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ABSTRACT 

I 

II 

An assessment o f   w a t e r   q u a l i t y  and b i o l o g i c a l   c o n d i t i o n s  was 

c a r r i e d   o u t   a t  a p lace r   go ld   m ine  on  Barlow  Creek  from  June  to 

September 1982. The wa te r   qua l i t y ,   sed imen t  and  bottom  fauna 

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

Water qua l i t y   parameters  were i n f l u e n c e d   b y   t h e   p l a c e r   m i n i n g  
a c t i v i t y .   D u r i n g   p e r i o d s   o f   s l u i c i n g   a c t i v i t y  downstream  stat ions 

showed e l e v a t e d   l e v e l s   f o r  suspended  sediments (NFR), s e t t l e a b l e  

s o l i d s ,   f i l t e r a b l e   r e s i d u e  (FR), t u r b i d i t y ,   e x t r a c t a b l e  heavy  metals, 

phosphorous  and n i t r i t e s .   D i s s o l v e d  oxygen was s l i g h t l y   l o w e r   a t  

downstream  stat ions  compared  to an ubs t ream  con t ro l   s ta t i on .  

The sediment   composi t ion  o f   the  s t ream  bot tom was seen t o   v a r y  

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

t h e  season. A t  downstream  stat ions  the  sediment  composi t ion was 

s i g n i f i c a n t l y   h i g h e r   i n   p e r c e n t a g e   o f   f i n e s   ( f i n e  sands  and s i l t )  on 
s l u i c i n g  days. These f i n e s   t e n d e d   t o  be re-suspended  and moved 

downst ream  dur ing   per iods   o f   non-s l   u ic i  ng o r   h i g h e r   f l o w s  so t h a t   t h e  

s t ream  bo t tom  compos i t ion   appears   to   recover   to  a c o m p o s i t i o n   t y p i c a l  

of  the   na tura l   s t ream  over   t ime.   In   genera l ,   there  was an i n c r e a s e   i n  

l e v e l s   o f   s e d i m e n t   m e t a l s   a t   d o w n s t r e a m   s t a t i o n s   d u r i n g   t h e  season 
which reflected  the general increase of f ine sediments,  especially 

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

Bottom  fauna  types, numbers  and d i v e r s i t y  were  determined f o r  

e a c h   s t a t i o n   d u r i n g   t h e  season. D i v e r s i t y   i n d i c e s  were v a r i a b l e   d u r i n g  

t h e  season  and  comparison o f   t h e   c o n t r o l   s t a t i o n   w i t h  downstream 

s t a t i o n s  shows a genera l   overa l l   decrease i n  numbers  and d i v e r s i t y  

index   va lues  a t  downstream s t a t i o n s .  The dominant  groups i n  te rms   o f  

abundance  were the  Ephemeroptera,   Diptera  and  Plecoptera whose  numbers 

v a r i e d   i n   r e s p o n s e  t o  seasonal  change and h a b i t a t   a l t e r a t i o n s .  

w 



RESUME 

De j u i n  2 septembre  1982,  on a p r o c 6 d 6  2 une   ana lyse   de  1 a 
q u a l i t 5  de l ' e a u   e t  des c o n d i t i o n s   b i o l o g i q u e s  de l a   r i v i s r e   B a r l o w ,  5 
1 'emplacement   d 'un   g isement   aur i fg re   a l luv ia l .  On a a n a l y s 6   l a   q u a l i t 6  de 
1 'eau, l e s   c a r a c t 6 r i s t i q u e s  des  s6diments e t  de l a  faune  profonde 2 q u a t r e  
p o i n t s   d i f f 6 r e n t s   d ' e c h a n g i l l o n n a g e .  

L ' a c t i v i t 6   m i n i s r e  a eu  un e f f e t  s u r  l e s   p a r a m P t r e s   d e   l a  
q u a l i t 6  de 1 'eau.  Durant  les  p6r iodes de l a v a g e   d u   m i n e r a i   o n  a r e l e v 6  
une  grande t u r b i d i t 6  dans l e s   s t a t i o n s   s i t u 6 e s  en a v a l ,   u n e   p r o p o r t i o n  
GlevEe de s6diments en suspension  ( r6s idus non f i l t r a b l e s ) ,  de s o l i d e s   e n  
v o i e   d e   s g d i m e n t a t i o n ,   d e   r 6 s i d u s   f i l t r a b l e s ,   d e   m 6 t a u x   l o u r d s  
e x t r a c t i b l e s ,  de  phosphore e t  de n i t r i t e s .  Dans l e s   s t a t i o n s   s i t u 6 e s  en 
aval  on a r e l e v 6  une propor t ion   d 'oxyg i ine   d issous  16gPrement i n f 6 r i e u r e  2 
c e l   l e   r e l e v e e  dans  une s t a t i o n   s i t u 6 e  en amont. 

On a cons ta t5  que d u r a n t   l a   s a i s o n   l a   c o m p o s i t i o n  des s 6 d i m e n t s  
p r5 lev6s  au fond du c o u r s   d ' e a u   v a r i a i t   c o n s i d e r a b l e m e n t   d ' u n e   s t a t i o n  5 
1 ' au t re ,  y compris l a   s t a t i o n  de c o n t r 6 l e ,  Dans l e s   s t a t i o n s   s i t u 6 e s  en 
a v a l ,   l a   c o m p o s i t i o n  des  sediments  comprenait un pourcentage  sens ib lement  
p l u s   6 l e v 6  de f i n s   ( s a b l e   f i n   e t   v a s e )   l e s   j o u r s  de l a v a g e  du m i n e r a i .  
Durant   les   p6r iodes  sans  lavage ou l es   p6 r iodes  de h a u t e s   e a u x ,   c e s   f i n s  
6 ta ien t   rem is  en suspens ion   e t   t ranspor t6s   ve rs  1 lava1 , c e   q u i   r e d o n n a i t  
progressivement au fond  du  cours  d 'eau sa compos i t i on   na tu re l l e .  En r g g l e s  
g e n g r a l e ,   p e n d a n t   l a   s a i s o n ,  on a c o n s t a t 6   u n   a c c r o i s s e r n e n t   d e   l a  
p r o p o r t i o n  des  m6taux  dans les   s6d iments  aux s t a t i o n s   s i t u 6 e s   e n   a v a l  , ce 
qu i   co r responda i t  2 une p lus   g rande   accumu la t i on   des   s6d imen ts   f i ns ,   en  
p a r t i c u l   i e r   d u r a n t   l e s   p 6 r i  odes de 1 avage  du m ine ra i  . 

Durant l a   s a i s o n ,  on a 6 v a l u 6   p o u r   c h a q u e   s t a t i o n   l e s   t y p e s ,  
nombre e t   d i v e r s i t 6   d e   l a   f a u n e   p r o f o n d e .   P e n d a n t   c e  mEme temps  on a 
r e l e v 6  des v a r i a t i o n s   d a n s   l ' i n d i c e  de d i v e r s i t 6 ;   e n   c o m p a r a n t   l e s  
r 6 s u l t a t s  de l a   s t a t i o n  de c o n t r 6 l e   e t  des s t a t i o n s   s i t u 6 e s  en a v a l ,   o n  a 
c o n s t a t 6   u n e   d i m i n u t i o n   g 6 n 6 r a l  e en  nombre e t  en d i v e r s i   t 6  dans 1 e s  
s t a t i o n s   s i t u 6 e s  en aval .  En importance  num6rique  les  groupes  dominants 
6 t a i e n t   l e s   6 p h 6 m 6 r o p t P r e s ,   l e s   d i p t s r e s   e t   l e s   p l 6 c o p t s r e s   d o n t   l e  nombre 
v a r i a i t   s e l o n   l e s   c h a n g e m e n t s   s a i s o n n i e r s   e t   l e s   m o d i f i c a t i o n s   d e  
1 I h a b i t a t .  
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1 INTRODUCTION 

a 

I 

I 

A s tudy   o f   wa te r   qua l i t y ,   sed imen t   compos i t i on  and bot tom 

fauna, was conducted on s i x   d i f f e ren t   da tes   be tween  June  and  September, 

1982.  This  study was ca r r i ed   ou t ,   by   t he   Env i ronmen ta l   P ro tec t i on  

Serv i ce  - Yukon Branch, i n   t he   wa te rshed   o f   Ba r low  Creek i n  the   S tewar t  

R ive r   a rea   ( see   F igu re  1). The purpose  o f   the  s tudy was t o   g a t h e r   i n f o r -  

mat ion  on t h e   q u a l i t y   o f   t h e   s t r e a m  and to   enab le   the   Env i ronmenta l  

P r o t e c t i o n   S e r v i c e   t o   e v a l u a t e  any impact   to   the   rece iv ing   waters   f rom 

p l a c e r   m i n i n g   o p e r a t i o n s .  

1.1 Background 

The S tewar t   R i ve r  was one o f   t h e   f i r s t   a r e a s   i n   t h e  Yukon t o  

a t t r a c t   g o l d   m i n e r s .   G o l d  was d i s c o v e r e d   i n   p a y i n g   q u a n t i t i e s   f r o m   i t s  
b a r s   f o r  many y e a r s   b e g i n n i n g   i n  1883 w i t h   p r o d u c t i o n   r e a c h i n g s  i t  peak 

between  1885  and  1887  (Bostock,  1957). I n  1895 coarse go1 d was f i r s t  

d i   scovered on t r i b u t a r y   s t r e a m s   o f   t h e   S t e w a r t   R i v e r ,  and i n  1897 t h e  

f i  r s t  p1 acer   c la ims were  staked on C1 ear  Creek , the  creek  to  which  Bar1 ow 

Creek i s  a t r i b u t a r y   ( Q u e e n s t a k e  , 1982). From t h a t   t i m e  up t o   t h e  

1940 's  , hand min ing  was t h e   o n l y   f o r m   o f   m i n i n g   t h a t   t o o k   p l a c e  on C lea r  

Creek  and a  number o f   i t s   t r i b u t a r i e s   i n c l   u d i n g  Squaw Creek , Barlow  Creek 

and  Z inc   Creek .   Accord ing   to   records   o f   the   Min ing   Recorder   fo r   Bar low 
Creek, 104 c la ims  were  staked  by  Syndicate  Lyonnais du Klondike  f rom  1901 

t o  1903. I n  1912 many f i v e   y e a r   p l a c e r   m i n i n g   g r a n t s  were i s s u e d   t o  

i n d i v i d u a l s   w o r k i n g   s i n g l e   c l a i m s .  
W i t h   t h e   i n c r e a s e   i n   g o l d   p r i c e s   i n  1973, C lear  Creek and the  

m a j o r i t y   o f   i t s   t r i b u t a r i e s ,   i n c l u d i n g   B a r l o w  Creek , were  staked  by 
v a r i o u s   i n d i v i d u a l s  and  companies. I n  1981,  two new opera t i ons  were 

i n i t i a t e d  on Barlow  Creek and Zinc  Creek. Dawson Elining  Equipment,  one 

o f   t h e   l a r g e r  companies on Zinc  Creek,  undertook an i n t e n s i v e   m i n i n g  

program i n  1981  but  was n o t   a c t i v e   i n  1982  (Maxwell , J .  Pers.  Corn.). 

I n  1982 t h e r e  was  some s m a l l   s c a l e   t e s t i n g   a c t i v i t y   a p p r o x i m a t e l y  6 km 

upstream  of   the  study  area on Zinc  Creek. The o p e r a t i o n  on Barlow Creek 

where  the  study  area i s   l o c a t e d  was begun i n  1981  and has t h e   p o t e n t i a l  
f o r  a l e n g t h y   o p e r a t i o n   i n   t h a t  66 c la ims  were h e l d  by the   opera tors .  
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mechanica 

g r a d u a l l y  

2 STUDY AREA 

The s tudy   a rea   l i es   app rox ima te l y  400 km nor thwest   o f  
Whitehorse and  100 km sou theas t   o f  Uawson City ( see F i g u r e  1). The 

p r o p e r t y  has  easy  access v i a  a 4 km secondary  road  which  leaves  the 
K l o n d i k e  Highway a t  km 610.  Barlow  Creek i s  one o f  many smal l   creeks 

i n   t h e   a r e a   t h a t   f l o w s   i n t o   C l e a r  Creek  which i n   t u r n  i s  one  of  the 

ma in   t r i bu ta r ies   o f   t he   S tewar t   R i ve r .   Th i s   ne twork   o f   c reek  and r i v e r  

v a l l e y s   i s   s u r r o u n d e d  and separated by uplands  which  character ize  the 

Stewar t   P la teau,  a s u b d i v i s i o n   o f   t h e  Yukon P la teau.   Th is   p la teau 

r i s e s   s t e e p l y   a l o n g   t h e   n o r t h - e a s t   s i d e   o f   t h e   T i n t i n a  Val l e y   s o u t h   o f  

the  McQuesten  River  (Bostock , 1948). 

The c u r r e n t   s t u d y   s i t e   i s   l o c a t e d  on the  lower   reach of 

Bar low  Creek  wi th   e levat ions  ranging  f rom 555 m t o  580 m. Sample 

s t a t i o n s  were s e l e c t e d   t o   i n c l u d e  an ups t ream  cont ro l   s ta t ion   wh ich  

would  be  unaffected by m i n i n g   a c t i v i t y ;  a s t a t i o n   t o  measure  mine e f f -  

two  downstream s t a t i o n s   ( s e e   F i g u r e   2 ) .  The sample s i t e s   a r e  

i n   T a b l e  1 and i l l u s t r a t e d   i n   p h o t o g r a p h s ,   F i g u r e s  3 t o  9. 

