha rge .   Las t l y ,   s i t e  

drainage  accounted  for 49% o f   t h e   t o t a l  copper  loadings, 57% o f   t h e  

dissolved  copper  loadings, 59% o f   t h e   t o t a l   z i n c   l o a d i n g s ,  77% of   the 

d isso lved  z inc  loadings,  and 19% o f  the  su lphate  loadings  noted  a t  W .  

There fo re ,   s i t e   d ra inage   o r  pond seepage accounted f o r  a m a j o r   p o r t i o n   o f  

the  metal   loadings i n  Myra  Creek below  the Lynx pond discharge, and f o r  a 

ma jo r   po r t i on   o f   t he   me ta l   l oad ings  between the pumphouse below Myra Ponds 
discharge and M2. 

Tota l   copper   loadings  in  Myra 

s i t e s  MC1, MC2 and M2, respec t i ve  

and 3 t i m e s   l e s s   i n  May 1983 (Tab 

231).  Total  zinc 1 oadi ng i n  Myra 

t imes 1 ess i n  May 1983 (Tabl e 21) 

1Y (Ke 
l e  21) 

Creek 

than 

Creek a t   s i t e s   t 4 ,  #5 and #7 o r  

so and Jones,  1983)  were  between 2 

than i n  December 1982 (Tabl e 

a t   t h e s e   s i t e s  were 3 t o  4 

n December 1982 (Tabl e 23). 

l hendmen t   t o   Tab le  11, page 22, Kel so and Jones, 1983. 
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5. SUMMARY AND CONCLUSIONS 

5.1 R e l a t i o n s h i p  Between Conduct iv ty  and other  Chemical  Parameters 

C o n d u c t i v i t y   r e c o r d e d   i n   t h e   f i e l d   w i t h   t h e  4000 ser ies   Hydro lab  

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

o f   t h e   t r e a t m e n t  system  discharges,  pond  seepages and s i t e   d r a i n a g e   i n  

Myra Creek. The f o l l  owing p a t t e r n  emerged over   the   th ree   day   sampl ing  

su rvey :   t he re  was a small i n c r e a s e   i n   c o n d u c t i v i t y   b e l o w   t h e  Lynx Pond 

d i s c h a r g e   ( s i t e  # 3 ) ;  a t  t h e  pumphouse below  Myra Ponds d i s c h a r g e   ( s i t e  

t 5 ) ;  another  smal l   increase i n   c o n d u c t i v i t y  was noted a t  ( s i t e  # 7 )  on May 

18 and 19. 

The s i g n i f i c a n t   i n c r e a s e   i n   c o n d u c t i v i t y   b e l o w   t h e  Myra  ponds 

d ischarge may b e   r e l a t e d   t o  a corresponding  increase i n  res idue,   su lphate 

and hardness   concent ra t ions .   In   fac t ,   su lphate   load ings   inc reased  most  

s i g n i f i c a n t l y  a t  t h e  pumphouse be low  the  bra Ponds d ischarge and cou ld  be 

a t t r i b u t e d   e n t i r e l y  t o  t h e  Myra Ponds e f f l u e n t .  The small   increase i n  

c o n d u c t i v i t y   b e l o w   t h e  Lynx  pond was r e l a t e d   t o  a corresponding  increase 

i n  sul  phate,  copper and z i n c   l e v e l  s .  

Copper  and z inc   l oad ings   i nc reased   mos t   s ign i f i can t l y   be low  the  

Lynx Pond discharge. All t h e   t o t a l   c o p p e r   l o a d i n g   c o u l d  be a t t r i b u t e d   t o  

t h e  Lynx Pond e f f l u e n t   b u t  some dissolved  copper   loadings and a major  

p o r t i o n  o f  t h e   t o t a l  and d isso lved  z inc   load ing   appeared  to   be   in t roduced 

f u r t h e r  from s i t e   d r a i n a g e   o r  pond  seepage. A sma l l   i nc rease   i n   su lpha te  

load ings   be low  the  Lynx Pond d ischarge was a t t r i b u t e d   e n t i r e l y   t o   t h e  Lynx 

Pond e f f l   u e n t .  