D e s c r i p t i o n  

! l i n ing  a t  Barlow Creek d u r i n g   t h e   s t u d y   p e r i o d   i n v o l v e d  

1 l y  s t r i p p i n g   t h e   o v e r b u r d e n ,   s t o c k   p i 1   i n g   t h e  pay d i r t  and 

feed ing  i t  through  the  m i  ne ' s   p rocess ing   p lan t .  The  volume 
o f  d i r t   s t r i p p e d   f o r  1982 was 40,000 m 3  w i t h   a p p r o x i m a t e l y  300 hours 

o f   s l u i c i n g  between  the  months o f   J u l y  and  September (DIAND, 1982). 
The p r o c e s s i n g   p l a n t  on the   s i t e   con ta ined   two   t rommel l  drums f o r  

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

away overs ized  waste  rock,  and a s e r i e s   o f   s l u i c e  boxes t o  ga ther  go1 d. 

The concentrate  f rom  the  process  p lant  i s   f u r t h e r   c o n c e n t r a t e d  and 

c leaned i n   s e r i e s   o f   s m a l l e r   r i f f l e s  and spec ia l i zed   concen t ra to r  

d e v i c e s   i n  a go1 d  room. Other  p ieces  of   equipment on t h e   s i t e   c o n s i s t  

o f  a D8 c a t  and backhoe f o r   d i g g i n g  and feeding  the  process  p lant .  The 

wa te r   sou rce   f o r   t he   m in ing   ope ra t i on  was  pumped d i r e c t l y   f r o m   t h e  

Bar low  Creek  d ivers ion  through a 15 cnl p i p e  a t  an approx ima te   ra te   o f  

2300 L/min (500 I G P M )  . Bar1 ow Creek was d i v e r t e d   t o   t h e   n o r t h e a s t   s i  de 
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FIGURE 3 THE  PROCESS  PLANT  AT BARLOW  CREEK  CONSISTS OF TWO TROMMELS, 

A STACKER  AND A S E R I E S  OF S L U I C E S .   N O T E   T H E   P I L E  OF WASTE 

ROCK BELOW  THE  STACKER. 
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F I G U R E  4 BARLOW  CREEK  CONTROL S T A T I O N  1 LOCATED  UPSTREAM OF THE 

M I N I N G   O P E R A T I O N .  



F I G U R E  5 STATION 2 IS LOCATED I N  THE  EFFLUENT  CHANNEL 5 METRES  ABOVE 

I T S  CONFLUENCE  WITH  A  DIVERTED  SEGMENT OF BARLOW CREEK. 
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F I G U R E  6 S T A T I O N  3 I S  LOCATED 10 METRES DOWNSTREAM OF THE: Cl.F4R CREEK 

ROAD BR I DGE . 
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F I G U R E  7 STA.TIC)N 4 I S  LOCA”ED 150 M E T R E S   D O W N S T R E A M   O F   S T A T I O N  3.  
H I G H E R  FLOWS A R E   E V I D E N T   D U R I N G   A C T I V E   S L U I C I N G .   C I R C U L A R  

B E N T H I C   S 4 M P L E R   I N   T H E   F O R E G R 3 U N D .  



F I G U R E  8 BARLOW  CREEK  PLACER MININCI O P E R A T I O N .   T I E   S E T T L I N G  POND IS 
LOCATED I N  THE FOREGROUND. 
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F I G U R E  9 PAI?L i lW  CFEEK  MIN1N; I   OPERATION,  WITH S E T T L I N G  POllD IN C E N T R E  

ANII I:’IVEFSXOM  CHAN’UEL IN T H E   L O W E R   R I G H T  HAND CORNER,  
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o f  t h e  Val  1 ey , r e - e n t e r i  ng  the  or ig ina l   channel   be l  ow t h e   s e t t l  i ng 
pond.  Water  f rom  the  s lu ic ing  operat ion was d i s c h a r g e d   i n t o   s e t t l i n g  

ponds  and tail i n g s  were  pushed up to   h ighe r   g round   w i th   f u tu re   p lans  

f o r   r e s t o r a t i o n  and revegeta t ion .  

The c u r r e n t  camp and m in ing   ope ra t i on   a t   Ba r low  Creek opera- 

ted   under  a Water Use Au tho r i za t i on   i ssued   under   t he   Nor the rn   I n land  

Waters  Act.  Water  requirement  for  the camp  was est imated a t  2300 L/day 

(500 I G P D )  and 5500 L/min  (1200 IGPM) f o r   t h e   m i n i n g   o p e r a t i o n .  

Dur ing   the  1982  season , m i n i n g  and t e s t i n g   a c t i v i t i e s  were 

c a r r i e d   o u t   a t  two smal l   mining  operat ions i n   t h e   B a r l o w  Creek drainage 

ups t ream  o f   the   s tudy   a rea .  One o p e r a t i o n   w i t h  an est imated  water  

requi rement   less  than 2300 L/min.  took  place on the  upper end o f  Bar1 ow 

Creek on t h e  Red R o o s t e r   t r i b u t a r y .   T h i s   c o n s i s t e d   o f  a r e l a t i v e l y  

smal l   tes t ing   p rogram  invo lv ing  some s t r i p p i n g  and t rench ing .  Any 

waste   water   resu l t ing   f rom  the   tes t ing   p rogram was d i scha rged   i n to  a 
1 arge   ho le   ra ther   than  in to   the   c reek  , thus  prevent ing any d is turbance.  

The  second opera t ion   occur red  6 km upstream on Zinc  Creek and b a s i c a l l y  
i n v o l v e d  some hand m i n i n g   w i t h  an es t imated   water   requ i rement   o f  700 

L/min. f o r  an a p p r o x i m a t e   t o t a l   o f  15 hours   o f   s l u i c ing .  Any s i g n i f i -  

c a n t   i n f l u e n c e   a r i s i n g  downstream  however, may be l i n k e d  to min ing 

a c t i v i t y  and  disturbance on Zinc  Creek  f rom  the  previous  year ( J .  
Maxwell , Pers. Comln. ) . 

2.2 M i n e r a l i z a t i o n   D e s c r i D t i o n  

Yukon Group  rocks o f   t h e   P r o t e r o z o i c  age under lay  the  Bar low 

and C lear  Creek  watershed.  This  Group i s   p r i m a r i l y  composed o f  

q u a r t z i t e   g r i t s ,   s h a l e s  and bands o f   l i m e s t o n e .  A m a j o r   s t r u c t u r a l  

f e a t u r e   f o u n d   i n   t h i s   a r e a   i s   t h e   T i n t i n a   t r e n c h   w h i c h   i s   c r o s s e d   b y  

Clear  Creek  between  Barlow  Creek  and  the  Stewart  River  (Queenstake, 

1982). The t e r r a i n  can  be  described as h i g h l y   w e a t h e r e d   w i t h   c o l l u v i a l  

s l  opes  and  V-shaped, n a r r o w ,   r e s t r i c t e d  Val 1 eys.  Col 1 u v i a l   p l a c e r  

deposi ts  are  developed on t e r r a i n  where act ive  down-slope movement o f  

s u p e r f i c i a l   m a t e r i a l s   i s   o c c u r r i n g ,   g e n e r a l l y   o v e r  a weathered  bedrock 

sur face ,  and commonly assoc ia ted   w i th   loca l   p r imary   lode   sources .  
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Factors   such  as   s lope  ang le   o r   g rad ien t  , th ickness  and type  o f   s lope 
m a t e r i a l  , s i z e  and s p e c i f i c   g r a v i t y   o f  heavy  mineral s ,  c o e f f i c i e n t  of 

f r i c t i o n  and  seasonal f r o s t   a l l   a f f e c t   e x t e n t  and g r a d e   o f   c o l l u v i a l  

p lacer   depos i ts   (Boy le ,  1979).  It i s  a1 so impor tan t  t o  n o t e   t h a t  go1 d 

a s s o c i a t e d   w i t h   c o l l u v i a l   d e p o s i t s   t e n d s   t o  be coarser  near  the  pr imary 

source. 



Q 
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3 METHODS 
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Access t o  the  area was by t r u c k  and  each s t a t i o n  was sampled 
s i x   t i m e s .  The sampling  dates were June 26, J u l y  8, J u l y  19, August 9, 
September 1 and  September  22,  1982. 

3.1 Water  Qual i t y  

Water  samples  were c o l  1 ec ted  and preserved as descr ibed i n  

Appendix I ,  Table 1 a t  each o f   S t a t i o n s  1, 3 and 4. A t  S t a t i o n  2, the 

t a i l i n g s  pond e f f l u e n t  stream,  samples  were c o l l e c t e d   f o r  

n o n - f i l   t e r a b l e   r e s i d u e  (NFR) only .  
Temperature,   conduct iv i ty  and pH were  measured i n  t h e   f i e 1  d 

u s i n g  a Ye l l ow   Sp r ings   I ns t rumen t   d i rec t - read ing   sa l i n i t y - conduc t i v i t y -  

temperature  meter and blodel 296 Radiometer pH meter.  Stream  discharge 

( f l o w )  was measured  by us ing  a P r i ce - t ype   cu r ren t   me te r .   U i sso l ved  

oxygen was ana lyzed  us ing   the   Wink le r ' s   Az ide   mod i f i ca t ion  method. 

S e t t l e a b l e   s o l i d s  were c o l l   e c t e d  as grab  samples and analyzed i n   t h e  

E.P.S. Whitehorse  Lab  wi th in  2-4  days.  Non-f i l terable  residues  were 

c o l l e c t e d   i n   d u p l i c a t e .  One sample was a n a l y z e d   w i t h i n  3 days i n   t h e  

Whitehorse  Lab and the  second sample was s e n t   t o   t h e  E.P.S. Vancouver 

Lab. A1 1 other  analyses  were  performed  by  Laboratory  Services,  

Env i ronmenta l   Pro tec t ion   Serv ice ,  4195  Marine  Dr ive,  West Vancouver, 
8 .C. These i n c l   u d e d   t u r b i d i t y  , c o l   o u r  , t o t a l  hardness, f i  1 t e r a b l  e 

r e s i  due ( FR) , , t o t a l  a1 k a l  i n i  ty , t o t a l   p h o s p h a t e s ,   n i t r a t e s  , n i  tri t e s  , 
ammonia, s u l f a t e ,   c h l o r i d e  and t h e   f o l l o w i n g   e x t r a c t a b l e   m e t a l s :  

A1 umi num (A1 1 
Antimony  (Sb) 

Arsenic  ( As) 

B a r i  um (Ba ) 

Bery l  1 i um (Be) 
Cadmi um (Cd 

Calcium  (Ca) 

Chromi um (Cr )  

Cobal t (Co) 

Copper ( Cu 1 
I r o n   ( F e )  

Lead  (Pb) 

Magnesi um (Mg) 

Manganese  (Mn) 

Mercury (Hg) 

Molybdenum (Mol 

t4i ckel  (Ni ) 

Potassium ( K )  

Selenium  (Se) 

S i 1   i c o n   ( S i  ) 

S i l v e r  (Ag)  

Sodi urn (Na) 

S t ron t i um  (S r )  

T in   (Sn)  

T i tan ium  (T i  ) 

Vanadi urn ( V )  
Zinc  (Zn) 
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The percent   d isso lved  oxygen ( %  DO) s a t u r a t  i o n  was c a l c u l a t e d  
by f i r s t   d e t e r m i n  

f rom  the   f omu l  a: 

i n g   t h e   d i s s o l v e d  oxygen sa tu ra t i on   concen t ra t i on  ( S i  

S' = S - (APHA e t  a1 1975) P 
760 

where S I  = d issolved  oxygen (DO)  s a t u r a t i o n   c o n c e n t r a t i o n  a t  

the i n   s i t u   t e m p e r a t u r e  and atmospher ic  pressure 

S = dissolved  oxygen ( D O )  s a t u r a t i o n   c o n c e n t r a t i o n   a t  
sea l e v e l   f o r   i n   s i t u   t e m p e r a t u r e  

P = atmospher ic  pressure i n  mn of   mercury (mm Hg) a t  

s i t e   e l e v a t i o n  

The percent   d isso lved  oxygen  sa tura t ion  was ob ta ined by u s i n g   t h e   r a t i o  
o f  f i e l d   d i s s o l v e d  oxygen  and S '  i n   t h e   f o l l o w i n g   f o r m u l a :  

Do x 100 = % DO S a t u r a t i o n  
S '  

where F i e l d  DO = D isso lved Oxygen c o n c e n t r a t i o n  measured i n  

t h e   f i e l d  

3.2 Sediments 

Sediment  samples  were c o l l e c t e d   a t   t h e  same t ime as water 

samples a t  S t a t i o n s  1, 3 and 4. Sediment  samples  were c o l l e c t e d  on a l l  

dates  except  June 26 and a t  S t a t i o n  4 on J u l y  8 and  19.  Sediments  were 

n o t   c o l l e c t e d   a t   S t a t i o n  2 as t h i s  was s t r i c t l y  a s e t t l   i n g  pond 

e f f l u e n t   s t a t i o n   i n  a const ructed  channel .   Three  rep l icate  sediment  

samples  were c o l l e c t e d  a t  each s i t e   u s i n g  an a1 uminum shovel t o  scoop 

t h e  samples i n t o   l a b e l l e d   W h i r l p a c k  bags. A descr ip t ion   o f   sed iment  

c o l l e c t i o n ,   p r e p a r a t i o n  and analysis  methods i s  g iven i n  Appendix I ,  
Table 2. A1 1 sediment  samples  were  shipped t o  Vancouver by air f o r  

ana lys i s   a t   Labora to ry   Se rv i ces ,   Env i ronmen ta l   P ro tec t i on   Se rv i ce ,  West 
mr 
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I Vancouver, B r i t i s h  Columbia. Each of  the  three  sediment  samples 
c o l l e c t e d   a t  each s t a t i o n  were  analyzed f o r   p a r t i c l e   s i z e  and the  

fo l   l ow ing   l eachab le   me ta l  s: 

A1 umi num (A1 

Arsenic  (As) 
B a r i  um (Ba) 

Bery l  1 i urn (Be) 
Cadmi um (Cd 

Calcium  (Ca) 

Chromium (Cr) 

Cobal t (Co) 

Copper (Cu ) 

I r o n   ( F e )  
Lead  (Pb) 
Magnesi um (Fig) 

Manganese (Mn 1 
Mercury ( Hg ) 

Molybdenum (Mol 
N i c k e l  ( N i  ) 

Phosphorus  (P) 

Potassium ( K )  

S i l i c o n   ( S i )  
S i l v e r   ( A g )  

Sodi um (Na) 

S t ron t i um  (S r )  

T in   (Sn )  

T i   t a n i u m   ( T i  1 
Vanadium ( V )  

Zinc  (zn)  

3.3 Bottom Fauna 

Bottom  fauna was sampled a t   t h ree   Ba r low  Creek  sampling 

s t a t i o n s .   S t a t i o n  2 was l o c a t e d   i n   t h e   c o n s t r u c t e d   e f f l u e n t   c h a n n e l  

f r o m   t h e   s e t t l i n g  pond  and was n o t   s u i t a b l e  as a s t a t i o n   f o r   b o t t o m  
f a u n a   c o l l e c t i o n .  Samples were c o l l e c t e d   a t   t h e  same t ime as water and 
sediment  samples on the  s ix  sampl ing  dates.   Three  rep1  icate  samples 

w e r e   c o l l e c t e d   a t  each s i t e   u s i n g  a 30 cm x 30 cm surber  sampler (900 

cm2 o r  1 ft2) w i t h  a mesh s i z e   o f  0.76 mm. Bottom  fauna  samples a t  
S t a t i o n  4 on J u l y  8 and J u l y  19, 1982, however,  were n o t   c o l l e c t e d  

because  high  water  condi t ions made i t  i m p o s s i b l e   t o   o b t a i n  a represen- 
t a t i v e   b o t t o m  sample.   Bottom  fauna  col , lect ion,   preservat ion and 

i d e n t i f i c a t i o n  methods  are  given i n  Appendix 1, Table 3. 
D i v e r s i t y   i n d i c e s  were calculated  f rom  the  bottom  fauna  data 

co l lec ted ,   us ing   the   fo rmula   descr ibed by P ie lou   (1975)  as f o l l o w s :  

Y 
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9 
Spec ies   D ive rs i t y  ( t i ' )  = -C ( P i  loglo p i )  

i = l  
where Pi = n i / N  

n i  = t o t a l  number o f   i n d i v i d u a l s   i n   t h e  

i t h  genus i n  one sample 

N = t o t a l  number o f   i n d i v i d u a l s   i d e n t i f i e d  

t o  genus 1 evel  i n  one sample 

g = t o t a l  number o f  genera i n  one sample 

The use o f   i n d i v i d u a l s   i d e n t i f i e d  t o  genus l e v e l   i n s t e a d  o f  to species 

l e v e l   r e s u l t s   i n   s l i g h t l y   l o w e r   d i v e r s i t y   i n d i c e s  (H' ) values  (Hughes, 
1978). The omiss ion  o f   bot tom  fauna  that   cannot  be i d e n t i f i e d  t o  genus 

o r   spec ies  w i  11 a f f e c t   t h e  Va l  i d i  t y  o f   d i v e r s i t y  on a comparat ive 

1 eve l  , a s   t h e   e n t i   r e   p o p u l a t i o n   f a i  1 ed t o  be represented. 

3.4 F i s h  

E l e c t r o f i s h i n g  o f  t h e   c r e e k   a t   S t a t i o n s  1, 3 and 4 was 

conducted on J u l y  8, 1982. Th is  was done to   de termine  i f  f i s h  were 

present  and, i f  so, t o   o b t a i n   t i s s u e  samples f o r  meta l   analys is  . No 

f i s h  were present.  Notes were made on whether  sample  streams  appeared 

s u i t a b l e   f o r   f i s h   h a b i t a t .  

w 
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I 4 RESULTS AND DISCUSSION 

The r e s u l t s   f o r   t h e   d i f f e r e n t   p a r a m e t e r s  measured are  

g e n e r a l l y  seen t o  be g r e a t l y   i n f l u e n c e d   b y   m i n i n g ,   p a r t i c u l a r l y  

s l u i c i n g   a c t i v i t y  a t  t h e   m i n e   s i t e .   S l u i c i n g  was occur r ing   dur ing   the  

sampl ing  per iods on Ju l y   19  and August 9, b u t  had ceased f o r  a few 

hours on September 22. There was no s l u i c i n g   a c t i v i t y  on any o f   t h e  

rernai n i  ng sampl e dates. 

4.1 Water  Qual i ty 

Table 4 i n  Appendix I 1 i sts   the   accepted   water   qua l  i ty 

c r i t e r i a   f o r   d r i n k i n g   w a t e r  and a q u a t i c   l i f e   w i t h   t h e   a p p r o p r i a t e  
reference  sources. The w a t e r   q u a l i t y   r e s u l t s   a r e   p r e s e n t e d   i n   t h e i r  

e n t i r e t y   i n  Appendix I 1  whereas   the   fo l low ing   resu l ts  and d iscuss ion  

w i  t h  accompanying  graphs  concentrate on those  parameters  considered 
p a r t i c u l a r l y   i m p o r t a n t   t o   w a t e r   q u a l i t y  and a f fec ted   by   t he   p lace r  
m i n i n g   a c t i v i t y .  

4.1.1 Heavv Metal s .  
As ill u s t r a t e d   i n   F i g u r e s   1 0  and 11 , the  fo l l   ow ing   heavy  

m e t a l s ,   w i t h   t h e   e x c e p t i o n   o f   m e r c u r y ,   a r e   s i g n i f i c a n t l y   a f f e c t e d  

downstream on Bar low Creek  by p l a c e r   m i n i n g   a c t i v i t y :  

Arsenic ( A s )  

Copper  (Cu) 

I r o n  (Fe) 
Mercury ( Hg) 

Manganese  (Mn) 

N i c k e l  ( N i  1 
Lead  (Pb) 

Zinc  (Zn) 

Water   ana lys is   fo r   ex t rac tab le   heavy   meta l  s reveal  s s i g n i f i -  
can t   inc reases  due t o   s l u i c i n g  on Ju l y   19  and  August 9. Downstream a t  

S t a t i o n s  3 and 4 arsen ic   leve ls   ranged  f rom <0.0005 mg/L t o  0.0043 
mg/L. A1 though  va lues  dur ing  s lu ic ing  per iods  increased 5 t o  10  t imes 

from  the  upstream  levels,   they  were still w i t h i n   t h e  recommended l i m i t s  

o f  0.05 m g / L / ( t o t a l )   f o r   d r i n k i n g   w a t e r  and a q u a t i c   l i f e .  
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Copper l e v e l s   i n c r e a s e d  as a r e s u l t   o f   m i n i n g  and on both 
s l u i c i n g   d a t e s  were  above  the recommended l e v e l  s f o r   a q u a t i c   l i f e ;  

0.050 mg/L and 0.030 mg/L a t   S t a t i o n s  3 and 4 on J u l y  19, and 0.042 

mg/L and 0.025 mg/L a t   S t a t i o n s  3 and 4 on  August 9. Copper a l s o  

s l i g h t l y  exceeded recommended l e v e l  s f o r   a q u a t i c   l i f e   a t  downstream 
s t a t i o n s  on J u l y  8;  0.006  mg/L a t   S t a t i o n s  3 and 4, and  on September 

22; 0.009  mg/L a t   S t a t i o n  3 and 0.007 mg/L a t   S t a t i o n  4. A t  S t a t i o n  1 
( c o n t r o l   s t a t i o n ) ,  a l eve l   o f   0 .011  mg/L was found on J u l y   1 9 .   T h i s  

1 eve1 may have  been  caused  by  upstream t e s t i n g  and s l u i c i n g   a c t i v i t y .  

I r o n   l e v e l  s exceeded recommended 1 imi t s   f o r   d r i n k i n g   w a t e r  

and  aquat ic  l i f e   a t  a1 1 downstream s ta t i ons   t h roughou t   t he  sampl i ng 

p e r i o d  and a t   t h e   c o n t r o l   ( S t a t i o n   1 )  on  two  occasions. The h i g h e s t  

values  found  were 22.9 mg/L and  12.6 mg/L a t   S t a t i o n s  3 and 4 on J u l y  
19  and  17.4 mg/L and  8.74 mg/L a t   S t a t i o n s  3 and 4 on  August  9. 
E leva ted   va lues   f o r  i r o n  may be a t t r i b u t e d  t o  m i n i n g   a c t i v i t y   u p s t r e a m  

on  Bar low  Creek  or on t h e   p r o p e r t y   i t s e l f .  

Mercu ry   l eve l  s were a1 1 bel  ow t h e   d e t e c t i o n  limit o f  0.0002 

mg/L and  there fore  do not  pose a problem. 

L e v e l s   f o r  manganese were  found  to be s i g n i f i c a n t l y   i n c r e a s e d  

a t   b o t h  downstream s t a t i o n s  on Ju ly   19  and  August  9. Values  of  1.47 

mg/L and  0.874 mg/L a t   S t a t i o n s  3 and 4 exceeded  the recommended l i m i t s  

f o r   d r i n k i n g   w a t e r  and aqua t i c  li f e y  as d i d   v a l u e s   o f  2.60 mg/L and 

1.80  mg/L f o u n d   a t   S t a t i o n s  3 and 4 on August 9. E l e v a t e d   l e v e l s  of 

manganese t h a t  exceeded limi t s   f o r   a q u a t i c   l i f e  and d r i n k i n g   w a t e r  were 

a l s o   n o t e d   a t   S t a t i o n  1 on J u l y  19. 

N i c k e l   l e v e l s   o n l y   s l i g h t l y  exceeded recommended l i m i t s   f o r  

a q u a t i c   l i f e   a t   S t a t i o n s  3 and 4 on J u l y   1 9   w i t h   v a l u e s   o f  0.04  mg/L 

and 0.03 mg/L,  and a t   S t a t i o n  3 on August 9 w i t h  a va lue   o f  0.03 mg/L. 

All o t h e r   v a l u e s   f o r   n i c k e l  were  below  the 0.02 mg/L d e t e c t i o n  limit. 

A1 1 l e v e l  s f o r   l e a d  were w i t h i n   d r i n k i n g   w a t e r   l i m i t s   a t  a1 1 

l o c a t i o n s ;  however, some exceeded recommended l i m i t s   f o r   a q u a t i c   l i f e .  

Va lues   o f  0.017 mg/L and  0.009  mg/L  were  found a t   S t a t i o n s  3 and 4 on 

J u l y  19  and  0.016 mg/L f o r   S t a t i o n s  3 and 4 on August 9.  These l e v e l s  

were  noted  to  be approx imate ly  20 t imes   g rea te r   t han   a t   ups t ream 
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s t a t i o n s .  An anomalous l e v e l   o f  0.050 mg/L a l s o   o c c u r r e d   a t   S t a t i o n  4 

on  September 1. Poss ib le   e r ro r   o r   con tamina t ion  t o  the sample c o l l e c -  

t i o n   m i g h t   e x p l a i n   t h i s   e l e v a t e d   l e v e l  . 
Zinc was  a1 so present  a t  l eve l s   wh ich  exceeded recommended 

1 i m i t s   f o r   b o t h   d r i n k i n g   w a t e r  and a q u a t i c   l i f e .  These values were 

0.111 mg/L and 0.069 n g / l  a t  S t a t i o n s  3 and 4 on Ju ly   19  and 0.076 mg/L 

and  0.044 mg/L a t  S t a t i o n s  3 and 4 on August 9. Other  heavy  metals 

t h a t  appeared to   i nc rease  as a r e s u l t   o f   m i n i n g   a c t i v i t y   i n c l u d e d  
A1 uminurn (A1 ) , Cobal t  ( C )  , Chromium (Cr)  and Magnesium (Mg) . These 
Val  ues may be found i n  Appendix I I .  

Heavy meta ls   p resent   in   the   water  were c l e a r l y  more abundant 

on  dates when s l u i c i n g  was occu r r i ng   a t   t he   t ime   o f   samp l ing  as shown 

i n   F i g u r e s  10 and 11. These e l   eva ted   l eve l  s corresponded  wi th   h igher  

suspended  sediment (NFK) va lues   f o r   t he  same dates  which i s  expected 

because   the   me ta l s   a re   t yp i ca l l y   assoc ia ted   w i th   f i ne   g ra ined   ma te r ia l  
t h a t  makes up suspended  sediments  (Paski , Pers. Comin., 1982). It i s  

seen i n   t h e  above r e s u l t s  and f rom  F igures  10 and 11 t h a t   l e v e l s   f o r  

copper ,   i r on  and  manganese a t  S t a t i o n  1 on J u l y  19 i n   p a r t i c u l a r  were 

h igher   than on o t h e r  sample  dates and exceeded  the recommended l e v e l s  

f o r   a q u a t i c   l i f e  (Cu, Fey Mn) and  dr ink ing  water   (Fe,  Mn). It i s  

s u g g e s t e d   t h a t   t h i s   i n c r e a s e   i n   e x t r a c t a b l e   m e t a l s   a t   S t a t i o n  1 on J u l y  

19 i s  due t o   p l a c e r   t e s t i n g   a c t i v i t i e s  on u p s t r e a m   t r i b u t a r i e s   t o  

Bar low  Creek  or  the  prolonged  rainfal l   which  would  increase  natural  
e ros ion   in to   the   s t ream.  