Any s m a l l   i n c r e a s e   i n   c o n d u c t i v i t y   n o t e d  a t  M2 may a lso   be  

r e l a t e d  t o  a corresponding  increase in   su lpha tes ,   copper  and z i n c  

concent ra t ions .  Copper and z i n c   l o a d i n g s   i n c r e a s e d   n o t i c e a b l y   a t  M2 and 

most o f  the   inc rease was a t t r i b u t e d   t o   s i t e   d r a i n a g e .  The smal l   increase 

i n  su lphate   load ing  a t  M2 was  a1 so a t t r i b u t e d   t o   s i t e   d r a i n a g e .  
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There  appears t o  be  two  types o f  contaminant  sources  that 

e leva ted   conduc t i v i t y   l eve l s   i n  Myra Creek. The Lynx pond discharge and 

t h e   r u n o f f   o r  seepage from the  min ing /mi l l   ing   s i te   ma in ly   inc reased 

sulphate,  copper and zinc  concentrat ions i n  Myra Creek that  subsequently 

increased  conduct iv i ty   leve ls .  The Myra ponds discharge  increased 

residue,  sulphate and hardness  levels and thereby  increased  conduct iv i ty 

leve ls .  The higher  conduct iv i ty  recorded  along  the  south  shore of  s i t e  84 

across from the  Myra treatment ponds, appears t o  be m a i n l y   a t t r i b u t e d   t o  
high  residue,  sul  phate and hardness  concentrations.  Therefore , seepage 

from t h e  era ponds i s  suspected as the  source o f  contamination.  In 

comparison, s i t e   d ra inage  may be af fect ing  the  south bank o f  s i t e  9C 
because the   h igh   conduct iv i t y   read ing  was m a i n l y   a t t r i b u t e d   t o   h i g h  

residue,  sulphate and more importantly  the  highest  recorded  copper and 

z inc 1 eve1 s i n  Myra Creek. 
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APPENDIX I 

SEDIMENT SAMPLE RESULTS FOR MYRA  CREEK 

AT M 1  AND M2 
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HEAVY METAL  CONCENTRATION,  PARTICLE S I Z E  DISTRIBUTION AND VOLUME OF 
INTERGRAVEL F INE SEDIMENTS FOR M 1  

R E P L I C A T I O N  N U M B E R  
METAL* 1 2  3 

Hg** 
As 
Ba 
Be 
Cd 
co  
Cr 
cu 
Mn 
YO 
N i  
2 
Pb 
Sn 
Sr 
T i  
V 
Zn 
A1 
Fe 
S i  
Ca 
%3 
Na 

.64 
< 40 

100 
< .8 

< 2  
21 
91 
73 

92 1 
< 4  

50 
530 

< 20 
( 8  
46.7 

1270 
84 
93 

24900 
26200 

9460 
7 580 

700 

13300 

.35 
24 

133 
< .2 

.7 
14.4 
42 
70.7 

708 
< .8 
19 

51 5 
19 

3 
40.6 

1160 
77 

125 
29000 
25600 

46 50 
9930 
83 50 

350 

.34 
29 

152 
.4 
.7 

15.6 
81.3 
78.7 

1040 
< .8 
38 

603 
19 

2 
43.7 

1440 
97 

148 
34200 
32400 

3580 
9690 
94 90 

370 

* ICAP,  < 0.15 mn f r a c t i o n ,   a s  ug/g (ppm) 
**Hg ( f l   m e l e s s   a t o m i c   a b s o r p t i o n )  

P o r t i o n   o f   t o t a l  
Sample ( X )  
b .15 m 
< .15 mm 

P o r t i o n   o f   t o t a l  
Sample (wei   ght  : g) 
> .15 mm 

78.7 61.4 57.7 
21.3 38.6 42.3 

3 1.7 1.9 
< .15 mn .1 1.1 1.4 

Sample  Volume :ml 
t o t a l   l i q .  & 
s e t t l   e a b l  e 1230  1150  1265 
t o t a l   s e t t l   e a b l  e 3 12 7.5 

Note :   rep1  i ca t ion  1 had  a very   smal l  amount o f  sample f o r  some reason. 

m 

m 

m 

ID 

L 

It 

L 

I 

Y 

II 
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r 

IC 
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II 
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HEAVY METAL  CONCENTRATION,  PARTICLE S IZE  D ISTRIBUTION AND VOLUME OF 
INTERGRAVEL F INE SEDIMENTS FOR M2 