I 

4.1.2  Suspended Sediments  (Non-Fi l   terable  Residue - NFR). 

A1 1 suspended  sediments  were co l lec ted   by   g rab  sample and 

ana lyzed   a t   t he  EPS Whi tehorse   labora tory   two  to   four  days a f t e r  

c o l l e c t i o n .   D u p l i c a t e  samples  were a lso  analyzed a t  the EPS 1 abora tory  

i n  Vancouver as a c r o s s   r e f e r e n c e   f o r   q u a l i t y   c o n t r o l  , and corresponded 

v e r y   c l o s e l y   w i t h   t h e   r e s u l t s   o f   t h e  EPS Whitehorse  laboratory.  The 

resu l t s   p resen ted   i n   Append ix  I 1  are  those  determined in   the   Whi tehorse  

1 aboratory .  

Suspended sediments can  be d e f i n e d  as any p a r t i c u l a t e   m a t t e r  

suspended i n  water and t h a t   i s   r e t a i n e d  by a 0.45 m i c r o n   f i l t e r  or a 
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fil t e r   o f   d e f i n e d   p o r e   s i z e .  The term i s  a1 so synonymous w i t h  non- 
fil t e r a b l  e  residue ( NFR) . Suspended sediments  are  compri  sed o f  sand, 

s i 1  t, c l a y  and d e t r i t u s ,  and are   usua l ly   the   ma jor  cause o f   c o n c e r n   i n  

w a t e r   w i t h   r e g a r d   t o  a p lace r   m in ing   ope ra t i on .  Griffi t h s  and Mal t o n  

(1978)   summar ize  the  d i rect  and i n d i r e c t   e f f e c t s   o f  sediment on f i s h .  
The d i r e c t   e f f e c t s   a r e :  (1) m o r t a l i t y   o f   a d u l t   f i s h  as a r e s u l t  o f  

mechanical and abras ive damage; (2 )   impa i rment   o f   reproduc t ion ,   g rowth  

and s u r v i v a l  ; and ( 3 )  inc rease  o f   d isease  w i th in   a   popu la t ion .  The 

i n d i r e c t   e f f e c t s   r e s u l t   f r o m :  (1) h a b i t a t   m o d i f i c a t i o n s ,  ( 2 )  a l t e r a -  

t i o n s   i n   f o o d   s o u r c e s  and o t h e r   b i o t i c   r e l a t i o n s h i p s ,  and ( 3 )  r e d u c t i o n  

o f   v i s i b i l i t y .  

Good d i s c u s s i o n s   o f   t h e   e f f e c t s  and p o t e n t i a l   e f f e c t s   o f  

suspended  sediments on f i s h ,   t h e   a q u a t i c   h a b i t a t  and bo t tom  i nve r te -  

brates  have been presented  by  P ickra l   (1981) ,  Griffi t h s  and Wal t o n  

(19781,  Cordone and K e l   l e y  ( 19611, and Rosenberg and Snow ( 1975 1. 
Water q u a l i t y   w i t h   r e g a r d   t o  suspended  sediments i n  the  upper 

reaches   o f   Bar low Creek  appears r e l a t i v e l y   u n d i s t u r b e d  and i n d i c a t e s  

1 ow l e v e l s   o f   l e s s   t h a n  5 mg/L o f  suspended  sediments on most  sample 

da tes   (see   F igure   12) .  On Ju ly   19,   however ,   Stat ion 1 e x h i b i t e d  a 

suspended  sediment  level  of 47 mg/L. Th is   cou ld  have  been a t t r i b u t e d  

t o  some t e s t i n g  work  from  upstream  operations on Zinc  Creek  or  the 

L i t t l e   R o o s t e r   t r i b u t a r y   o f   B a r l o w  Creek o r  as a r e s u l t   o f   r a i n f a l l  

wh ich   inc reased  na tura l   e ros ion   in to   the   s t ream.   Very   h igh   va lues   fo r  

suspended  sediments were found  a t   downst ream  s ta t ions ,   S ta t ions  3 and 

4, on the  two s lu i c ing   da tes ,   Ju l y   19   and   Augus t  9. Suspended 

sediments on July  19  measured as h i g h  as 6990  mg/L,  1008 mg/L and 570 

mg/L a t  S t a t i o n  2 ( t a i l i n g s  pond e f f l u e n t ) ,   S t a t i o n  3 and S t a t i o n  4 

r e s p e c t i v e l y ;  and 4530 mg/L,  984 mg/L and 2065 mg/L a t  S t a t i o n s  2, 3 

and 4 r e s p e c t i v e l y  on August 9. Dur ing  sampl ing  t imes on September 1, 
a c t i v e   s l u i c i n g  was no t   occu r r i ng  and the  suspended  sediment  level s a t  

downstream s t a t i o n s   a l l   e x h i b i t e d   g r e a t l y   r e d u c e d   v a l u e s  as  compared t o  
s l u i c i n g   t i m e s .  The suspended  sediment l e v e l s  on September 22 a t  

S t a t i o n s  3 and  4  were  211 mg/L and 142  mg/L r e s p e c t i v e l y .   S l u i c i n g  

a c t i v i t y  had ceased fo r   severa l   hours  on September 22 when suspended 

sediments  were  col lected a t  S t a t i o n s  3 and 4 and found t o  be s l   i g h t l y  
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e l e v a t e d  (211 mg/L and 142 mg/L r e s p e c t i v e l y ) .   E f f l u e n t  had t ime   to  
s e t t l e   i n   t h e   t a i l i n g s  pond, which  expla ins  the  observed  resul ts .  

Suspended sed iment   leve ls   in f luence  o r  may i n f l u e n c e   o t h e r  

water  qual i ty  parameters  such as t u r b i d i t y ,   c o l o u r ,   s e t t l e a b l e   s o l i d s  

and d i s s o l v e d  oxygen.  These parameters and o the rs   a re   desc r ibed   i n   t he  

f o l  1 owing  sect ion.  

4.1.3 Other  Water  Qual i ty  Parameters.  

The resu l t s   f o r   o the r   wa te r   qua l i t y   pa ramete rs   t ha t   were  

n o t i c e a b l y   d i f f e r e n t  between  upstream  and  downstream  stations  and 

p robab ly   i n f l uenced  by p lacer   m in ing   a re   p rov ided  be low.  The values 

fo r   t hese   pa ramete rs ,   i n  many cases,  exceeded dr ink ing   water   s tandards  

o r  recommended l e v e l  s f o r   a q u a t i c  1 i f e .  The parameters   inc l  ude 

d i   s s o l   v e d  oxygen, s e t t l   e a b l  e s o l   i d s ,   t u r b i d i t y  , co l   ou r ,   t o ta l   ha rdness ,  

phosphorus, n i t r i t e  (N02-N)  and ammonia (NH3-14). Resu l ts   fo r   these 
and other  parameters  are  provided i n  Appendix 11. 

(a)  Flow.  Flow  measurements  provide  only an a p p r o x i m a t i o n   o f   f l o w   i n  

t h a t   t h e r e  were v a r i a t i o n s   i n   r e c o r d e d   f l o w   r a t e s  between s t a t i o n s  

on  the  creek. The f l o w   d a t a   i n   A p p e n d i x  I 1  i n d i c a t e s   i n p u t  t o  the 

stream  between  upstream and  downstream s t a t i o n s  based on average 

f lows. The average  f low  ra te  (rn3/s) a t   S t a t i o n  3 i s   g r e a t e r  

t h a n   a t   S t a t i o n  4 s u g g e s t i n g   t h a t  some o f   t h e   f l o w  i s  d i v e r t e d  

from  the  stream  channel   to  an  underground  aqui fer   or   channel  

between S t a t i o n  3 and 4 o r   t h a t   t h e r e   a r e   s i g n i f i c a n t   e r r o r s   i n  

t h e   f l o w  measurements. The range o f   f l o w s  a t  S t a t i o n  1 v a r i e d  

from 0 1 m3/s t o  0.7 m3/s w i t h   t h e  peak o f  0.7 m3/s occur r -  
i n g  on J u l y  19 wh ich   fo l lowed a p e r i o d   o f   p r o l o n g e d   r a i n f a l l  . 
T h i s   p e r i o d   o f   h i g h w a t e r   w o u l d   p r o b a b l y   c o n t r i b u t e   t o   t h e   e l e v a t e d  

1 e v e l s   o f  suspended  sediments (NFR) and  cer ta in   meta l  s n o t e d   a t  

S t a t i o n  1 on J u l y  19. 

(b)  Temperature. The r e s u l t s  show a general   increase  between  Stat ion 
1 and   S ta t i on  4. The general  downstream  increase  from 7 ° C  a t  

S t a t i o n  1 t o  9 O C  a t   S t a t i o n s  3 and 4 on J u l y  19, and 9°C a t  

Y 
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S t a t i o n  1 t o  11°C a t   S t a t i o n s  3 and 4 on August 9 may be caused  by 
t h e   f a c t   t h a t   t h e   o p e r a t i o n  had a s torage pond to provide  adequate 

wa te r   f o r   p ro longed   s lu i c ing  and because  dur ing   s lu ic ing   there  was 

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

temperature  d i f ference  between  upstream and  downstream s t a t i o n s  

occur red   in   m id-season when the  warming  of  the  ponded  water  would 

be grea tes t ,  whereas a t   t h e   b e g i n n i n g  and end o f   t h e  season the  

upstream and  downstream tempera ture   d i f fe rences  were l e s s .  

( c )   D i s s o l v e d  Oxygen ( D O ) .  S1 i g h t  decreases i n   d i s s o l v e d  oxygen  were 

n o t e d   a t   a l l  downstream s t a t i o n s  as compared t o   t h e   S t a t i o n  1 
c o n t r o l .  The D O  1 evel  s were  between 0.1 mg/L t o  1.1 mg/L l ower  a t  

downstream s ta t i ons   t han   respec t i ve   ups t ream  s ta t i ons  , which 

g e n e r a l l y   d i d   n o t  pose a s i g n i f i c a n t   d e c r e a s e .  However smal 1 , 
t h i s   r e d u c t i o n  may have  been  caused  by  surface and organ ic  

m a t e r i a l   i n t r o d u c e d   i n t o   t h e   w a t e r   f r o m   s l u i c i n g  and runof f   which 

may c r e a t e  an oxygen demand. The DO 1 evel  s remained we1 1 above 
minimum l e v e l s  recommended f o r   a q u a t i c   l i f e .  The percent  

s a t u r a t i o n   f o r  DO, which i s  d i r e c t l y   r e l a t e d   t o   t h e   a c t u a l  

concent ra t ion ,  i s  used as t h e   r e f e r e n c e   s t a n d a r d   f o r   t h i s  

parameter .   D isso lved  oxygen  sa tura t ion   d id   no t  meet t h e   d r i n k i n g  
water  standard a t  any o f   t h e  downstream s ta t i ons   excep t  on J u l y  8, 

w h i c h   c o r r e s p o n d s   w i t h   t h e   f a c t   t h a t   m i n i n g   a c t i v i t y   d i d   n o t  
i n f l u e n c e   t h o s e   s t a t i o n s   u n t i l   a f t e r   t h a t   d a t e .   E x c e p t   f o r   J u l y  

8, the   percent  DO s a t u r a t i o n  was less   t han  100% a t  t h e   c o n t r o l  

s t a t i o n   t h r o u g h o u t   t h e   e n t i r e   o p e r a t i n g  season. Th is   cou ld  be due 

t o   p l a c e r   a c t i v i t y  on u p s t r e a m   t r i b u t a r i e s   t o   B a r l o w  Creek o r  

g roundwate r   i n f l uenc ing   t he   s t ream  du r ing   t he   l a t te r   pa r t s   o f   t he  

season.  Under the   cond i t i ons   p resen t   i n   t h i s   s t ream  reach ,   t he  

decrease i n   p e r c e n t  UO s a t u r a t i o n   i s   n o t   g r e a t   a l t h o u g h  i t  was 

de tec tab le  on s l   u i c i  ng dates. 
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( d )   T u r b i d i t y .   I n c r e a s e d   t u r b i d i t y   g e n e r a l l y   e x i s t s   i n   w a t e r  when  an 

i n c r e a s e d   s u r f a c e   a r e a   o f   s i l t  and c l a y   p a r t i c l e s   r e f l e c t  more 

1 i g h t   t h a n   w o u l d   l a r g e r  sand p a r t i c l e s  (Taekema 1983).  Because 

t u r b i d i t y   i s   d i r e c t l y   r e 1   a t e d ,   t h o u g h   n o t   n e c e s s a r i l y   l i n e a r ,   w i t h  

suspended  sediments i t  was found, as expected,  to be g r e a t l y  

e l e v a t e d   a t  downstream s t a t i o n s  on J u l y   1 9  and August  9.  Values 

as h igh  as 800 FTU (Fo rmaz in   Tu rb id i t y   Un i t s )   and  600 FTU occurred 

a t   S t a t i o n s  3 and 4 r e s p e c t i v e l y  on J u l y  19, and  1280 FTU and 1200 

FTU a t   S t a t i o n s  3 and 4 on  August  9. S i g n i f i c a n t l y   e l e v a t e d  
t u r b i d i t y   l e v e l s  o f  180 FTU and 95.0 FTU were  also  demonstrated a t  

S t a t i o n s  3 and 4 d u r i n g   t h e   l a s t   s a m p l i n g   d a t e   o f   t h e  season , 
September 22, wh ich   occur red   immedia te ly   a f te r   s lu ic ing  had ceased 

f o r   t h e  day.  These values compare w i t h   l e v e l s   l e s s   t h a n   0 . 1  FTU 

t o  2.9 FTU a t   t h e   S t a t i o n  1 c o n t r o l .   O t h e r  downstream  values 
dur ing  non-s lu ic ing  t imes  range  between 10.0  and 30.0 FTU, 

i n d i c a t i n g   t u r b i d i t y   r e s u l t i n g   f r o m   n o n - p o i   n t   s o u r c e s  a1 ong  the 

stream i n   t h e   v i c i n i t y   o f   t h e   o p e r a t i o n .  

( e )   S e t t l e a b l e   S o l i d s .   S e t t l e a b l e   s o l i d s   a r e  commonly de f ined as "any 
p a r t i c u l a t e   m a t t e r   i n   s u s p e n s i o n   t h a t  wi li s e t t l e   o u t   o f  suspen- 

s i o n   i n  a s t a n d a r d   u n i t  o f  t ime"  (Department  of   Environment,  

1 9 7 9 ) .   S e t t l e a b l e   s o l i d s  were e leva ted  on  one sampl ing   da te ,   Ju ly  

19. Values  ranged  from  0.9 mL/L a t   S t a t i o n  3 and  0.2 mL/L a t  
S t a t i o n  4. Values a t   S t a t i o n s  3 and 4 on  August 9 were  both  less 

than  0.1 mL/L. A1 1 o t h e r  Val  ues f o r   s e t t l e a b l e   s o l   i d s   a t   t h e  

c o n t r o l  and  downstream a t   S t a t i o n s  3 and 4 were  less  than  0.1 

mL/L. 

( f  1 Colour.  Colour  exceeded recommended l e v e l  s f o r   d r i n k i n g   w a t e r  by 
demonst ra t ing   va lues   g rea ter   than 100 c o l o u r   u n i t s   a t   S t a t i o n s  3 

and 4 on J u l y  19. On t h i s   d a t e  , however, a v a l u e   o f  65 c o l   o u r  

u n i t s  was found a t  t h e   c o n t r o l   ( S t a t i o n   1 ) .  It i s   p o s s i b l e   t h a t  

t h i s   e l e v a t e d   l e v e l  was caused  f rom  test ing and m i n i n g   a c t i v i t y  

upstream a1 t h o u g h   n a t u r a l l y   h i g h   f l o w s   e x i s t e d  a t  the  t ime. A 

c o l o u r   l e v e l   o f  20 c o l o u r   u n i t s   o c c u r r e d   a t   S t a t i o n  3 on September 
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1. Colour  measurements a t  S t a t i o n s  3 and 4 were   no t   ana lyzed  fo r  
August 9 due to h i g h   t u r b i d i t y   i n t e r f e r e n c e s .   H i g h   v a l u e s   f o r  

c o l o u r  may be due to   inc reased  concent ra t ions   o f   o rgan ic   mat te r  
in t roduced  to   water   f rom  the   s t r ipp ing   p rocess .  

( 9 )  Hardness. Re1 a t i  v e l y   h i g h   l e v e l  s o f  to ta l   hardness  were  noted 

throughout  the  sampling  period.  Values  ranged  from  66.4 - 124 

m!3/L as CaC03 a t   S t a t i o n  1 t o  94.0 - 214 mg/L as CaC03 a t  
downstream s ta t ions .   Leve ls   o f   195  and 130 mg/L as CaC03 

occur red  a t  S t a t i o n s  3 and 4 on July 19  and  214  and  150 mg/L as 

CaC03 on  September 1. These r e s u l t s   c l e a r l y  exceeded  the 
recommended l e v e l s   o f  80-100 mg/L f o r   d r i n k i n g   w a t e r .  

(h)   Phosphorus '   (as p 0 4 ) .  Excessive amounts o f  phosphates i n  streams 
may cause a l g a l  blooms and o d o u r s   t h a t   a r e   d e t r i m e n t a l   t o   f i s h .  
To avo id   nu isance  concent ra t ions   o f   a lgae,   average  to ta l  

phosphorus  concentrations  should  not  exceed  0.020 mg/L ( O n t a r i o  

M in i s t r y   o f   Env i ronmen t ,   1978) .   Th i s   l eve l  however was exceeded 

a t  S t a t i o n s  3 and 4 on three  sampl ing  dates.  These  were  0.920 

mg/L and  0.510 mg/L on J u l y  19,  1.05 mg/L and  1.00 mg/L on  August 

9 and  0.225 mg/L and  0.145 mg/L on  September  22. One o t h e r  

s l i g h t l y   e l e v a t e d   l e v e l   t h a t  may have  been s i g n i f i c a n t  was 0.057 

mg/L found a t  S t a t i o n  1 on J u l y  19.  Other  values a t   t h e   c o n t r o l  

s ta t i on   ranged  between ~0 .005  - 0.008  mg/L and  between 0.020 - 
0.033 mg/L a t   S t a t i o n s  3 and 4 du r ing   nons lu i c ing   t imes .  

( i 1 N i t r i t e s .  N i  t r i t e  measurements  exceeded  the recommended d r i n k i n g  

water   s tandard  o f  0.001 mg/L a t  most  downstream s t a t i o n s  and a t  
t h e   c o n t r o l   s t a t i o n  on J u l y  19.  These levels   ranged  f rom 0.007 
mg/L t o  0.037  mg/L. The d e t e c t i o n  limit f o r   n i t r i t e  (0.005 mg/L) 

i s  greater   than  the recommended d r i n k i n g   w a t e r  limit. All S t a t i o n  

1 samples  except on J u l y  19, S t a t i o n  4 on September 1 and S t a t i o n s  

3 and 4 on September 22 were all less   t han   t he   de tec t i on  limit. 
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(j Ammonia. Level s f o r  ammonia were a1 1 found   to  be w i t h i n  
recommended l i m i t s   f o r   d r i n k i n g   w a t e r  and a q u a t i c   l i f e .   C a l c u l a -  

t ions   taken  f rom APHA e t  a1 (1975)  were  used on ammonia l e v e l  s t o  

de termine  the   percentage  o f   un- ion ized ammonia. L e v e l s   o f  

un- ion ized ammonia t h a t  exceed  the  0.02 mg/L recommended l e v e l   f o r  

a q u a t i c   l i f e   i n d i c a t e s  excess   concent ra t ion   o f   metabo l ic   p roduc ts  

i n  the  water  which may r e s u l t   i n   s t r e s s  t o  aquatic  organisms. 

( k   C o n d u c t i v i t y  , pH , f i  1 t e r a b l  e res idues  , sul   phates , n i t r a t e s  and 

a l k a l i n i t y  were all w i t h i n  recommended l e v e l s   f o r   d r i n k i n g   w a t e r  

a n d   a q u a t i c   l i f e .  

4.2 Sediments 

Sediment  samples  were c o l l e c t e d  a t  S t a t i o n s  1, 3 and 4 on 

each o f  the  sampl ing  dates  and  subsequent ly   analyzed  for   par t ic le   s ize 

composi t ion and leachable  meta ls .  No sediment  samples  were  col lected 
a t   S t a t i o n  2, o r  a t  S t a t i o n  4 on J u l y  8 and  19. When analyz ing and 

d i scuss ing   t he   resu l t s   o f   sed imen t   ana lys i s  i t  i s  necessary  to be aware 

o f   t h e   v a r i a b i l i t y   t h a t  can  occur among r e p 1   i c a t e  samples due t o  

n a t u r a l   v a r i a t i o n s   i n   s t r e a m   b o t t o m   c o m p o s i t i o n .   D e s p i t e   t h e  1 imi t a -  

t i o n  on   i n te rp re ta t i on   t he   da ta  shows t h e   e f f e c t s   o f   s l u i c i n g  on 

sediment  composit ion  and  sediment  chemistry a t  downstream s t a t i o n s  

compared t o   t h e   c o n t r o l  , and t h i s  can be r e l a t e d   t o   t h e   e f f e c t i v e n e s s  

o f   t h e   s e t t l i n g  ponds. 

4.2.1  Sediment P a r t i c l e   S i z e   A n a l y s i s .  

R e s u l t s   o f   t h e   s e d i m e n t   p a r t i c l e   s i z e   a n a l y s i s   a r e   g i v e n   i n  

Appendix 111, Table 1. I l l u s t r a t i o n s   o f   p a r t i c l e   s i z e   i n  terms  of mean 
percent  composi t ion  can be found i n   F i g u r e s  13  and  14. 

I nc reased   l eve l  s o f   s i 1   t s  and c lays   occu r red  downstream  of 

t h e   m i n i n g   a c t i v i t y   t h r o u g h o u t   t h e   o p e r a t i n g  season. E s p e c i a l l y   h i g h  
c o n c e n t r a t i o n s   o f   s i l t s  and f i n e  sands  were  found a t   S t a t i o n  3 on two 
sampling  dates when s l u i c i n g   o c c u r r e d   ( J u l y   1 9  and  August  9) .   Dur ing 

I 

I, 

H) 
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STATION I STATION 3 STATION 4 

July 8, 1982 

J u l y  19, 1982 - 

A u g u s t  9, 1982 

Very  Fine Sand 7 5 - 1 5 0 y m  
....... . . . . . . . 

F E q  Medlum Coarse Sand 300-1180 yrn 
Very  Coarse  Sand 1180-2360 q m  

a Fine  Sand I50 -300 m Gravel 7 2360 q m  

FIGURE 13 SEDIMENT  PARTICLE S I Z E  ANALYSIS  - 
MEAN  PERCENT  COMPOSIT ION 
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STATION I S T A T I O N  3 STATION 4 

September I, 1980 

September 22, 1982 

L E G E N D  

[ E d  Medium Coarse Sand 300 - 1 l 8 0 y m  

Very  Fine  Sand 73-  1 5 0 4 m  Very Coarse Sand 1180 - 2 3 6 0 4 m  
Y 

FIGURE 14 S E D I M E N T   P A R T I C L E  S I Z E  A N A L Y S I S  - 
MEAN P E R C E N T   C O M P O S I T I O N  
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these two pe r iods   pe rcen t   compos i t i on   o f   s i l t s  and f i n e  sands (75 um t o  
350 um) ranged  from 67.4% t o  97%  downstream a t  S t a t i o n  3 ,  b u t   o n l y  

19.4% a t   S t a t i o n  4 on  August  9.  Eighty  percent  of  the  sediment 

c o l   l e c t e d   a t   S t a t i o n  4 on  August 9 ranged i n   s i z e  from medium coarse 
sand to   g rave l   (300 urn t o  >2360  um). Uue t o   t h e  deep and narrow 
channel a t  S t a t i o n  4 and an i n c r e a s e   i n   d i s c h a r g e   d u r i n g   s l u i c i n g ,  a 

" f l u s h i n g   o u t "   p r o c e s s  may have o c c u r r e d   t o   e x p l a i n   t h i s   s t a t e   o f  

recovery  to   the  s t ream bed. Sediment a t  S t a t i o n s  3 and 4 on  September 

1 consis ted  most ly   o f   gravel   which  ranged  in   s ize  >2360 um, 96.1% and 

97.6% r e s p e c t i v e l y .   S l u i c i n g  had ceased f o r  a p e r i o d   d u r i n g   t h i s   t i m e  

and  provided enough t i m e   f o r   f i n e   p a r t i c l e s   t o  be resuspended and 

t r a n s p o r t e d   f u r t h e r  downstream a l low ing   the   s t ream bed i n  the  study 

a r e a   t o   r e t u r n   t o  a more na tura l   compos i t ion   fo r   the   a rea .  

In te res t ing   sed iment  samples  were c o l l e c t e d   a t   S t a t i o n s  3 and 

4 on  September 22 where  89.6% t o  93.5% o f   t h e  sediment  gathered was 

c o n s i d e r e d   f i n e  and ranged i n   s i z e   f r o m  75 - 300 um. S l u i c i n g  was 

e s t i m a t e d   a t  300 hours  between  June and  September and a t h r u s t   i n  

s l u i c i n g   a c t i v i t y   a t   t h e  end o f   t h e  season may e x p l a i n   t h e   l a r g e  

increase  of   f ine  sediments  found  downstream on t h i s  date. A1 so, s l   u i c -  

i n g  had  ceased j u s t   p r i o r   t o   s a m p l i n g  on t h i s   d a t e  so i t  i s   u n l i k e l y  

t h a t   t h e r e  had  been s u f f i c i e n t   t i m e   f o r   t h e   s t r e a m  to resuspend and 
move sediments  further  downstream. The f l o w   r a t e  was  a1 so d e c l i n i n g  

1 a t e r   i n   t h e  season  and the  s t ream was l e s s  ab1 e t o  resuspend  the 
sediments. 