R E P L I C A T I O N   N U M B E R  
METAL* 1 2  3 

Hg** .77 .73 .90 
As 19 25 24 
Ba 1840 2290 1320 
Re .5 .5 .5 
Cd 8.5 9.3 9.6 
co 23.9 24 25 
Cr 52.9 45.7 69.2 
cu  900 96 5 1350 
Mn 1440 1460 1400 
YO < .8 < .8 < .8 
N i  30 28 43 
P 594 602 443 
Pb 155 174 146 
Sn < 2  < 2  < 2  
Sr 65.8 67.4 56.8 
T i  1990 1790 1970 
V 122 116 121 
Zn 3260 3510 481 0 
A 1  3 7300 37300 37200 
Fe 45200 45100 42300 
S i  3820 4040 3260 
Ca 11 300 11 000 11100 

Na 400  390 3 90 
Mg 16000  15900  17000 

*ICAP, < 0.15 mm f r a c t i o n ,   a s  ug/g (ppm) 
**Hg ( f l  amel ess a t o m i c   a b s o r p t i o n )  

P o r t i o n   o f   t o t a l  
Sample (%)  

> . I5  mm 
< .15 mn 

63.3 
36.7 

74.2 
25.8 

84.2 
15.8 

P o r t i o n   o f   t o t a l  
Sampl e (wei   ght  : g )  

Sample  Volume :ml 
t o t a l  1 i q .  & 

2.6 
1.5 

5.8 
2.0 

1.7 
0.3 

s e t t l e a b l e  1275 
t o t a l   s e t t l   e a b l  e 11 

1280 
16 

1250 
20 
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APPEND1 X I I 

MEAN LAB CONDUCTIVITY RESULTS 
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APPEND1 X I I I 

METAL  CONCENTRATIONS I N  MYRA CREEK, 

May 17-19, 1983 
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HEAVY METALS THAT WERE BELOW THE DETECTION LIMIT  (mg/l ) 

METAL DETECTION LIMIT 

Arsenic 0.05 
Bery l  1 i un 0.001 
Cobal t  0.005 
Chromium1 0.005 
Mo 1 ybd  enm2 0.005 
N icke l3  0.02 
Phosphorus4 0.05 
Antimony 0.05 
Sel  eni um 0.05 
T i  n5 0.01 
Vanad i um 0.01 

10n t h e   a f t e r n o o n   o f  May 18, a t   s i t e  #5, one t r i p l   i c a t e  sample had a 

chromium c o n c e n t r a t i o n   o f  0.009 mg/l. 

*On the   a f te rnoon o f  May 17, a t   s i t e  #5, one t r i p l   i c a t e  sample had a 

molybdenum concen t ra t i on   o f  0.005 mg/l. On the   a f te rnoon  o f  May 19, a t   s i t e  

R7, one t r i p l i c a t e  sample had a molybdenun  concentrat ion  of  0.006 mg/l.  

30n t h e   a f t e r n o o n   o f  May 17 a t   s i t e  #5, and on t h e   a f t e r n o o n   o f  May 19 a t  

s i t e  #1, one t r i p l   i c a t e  sample had a n i c k e l   c o n c e n t r a t i o n  of 0.03 rng/l. On t h e  

a f te roon  o f  May 19 a t   s i t e s   # 3  and #7 one t r i p l   i c a t e  sample had a n i c k e l  

c o n c e n t r a t i o n   o f  0.02 mg/l.  

40n the   morn ing   o f  May 17, a t  s i t e  I t 7 ,  one t r i p l i c a t e  sample had a 
phosphorous  concentrat ion  of  0.10 mg/l. On the  a f ternoon  o f  May 17, a t   s i t e  

#1, one t r i p l   i c a t e  sample had a phosphorus  concentrat ion  o f  0.06 mg/l. 

5On the  a f ternoon o f  May 17 a t  s i t e  X2 and on the   a f te rnoon o f  

s i t e  #1 two t r i p l   i c a t e  samples had t i n   c o n c e n t r a t i o n s   o f  0.01 

af ternoon o f  May 18 a t  s i t e  #2, one t r i p l   i c a t e  sample had a t 

o f  0.01 mg/l.  

May 18 a t  

mg/l . On t h e  

i n concen t ra t i on  
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