4.2.2 Sediment  Metal  Concentrat ions. 

The c o n c e n t r a t i o n   o f   m e t a l s   a n a l y z e d   i n   t h e   p o r t i o n   o f   t h e  

sediment   that  was smal ler   than 150 um are  g iven i n  Appendix 111, Table 
2 f o r  all s t a t i o n s  sampled.  Sediments a t   S t a t i o n  4 on J u l y  8 and  19 

were n o t   c o l l   e c t e d  due t o   h i g h   w a t e r  and t h e   i n a b i l  i ty t o  o b t a i n  a 

r e p r e s e n t a t i v e  sample. A 1 i s t   o f  mean va lues  for   sediment   meta l  

c o n c e n t r a t i o n s   i s   f o u n d   i n   T a b l e  2. 
Genera l ly   there  appears  to  be some v a r i a b i l  i ty i n  the  heavy 

meta l   resul ts   f rom  the  sediment   sampled  throughout   the  operat ing 

season. A mean va lue   o f  5.5 mg/kg was f o u n d   a t   S t a t i o n  3 on J u l y  8 and 
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between 16.2  mg/kg  and  16.6  mg/kg a t   S t a t i o n s  3 and 4 on  September 22; 

a l l   o f   w h i c h  were   cons idered  to  be w i t h i n   n o r m a l   l i m i t s .  Manganese  and 

z i n c   d e c r e a s e d   s l i g h t l y   d u r i n g   t h e  two s l u i c i n g   p e r i o d s  as  compared to 

the   o the r   samp l ing   da tes .   dean   va lues   f o r  manganese ranged  from  373 

mg/kg t o  976  mg/kg; a normal l e v e l   f o r  manganese i s   i n   t h e   a r e a   o f  1000 

mg/kg  (Paski , 1982).  Mean v a l u e s   f o r   z i n c  were a1 so found  to   decrease 

d u r i n g   s l u i c i n g   w i t h  a v a l u e   o f  43.3  mg/kg a t   S t a t i o n  3 on J u l y  19  and 

60.3 mg/kg  and  49.0  mg/kg a t   S t a t i o n s  3 and 4 on  August 9. A f t e r   t h i s  

p e r i o d   z i n c   l e v e l s   g r a d u a l l y   i n c r e a s e d   t o  mean v a l u e s   o f  62.4  mg/kg  and 

62.3  mg/kg a t   S t a t i o n s  3 and 4 on  September 1 and  91.5  mg/kg and 82.4 

mg/kg a t   S t a t i o n s  3 and 4 on  September  22.  With  other  heavy  metal s 

such  as  copper ,   i ron,   mercury,   n icke l   and  lead,  mean va lues   i nc reased  

o v e r   t h e   o p e r a t i n g  season  (see  Figures  15  and  16).  

A mean v a l u e   o f  16.1  mg/kg f o r   c o p p e r  was found a t   S t a t i o n  3 

on July 19,  and  22.4  mg/kg  and  18.4  mg/kg a t   S t a t i o n s  3 and 4 on August 

9. By t h e  end o f   t h e  season   va lues   had   i nc reased   s l i gh t l y  to 34.2 

mg/kg  and 29.6 mg/kg a t  S t a t i o n s  3 and 4 on  September  22.  tlean  values 

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

s t a t i o n s .  Mean v a l u e s   f o r   i r o n   w e r e   f o u n d   t o   g e n e r a l l y   i n c r e a s e   o v e r  

t h e  summer. A mean v a l u e   o f  14000  mg/kg was f o u n d   a t   S t a t i o n  3 on J u l y  

19  and  21267  mg/kg  and  18733  mg/kg a t   S t a t i o n s  3 and 4 on August  9. 

Va lues   f o r   mercu ry  were   mos t   e leva ted   du r ing   s lu i c ing  and d e c l i n e d   i n  

sediments  toward  the  end  o f   the summer. h 1 eve1 o f  0.15  mg/kg was 
f o u n d   a t   5 t a t i o n  3 on Ju l y   19   and  0.15  mg/kg  each a t   S t a t i o n s  3 and 4 
on  August 9. Mercury  levels  ranged  between  0.03  mg/kg and 0.15 mg/kg. 

T h e s e   c o n c e n t r a t i o n s   a r e   s i m i l a r   t o   o t h e r   p l a c e r   m i n i n g   s t r e a m s   i n  

Yukon T e r r i t o r y   ( M a t h e r s   e t  a1 1981) .   N i cke l  and l e a d   b o t h   r o s e  

g r a d u a l l y   o v e r   t h e   d u r a t i o n   o f   t h e   o p e r a t i n g   s e a s o n  a1 though  they 

rema ined   w i th in   no rma l   l eve l s .  

It was d i f f i c u l t   t o  draw  any firm conc l   us ions  due t o   t h e  

sample v a r i a b i l i t y   f o u n d   f o r   t h e  heavy   meta ls   a t   Bar low  Creek .  Some 

m e t a l s   d e c r e a s e d   d u r i n g   s l u i c i n g   p e r i o d s  and recovered  by   the  end o f  

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

sudden ly   esca la ted  a t  t h e  end o f   t h e  season. The l a t t e r   e v e n t  was 

1 i k e l y   t h e   r e s u l t   o f  a b u i l d  u p  of   sed iment  due t o  a c o n c e n t r a t e d  

4 
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FIGURE 15 MEAN HEAVY  METALS  IN  SEDIMENT 
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s lu i c ing   pe r iod   wh ich   t ook   p lace   nea r   t he   end  o f  the   season.   S lu ic ing  

was es t ima ted   by   t he   ope ra to r  as 300 hours  between  June  and  September. 

A1 though  nost   o f   the  heavy  meta ls   increased,  a1 1 were  consid- 

e r e d   t o  be w i t h i n  normal  values  for   stream  sediment (Paski  , 1982). The 

b u i l d  up o f   f i n e   s e d i n e n t s ,   t h u s   t h e   i n c r e a s e   i n  heavy  metal  concentra- 

t i o n s ,   i n i g h t   s u y g e s t   t h a t   t h e   r e t e n t i o n   t i m e   o f   t h e   s e t t l i n g  pond was 

l e s s   e f f e c t i v e   a t   s e t t l i n g   t h e   h e a v i e r   m e t a l   b e a r i n g   s e d i m e n t s   a t   t h e  

end o f   t h e   o p e r a t i n g  sedson  than a t   t h e   b e g i n n i n g .  

4.3 Bottom Fauna 

4.3.1 Bottom Fauna  Numbers and D i v e r s i t y   I n d i c e s .  
A summary o f   Ba r low  Creek  bottom  fauna numbers  and d i v e r s i t y  

i n d i c e s   i s   g i v e n   i n   T a b l e  3. S t a t i o n s  1 , 3 and 4 were   the   on ly  
s t a t i o n s  where bottom  fauna were c o l l e c t e d .  S t a t i o n  2 ( s e t t l i n g  pond 

e f f l u e n t )  was u n s u i t a b l e   f o r   c o l l e c t i o n .  Appendix IVY Table 1 l i s t s  
t i le  bot tom  fauna  taxonomic  groups as i n  Pennak ( 1978) , found i n  Bar low 

Creel:. Appendix IVY Table 2 1 i s t s   t h e  numbers o f   i n d i v i d u a l s   i n  each 
taxonomic  group and t h e   d i v e r s i t y   i n d e x   f o r  each  sample. 

U i v e r s i  ty index  va lues  were  ca lcu lated  (Table 3 )  t o   a s s i s t  
f u r t h e r  assessment o f   t h e   i m p a c t   t h a t  a p l a c e r   m i n i n g   o p e r a t i o n   c o u l d  

have  on  Barlow  Creek. The d i v e r s i t y   i n d e x   i s   u s e d   t o   e x p r e s s   t h e  

" r i c h n e s s "   o f  a community,   represented  by  the nurnuer o f   d i f f e r e n t  

taxonomic  groups ( genera i n   t h i s  case 1. Communi t i e s   o f   h i g h   d i v e r s i t y  

a r e   c h a r a c t e r i z e d  by l a r g e  numbers o f  s p e c i e s   w i t h  no s ing le   spec ies  

overwhelmingly  abundant. Communi t i e s   o f   lo^ d i v e r s i t y   c o n t a i n  few 

species,  Solile o f   w h i c h   a r e   r e p r e s e n t e d   i n   d i s p r o p o r t i o n a t e l y   h i g h  

numbers.  tieneral l y  d i v e r s i t y   v a l u e s   g r e a t e r   t h a n  0.90 ( i n  l o g l o  o r  

3.0 i n   l o g 2 )   a r e   f o u n d   i n   u n p o l l u t e d ,   p r o d u c t i v e   w a t e r s   w h i l e   h e a v i l y  

p o l l u t e d   w a t e r s  have  va lues  less  than 0.30 ( i n   l o g l o   o r  1.0 i n  

l 0 9 2 ) "  (Wihlm  and D o r r i s ,  1968). The d i v e r s i t y   i n d i c e s   i n   t h i s   s t u d y  

f a l l   r J i t h i n  a comparable  range  to  those  found i n   o t h e r  Yukon streams 
s u b j e c t e d   t o   p l a c e r   m i n i n g  such as Clear  Creek  (Burns,   1980).   Bottom 

fauna  popu la t ions  (number  per m2)  g e n e r a l l y  have  been  found t o  be 

q u i t e   l o w ,   p o s s i b l y  due t o   c o l d   c l i m a t e   o f   t h e   s t u d y   a r e a  and 
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d is turbance  f rom an operat ion  upstream. The bottom  fauna  standing  crop 

appears  low as a r e s u l t ,   t h u s   a f f e c t i n g   t h e   p o t e n t i a l  as a food  source 

f o r   f i s h   i n   t h i s   t y p e   o f   h a b i t a t .  

D i v e r s i t y  (H' ) va lues  taken  over  s i x  sampl ing   per iods   fo r  

S t a t i o n  1 ( c o n t r o l )   r a n g e d   f r o m  0.28 t o  0.89  and  actual numbers o f  

i n d i v i d u a l s   c o l l e c t e d  by Surber  sampler  ranged  from 5 t o  408 ( p e r  0.093 

m2 o r  1.0 f t 2 ) .  On July  19  d iversi ty  ranged  between  0.41  and 0.73 

a t  S t a t i o n  1, and between 0 and  0.08 a t  S t a t i o n  3 .  Benthic  samples 

w e r e   n o t   c o l l e c t e d   a t   S t a t i o n  4 on Ju l y   19  due to   h igh  v ia ter   condi -  

t i o n s   p r e c l u d i n g   o b t a i n i n g   b e n t h i c  samples. To ta l  numbers' o f   i n d i v i d -  

uals  ranged  f rom 5 t o  20 a t  S t a t i o n  1 and  from 2 t o  58 a t  S t a t i o n  3. 

On August 9 d ivers i ty   ranged  between 0.28 and 0.56 a t  S t a t i o n  1, 0.28 

t o  0.78 a t   S t a t i o n  3 and  zero a t   S t a t i o n  4. To ta l  numbers c o l l e c t e d   a t  

t h i s   da te   ranged   f rom 24 t o  62 a t   S t a t i o n  1, 3 t o  27 a t  S t a t i o n  3 and 1 
t o  7 a t   S t a t i o n  4. 

S i g n i f i c a n t   v a r i a t i o n   i n   t e r m s   o f   d i v e r s i t i e s  and t o t a l  

nunber o f   i n d i v i d u a l s  were  found a t  S t a t i o n  1 on J u l y  19  and S t a t i o n s  
1, 3 and 4 on  August 9. Low numbers o f   i n d i v i d u a l s  a t  S t a t i o n  1 may 

have  been  the  resul t  o f  some min ing   d is tu rbance  s ix   k i lometers   ups t ream 

on  Zinc  Creek. A t  S t a t i o n  4 on  August 9 b e n t h i c   i n v e r t e b r a t e s  were 

great ly   reduced.  These 1 ower l e v e l  s are   cons ide red   t o  be due t o  

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

t h e r e  was n o t  a c o r r e s p o n d i n g   r e d u c t i o n   a t   S t a t i o n  3. The t h r e e   n o s t  

abundant  orders  of  bottom  fauna  found i n  terms o f  numbers o f   i n d i v i d -  

u a l s  were  Ephemeroptera,   Diptera  and  Plecoptera,   which  are  fur ther 

discussed i n   t h e   f o l l o w i n g   s e c t i o n .  

4.3.2 Three  Most  Abundant  Orders  Found i n  Barlow  Creek. 

A 1 i s t   o f   t h e   t h r e e  most  abundant  orders and the 

taxa  found i n  Barlow  Creek i s  g iven i n  Tab1 e 4. The numbers 

component 

found and 

p e r c e n t  abundance  based on t h e   t o t a l  s f o r   t h e s e   t h r e e   o r d e r s   i s  shown 
i n  Table 5. These va lues   represent   the  numbers obta ined i n   t h r e e  

r e p l i c a t e  samples  (0.279 in2 o r  3 f t 2 )   a t  each s t a t i o n .  Graphs 

i l l u s t r a t i n g   a c t u a l  abundance  and percent  abundance f o r   t h e   t h r e e  

orders  can be found i n   F i g u r e s  17, 18  and 19. 
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TABLE 4 T H R E E  M O S T  ABUNDANT O R D E R S  A N D  T H E I R  T A X O N O M I C  GROUPS 
FOUND I N  BARLOW C R E E K  

Y 

Q 

E p h e m e r o p t e r a :  

D i D t e r a :  

P l e c o p t e r a :  

A m e l e t u s   s p .  
B a e t  i s  s p .  
C i n y g m u l a  s p .  

E p e o r u s   s p .  

C 5 i r o n o m i d a e   a d u l t  
C h l r o n o m i d a e   p u p a e  
B r i l l i a  sp. 
C a r d i o c l a d i u s   s p .  
C r  1 c o t o p u s   s p .  
D i p l o c l a d i u s  s p .  
E p o i c o c l a d i u s  s p .  
E u k i e f f e r i e l l a  sp. 
H e t e r o t r i s s o c l a d i u s  

O r t h o c l a d i u s   s p a  
D i a m e s a  S D .  

Monod iamesa  s p .  
P s e u d o d i a m e s a   s p -  
C U I  i c i d a e  
C h e l   i f e r a  s p .  
P r o s i m u l i u m  s p .  
M e t a c n e p h  i a sp. 

T i p u l a   s p .  
s p .   E r i o p t e r a   s p .  

Sub imago 
Capn i a  sp. 
A l l o p e r l a  sp. 
U t a p e r l a   s p .  
Podmos ta   sp .  

A r c y n o p t e r y x  sp. 
C u l t u s   s p .  
Megarcys   sp .  
S k w a l a   s p .  
U n i d .  dam. 
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S T A T I O N  I STATION 3 

J u n e  26,1982 

July 8, 1982 - 

July 19,1982 
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.c 

STATION 4 

Not  Sampled 

Not Sampled 

D i p t e r a  

P l e c o p t e r a  

F IGURE 18 BOTTOM  FAUNA  DATA - P E R C E N T   A B U N D A N C E  
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Because o f   t h e i r   s e n s i t i v i t y   t o   l o w   l e v e l s   ( 1 0  - 15 mg/L) o f  

suspended  sediments  (Rosenberg  and Snow, 1977) , t h e   i n v e r t e b r a t e  

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

r e s u l t i n g   f r o m   s i 1   t a t i o n .   I n c r e a s e d   l e v e l s   o f  suspended  sediments  nay 

fill i n t e r s t i c e s   i n   t h e   g r a v e l   s u b s t r a t e ,   t h e r e b y   r e d u c i n g   t h e  exchange 

o f  o x y g e n a t e d   w a t e r   c r u c i a l   t o   t h e   s u r v i v a l   o f   m a c r o - i n v e r t e b r a t e s .   I n  

add i t ion   to   th is ,   inc reased  sed imenta t ion   can   change  subs t ra te   conpos i  - 
t i o n ,   w h i c h  may correspondingly  change  the  community  structure  gore 

s u i   t a b l e   t o   t h e  neN h a b i t a t .  A change i n   b e n t h i c   h a b i t a t  as a r e s u l t  

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

organ isms  (Tr ichoptera ,   Epherneroptera ,   P lecoptera)   and  the   rep lament  

w i t h  Inore to1  erant   spec ies  such as Chi  ronomidae  and 01 igochaeta 

( G r i f f i t h s  and  Walton,  1978). 

The th ree   nos t   abundant   o rders  were  chosen to   de termine  i f  
any genera l   observa t ions  could be made wi th  r e g a r d  t o  t h e i r  numbers as 

r e l a t e d   t o   s l u i c i n g   o r   n o n - s l u i c i n g   c o n d i t i o n s ,   o r   s e a s o n a l   t r e n d s  
i n f l u e n c e d  by s l u i c i n g .   E i g h t y - s e v e n   i n d i v i d u a l  s o f   t h e   o r d e r  

Ephemeroptera :Jere found a t  S t a t i o n  1 on J u l y  8, r e p r e s e n t i n g  86% o f  

t he   t h ree   o rde rs .  iiumbers o f   i n d i v i d u a l  s d e c l i n e d   t o  25 on   Ju l y   19  and 

16  on August 9, b u t   s t i l l   r e p r e s e n t e d  78%  and 80% r e s p e c t i v e l y   o f   t h e  

th ree   mos t   abundan t   o rde rs .   Th i s   reduc t i on   i n   popu la t i on   con t inued   to  

t h e  end o f   t h e  summer. Seasonal  succession  of  emergence  could be a 
s i g n i f i c a n t   f a c t o r   t o   t h i s   d e c l i n e   a c c o r d i n g   t o   U s i n g e r   ( 1 9 5 6 ) .  

C o n v e r s e l y ,   i n d i v i d u a l s   f r o m   t h e   o r d e r   U i p t e r a   i n c r e a s e d   i n  numbers a t  

S t a t i o n  1 on  September 1 and 22 where mean sediment  composi t ion 

c o n s i s t e d   o f  91.7% and  97%  medium coarse  sand  to  gravel  (300->2360 urn). 
Abundance o f  Epherneroptera was s i m i l a r   a t   S t a t i o n  3 on  June 

26 and J u l y  8 wi t!i ind i v idua ls   number ing  13  and  17 r e s p e c t i v e l y .  Flean 

s e d i n e n t   c o m p o s i t i o n   f o r   J u l y  8 o n l y   c o n s i s t e d   o f  7.8% s i l t  and f i n e  

sand. riurnbers , however,  were  reduced t o  1 i n d i v i d u a l  on J u l y  19 where 

s e d i m n t  rlas composed o f  67.4% f i n e  sand  and s i 1  t, and  increased t o  44 

on August 9 where s u b s t r a t e  was compr i sed   o f  97% f i n e  sand  and s i 1  t. 

iJurlbers o f   Epheneroptera  on the   two   s lu i c ing   da tes   were   qu i te   i ncons is -  

t a n t   w i t h  edch  other.   i i inety-seven  percent  f ine  sand  and  s i1 t on 

August 9 d i d   n o t   p r o v i d e  a h a b i t a t  where  one would  expect  to  see an 
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I 

i nc rease   o f   Ephemerop te ra .   Th i s   c leanwate r   i nve r teb ra te   g roup   i s  known 

f o r   i t s   i n a b i l i t y   t o   s u r v i v e   h i g h   s e d i m e n t   l e v e l s   ( L a n g e r ,   1 9 8 0 ) .  All 

o f   t h i s   m i g h t   l e a d   t o   t h e   c o n c l u s i o n   t h a t  a s i g n i f i c a n t  degree  of 

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

1 a s t  two sampl i n g   p e r i o d s   i n  September show a r e d u c t i o n   o f  Ephemerop- 

t e r a   w h i c h  may be l i n k e d   t o  a na tura l   seasona l   dec l ine  due t o   c o l d e r  

water  temperatures.  Ephemeroptera a t   S t a t i o n  4 numbered t e n   o r   l e s s  

th roughou t   t he  sampl i ng  per iod .  
I n d i v i d u a l s   o f   t h e   o r d e r   u i p t e r a  were l ess   t han  25% i n  

abundance a t   t h e   c o n t r o l   s t a t i o n  on a l l   d a t e s   e x c e p t  on  September 1 and 

September 23 where  they  represented  79%  and  73%  respect ively.  Idumbers 

o f   i n d i v i d u a l s   o f   S t a t i o n  3 remained  less   than  ten  up t o  and i n c l u d i n g  
August 9. However, a t   t h i s   t i m e   i n d i v i d u a l s   i n c r e a s e d   t o  37 on 

September 1, where  sediment was composed o f  96.1%  medium coarse  sand  to 

gravel   (300  to   >2360  un) .  The number o f   i n d i v i d u a l s   a t   S t a t i o n  3 on 

September 22 a l so   i nc reased   to  52  where  sediment was composed o f  

app rox ima te l y  89.6% s i 1  t t o   f i n e  sand  (<300 um). Bo th   i nc reases   t o   t he  

D ip te ra   popu la t i on   occu r red   under   two   d i f f e ren t   sed imen t   cond i t i ons .  
On August 9, z e r o   i n d i v i d u a l s  were c o l l e c t e d   a t   S t a t i o n  4 where  sedi-  

ment was composed o f  79.7% coarse   sand  to   g rave l  . Eighteen  (72%)  and 

55 (32%)  i n d i v i d u a l  s were c o l   l e c t e d   a t   S t a t i o n  4 on  September 1 and 22 
r e s p e c t i v e l y .   S e d i m e n t   c o m p o s i t i o n   c o n s i s t e d   o f  97.6%  medium  sand t o  

g r a v e l  (300 t o  >2360 un)  on  September 1 and  93.5% f i n e  sand t o  s i 1  t 

(<75-300 um) on  September 22. 
I n d i v i d u a l s   o f   t h e   o r d e r   P l e c o p t e r a   w e r e   e x t r e m e l y   l o w   i n  

numbers   th roughout   most   o f   the   opera t ing   season,   bu t   inc reased  s l igh t ly  

a t   t h e  end o f   t h e  summer. Because  numbers  were so l o w   a t   t h e   c o n t r o l  

( S t d t i o n  l ) ,  i t  was d i f f i c u l t   t o  draw  any meaningfu l   conc lus ions.  
P e r h a p s   t h e   s i g n i f i c a n t   d i s t u r b a n c e  made upstream  on  Zinc  Creek  the 

y e a r   p r e v i o u s   i n f l u e n c e d   t h e   p o p u l a t i o n ,  as t h i s   o r d e r   i s  dependant on 
abundant  oxygen  supply f o r   i t s   s u r v i v a l  (Pennak,  1978). I n  any case, 

1 ow popu la t i ons  were p r e s e n t   a t   t h e   v e r y   e n d   o f   t h e   o p e r a t i n g  season a t  

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

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

r e s u l t s   a r e   n o t   v e r y   c o r x l u s i v e .  However, there  appears t o  be a s l i g h t  
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decrease i n   t o t a l  numbers o f   t h e   t h r e e   o r d e r s   a t   S t a t i o n  3 d u r i n g  

s l u i c i n g   p e r i o d s   ( s e e   T a b l e  5 ) .  The order   Diptera  appears more 

t o l e r a n t  as shown by the  numbers a t  S t a t i o n s  3 and 4 on  September 1 and 
22. These f i g u r e s  may sugges t   t ha t   D ip te ra   i nd i v idua ls   possess   t he  

a b i l i t y   t o   a d a p t  more e f f e c t i v e l y   t o  a s t ressed and changing  environ- 

men t   c rea ted   f rom  s lu i c ing   ac t i v i t y   t han  the more s e n s i t i v e   i n d i v i d u a l s  

be long ing   to   the   o ther   two  o rders .  
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APPEND I X I I BARLOW PLACER STUDY 

WATER Q U A L I T Y  DATA 

STATION 1 

"_ 
0.2 
0.7 
0.3 
0.1 
0.1 

8 
10 

7 
9 
6 
4 

"_ 
1 1 . 7  
10.1 
10.6 
11.2 
12.0 

"- 
1 1 1  

89  
9 8  
97 
98  

STAT I O N  3 

"_ 
0.2 
1.4 
0.4 
0.2 
0.4 

8 
10 

9 
1 1  

7 
4 

"_ 
10.8 

9.6 
10.1 
10.8 
11.9 

"- 
96 
88 
97 
94 
97 

STATION 4 

0.3 
0.3 
0.9 
0.2 
0.2 
0.2 

7 
1 1  

9 
1 1  

7 
4 

"_ 
10.6 

9.8 
10.0 
10.8 
1 1  .8 

"- 
102 

90 
96  
94 
9 6  

D a t e   s a m p l e d :  

a )  J u n e  26, 1982  d )   A u g u s t  9 ,  1 9 8 2 *  
b )  J u l y  8 ,   1982 e )   S e p t e m b e r  1 ,  1982  
c )  J u  f y  19 ,   1982*  f )  S e p t e m b e r  22 ,   1982 

* A c t i v e   S l u i c i n g  
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APPEND I X  1 I BARLOW PLACER S T U D Y  

WATER QUALITY D A T A  ( C o n t i n u e d )  

S T A T  I ON 

1 
S T A T  I ON 

2 
S T A T  I ON 

4 

" 

" 

0.2 
( 0 .  1 
(0.1 
(0.1 

" 

" 

570 
2065 

40 
142 

" 

40 
5 26 
94 5 
38 
138 

" 

163 
146 
185 
182 
189 

S T A T  I ON 
3 

" 

(0.1 
0.9 

(0.1 
(0. 1 
(0 .1 

" 

" 

1008 
984 
50 

21 1 

" 

20 
1160 
110 
75 

21 1 

" 

155 
140 
190 
185 
208 

PARAMETER 

S e t t l e a b l e  
Sol i d s  

( rnL /L )  

N o n - F i l t e r a b l e  
Res  i due 
W h i t e h o r s e   L a b  

( mg/L 1 

" 

" 

6990 
45  30 

60 
452 

" 

7 
48 
(5 

" 

" 

" 

" 

N o n - F i l t e r a b l e  a 
Res i due b 
V a n c o u v e r   L a b  C 

(mg /L  1 d 
e 
f 

(5 " 

7 I " 

I 

_____+_ + "- 
I48 
103 
131 
183 

F i  l t e r a b l e  a 
R e s i d u e  b 

(rng/L 1 C 

d 

e 

18' I " 

D a t e  samp l e d :  

a )   J u n e  26, 1982 
b )   J u l y  8 ,  1982 
c )  J u l y  19,  1982* 

d )  A u g u s t  9, l982* 
e )   S e p t e m b e r  1 ,  1982 
f )  S e p t e m b e r  22, 1982 

* A c t i v e   S l u i c i n g  
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APPEND I X I I 

PARAMETER 

PH 
I n   S i t u  

PH 
L a b o r a t o r y  

C o n d u c t  i v i  t y  
I n  S i t u  
( u m h o s / c m )  

I 

C o n d u c t i v i t y  
L a b o r a t o r y  
( u m h o s / c m )  

D a t e   s a m p l e d :  

BARLOW PLACER STUDY 
WATER Q U A L I T Y  D A T A  ( C o n t i n u e d )  

1 STATION 

7.8 
b /  C _ _  
d 8.4 
e 
f 8 - 0  

" 

l-tT7 
7.7 

C I 6.7 
d 8.1 
e 7 e 6  

f 7.7 

a 1 1 0 5  
b 1 3 5  
C 8 0  
d 1 5 2  
e 1 5 8  
f 1 4 3  

1 2 5  
1 8 7  
2 6  0 
2 7 0  

a )   J u n e  2 6 ,   1 9 8 2  
b )  J u l y  8 ,  1 9 8 2  
c )  J u l y  19,  1 9 8 2 *  

* A c t i v e   S l u i c i n g  

STAT I ON 

2 

" 

7.4 
" 

7.9 
6.9 
7.9 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

STAT I O N  

3 

" 

7.8 
7.8 
8 . 2  
7.1 
7 - 8  

" 

7 e 8  

6.7 
7 e 6  
7 - 6  
7.7 

108  
1 4 0  

8 2  
1 5 8  
160  
1 6 2  

" 

2 1 3  
1 2 4  
2 3 1  
2 5 5  
27 0 

d )   A u g u s t  9, 1 9 8 2 *  
e )   S e p t e m b e r  1 ,  1 9 8 2  
f )  S e p t e m b e r  2 2 ,   1 9 8 2  

STAT I O N  
4 

" 

7 . 1  
7.3 
7.9 
7.5 
" 

" 

7.8 
6.7 
7 - 6  
7.6 
7.7 

1 0 2  
1 5 0  

8 0  
1 5 7  
1 6 3  
1 5 3  

" 

2 1 6  
1 2 1  
2 3 9  
2 6  0 
27 0 
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I 

U 

I 

n 

I 

Y 

APPENDIX I I 

PARAMETER 

Co l our 
( c o  l o u r  

un  i t s  1 

T u r b i d i t y  
( F T U )  

T o t a  I 
A l k a l i n i t y  

( m g / L   a s  
C a C 0 3 )  

T o t a  1 
H a r d n e s s  

( m g / L   a s  
CaC03 1 

BARLOW PLACER STUDY 
WATER Q U A L I T Y   D A T A   ( C o n t i n u e d )  

S T A T i  ON 1 

b 
C 

5 f 
5 e 
7 d 

65 

C 

CO.1 f 
<o. 1 e 
0.1 d 
2.9 

a 
b 

34 .o C 

54.0 

62 e 0  f 
62 - 0  e 
48 - 0  d 

" 

I 
" 

76.6 

STATION 3 

" 

15 
> l o o  

t 
20 
5 

" 

10.0 
800 
1280 

30 -0 
180 

" 

52 - 0  
34 e 0  

52 - 0  
61 - 0  
62 e 0  

" 

99.1 
195 
21 4 
129 
94 - 0  

STATION 4 

" 

15 
>loo 

t 

10 
5 

" 

13.5 
600 
1200 

10.8 
95 .o 

" 

54.0 
34 - 0  
56.0 
61 -0 
62 - 0  

" 

106 
130 
150 
126 
1 3 3  

D a t e   s a m p l e d :  

a )   J u n e  26,  1982 d )   A u g u s t  9, 1982' 
b )   J u l y  8,  1982 e )   S e p t e m b e r  1 ,  1982 
c )   J u l y  19, 1982* f ) S e p t e m b e r  22, 1982 

t C o u l d   n o t   r e m o v e   a l l   t u r b i d i t y   f r o m   s a m p l e ;   t h e r e f o r e  a l l  c o l o u r  
u n i t s  w i l l  b e   f a l s e l y   h i g h  

* A c t i v e   S l u i c i n g  
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APPEND I X I I 

PARAMETER 

~~ ~~ 

T o t a  I 
P 0 4 - P  

(mg /L  1 

- 
a 

b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 

BARLOW PLACER S T U D Y  

WATER QUALITY D A T A  ( C o n t i n u e d )  

S T A T I O N  1 

" - 
< 0 . 0 0 5  

0.057 
< 0 * 0 0 5  

0 .008  
0 e005 

"- 
< 0 . 0 0 5  

0 . 0 0 8  
< 0 . 0 0 5  
< 0 . 0 0 5  
( 0 . 0 0 5  

"- 
0.07 
0.01 
0.05 
0.04 
0.09 

"- 
< O  - 0 0 5  

0.071 
< 0 * 0 0 5  
< 0 . 0 0 5  
< 0 . 0 0 5  

STATION 3 

"- 
0 . 0 2 0  
0.920 
1 .05 
0.033 
0.225 

"- 
0.007 
0.037 
0.034 
0 . 0 0 8  

< O  . 0 0 5  

" - 
0 . 0 5  
0 . 0 3  
0.04 
0.03 
0.1 1 

" - 
0 . 0 0 5  
0.083 
0.072 
0.01 1 
0 .010 

S T A T I O N  4 

"- 
0 .030  
0.510 
1 . o o  
0.021 
0 .145  

"- 
0 . 0 0 8  
0 - 0 3  1 
0 034 

< 0 . 0 0 5  
<Om005 

-" 
0.05 
0 . 0 5  
0.04 
0.04 
0 . 1 0  

-" 
0 . 0 0 6  
0 . 0 6 0  
0 . 0 5 6  
0 . 0 0 5  
0.01 1 

D a t e   s a m p l e d :  

a )  J u n e  26,   1982 d )   A u g u s t  9 ,  1982' 
b )  J u l y  8,  1982 e )   S e p t e m b e r  1 ,  1982 
c )   J u l y  19 ,   1982*  f )  S e p t e m b e r  22,   1982 

t A I 1  v a l u e s  f o r  u n - i o n i z e d  N H 3 - N  a r e   l e s s   t h a n  0 . 0 2  mg/L 

* A c t i v e   S l u i c i n g  

II 

L 
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APPEND I X  I I 

PARAMETER 

C 1  
( m g / L )  

A 1  
( mg /L  1 

D a t e  s a m p   l e d :  

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 

C 

d 

e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 

e 
f 

- 

BARLOW PLACER S T U D Y  
WATER Q U A L I T Y   D A T A   ( C o n t i n u e d )  

STATION 1 STATION 3 

" - " - 
6 2   - 5  

71 e5 66.5 
6 2  e5 62.5 
54.0 42.0 
26 1 25 - 4  
55.5 

"- "- 
(0.5 

0.6 0 e6 
0.9 0.6 
3.0 (0.5 
6.6 1 .o 
0.5 

-" -" 
(0.03 

(0.03  <0.03 
(0.03 ( 0  e03 
<Os03 (0.03 
<Os03  <Os03 
C0.03 

" - -" 
(0.05 

0.42 (0.05 
0 -60 0.24 
8.07 c0.05 

11.2 0.92 
0.25 

STATION 4 

"- 
54.5 
25 - 7  
55.0 
63   -5  
72 e 0  

-" 
0.5 
4 - 6  
2.3 
0.7 
0.6 

" - 
(0.03 
<0.03 
( 0  - 0 3  
(0.03 
<0.03 

"- 
0.48 
6.24 
3.95 
0.36 
0.96 

a )  J u n e  26 ,   1982 d )  A u g u s t  9, 1 9 8 2 *  
b )  J u l y  8,   1982 e )   S e p t e m b e r  1 ,  1982  
c )  J u l y  19 ,   1982*  f )  S e p t e m b e r  22 ,   1982 

* A c t i v e   S l u i c i n g  
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APPEND I X I I 

PARAMETER 

As  
( r n g / L )  

B a  
( m g / L )  

B e  
( rng/L ) 

Ca 
( rng/L 1 

D a t e  samP I e d :  

- 

- 
a 
b 
C 

d 

e 
f 

- 
a 
b 
C 

d 
e 
f 

a 
b 
C 

d 
e 
f 

- 
8 

b 
C 

d 
e 
f 

- 

BARLOW PLACER STUDY 
WATER Q U A L I T Y   D A T A   ( C o n t i n u e d )  

STATION 1 

"_ 
<0 .0005 
<0.0005 
( 0  - 0 0 0 5  
<0.0005 
<0.0005 

"_ 
0 - 0 3 3  
0.046 
0 - 0 3 4  
0 - 0 4 2  
0.01 8 

"- 
<0.001 
(0.001 
<0.001 
<o  .oo 1 
< o  .oo 1 

"- 
25 . 3  
14.2 
28 .o 
31 - 4  
19.9 

STATION 3 

"_ 
( 0  - 0 0 0 5  

0 - 0 0 4 3  
0 .0026 
0 .00072 
0.0021 

"_ 
0.041 
0 .440 
0.497 
0.057 
0.052 

-" 
(0 .001 
<0 .001  
< o  .oo 1 
(0.001 
<0.001 

"_ 
24.6 
19.8 
32.0 
31 .5 
23.3 

STATION 4 

"- 
0.0015 
0.0026 
0.0022 

<0.0005 
0.0022 

"- 
0.063 
0 . 2 4 4  
0 - 3 3 9  
0 - 0 4 8  
0.072 

"_ 
(0.001 
<0.001 
<0.001 
<0.001 
(0.001 

"_ 
25.9 
16.4 
27 - 2  
31 - 4  
31 - 7  

a )  J u n e  26,  1982 d )  A u g u s t  9 ,  1 9 8 2 *  
b )  J u l y  8, 1982  e )   S e p t e m b e r  1 ,  1982  
c )   J u l y  19, 1 9 8 2 *  f ) S e p t e m b e r  22,   1982 

* A c t i v e   S l u i c i n g  

m 

u 

Yi 

Ir 

U I  

I 

Y 

I r  
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I 

4 

'I 

APPEND I X I I BARLOW PLACER S T U D Y  
WATER QUAL. I TY DATA ( C o n t  i n u e d )  

STATION 4 

<0.0005 
<0.0005 
< O  0005 
<0.0005 
< O  - 0 0 0 5  

<0.005 
0.022 
0.023 

CO.005 
<Om005 

-" 
< O  -005 
0.010 

<0.005 
<0.005 
< 0 . 0 0 5  

"- 
0 e 0 0 6  
0 e030 
0 -025 
0.002 
0.007 

D a t e   s a m p l e d :  

a )  J u n e  26 ,  1982 
b )   J u l y  8,  1982 
c )   J u l y  19,  1982* 

A c t i v e   S l u i c i n g  

d )   A u g u s t  9, 1982* 
e) S e p t e m b e r  1 ,  1982 
f 1 S e p t e m b e r  22, 1982 
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APPEND I X I 1 BARLOW PLACER STUDY 
WATER QUALITY  DATA ( C o n t i n u e d )  

D a t e  samp I e d  : I 
a )  J u n e  2 6 ,   1 9 8 2  d )   A u g u s t  9 ,  1 9 8 2 "  
b )   J u l y  8 ,   1 9 8 2  e )   S e p t e m b e r  1 ,  1 9 8 2  
c )   J u l y  1 9 ,   1 9 8 2 "  f 1 S e p t e m b e r  2 2 ,   1 9 8 2  

* A c t i v e   S l u i c i n g  



APPEND I X I I 

PARAMETER 

Mn 

( m g / L )  

M O  

(mg/L  ) 

Na 
(mg/L  1 

D a t e  samp I e d  : 

- 81 - 

BARLOW PLACER S T U D Y  
WATER QUALITY D A T A  ( C o n t i n u e d )  

STATION 1 

a 
b 

0.139 C 

0.022 

( 0  .oo 1 f 
(0.001 e 

0.023 d 

" - 

a 
b ( 0 . 0 0 5  

"_ 
C ' ( 0 . 0 0 5  
d 

<0 .005  f 
( 0  - 0 0 5  e 
( 0  005 

a 

b 
1.3 C 

3.0 

2.3 f 
3.3 e 
3.0 d 

"_ 

a 
b 

(0.02 C 

(0.02 

(0.02 f 
(0.02 e 
(0.02 d 

"_ 

a )  J u n e  26 ,   1982 
b )  J u l y  8 ,  1982 
c )  J u l y  19 ,   1982*  

S T A T I O N  3 S T A T I O N  4 

_" "_ 
0 - 0 4 6  
1.47 

0.089 

0.046 
(0.001  0.016 

1.80 2 - 6 0  
0.874 

0 - 0 7 4  

-" "_ 
< O m 0 0 5  
<0.005 

< 0 . 0 0 5  

( 0 . 0 0 5  ( 0   - 0 0 5  
( 0 . 0 0 5  < 0 . 0 0 5  
( 0  0 0 5  

( 0 . 0 0 5  ( 0 . 0 0 5  

"_ "_ 
2.9 
3.1 

3.0 

3.4 3.4 
2.8 3.2 
3 e 0  

3.4 2.6 

"- "- 
(0.02 

(0.02 0 . 0 3  
0.03  0.04 

C0.02 

(0.02 (0.02 
(0.02 <0.02 

d )   A u g u s t  9,  1 9 8 2 *  
e )   S e p t e m b e r  1 ,  1982  
f )  S e p t e m b e r  22 ,   1982  

* A c t i v e   S l u i c i n g  
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APPEND I X I I 

PARAMETER 

Pb  
( m g / L )  

Sb 
( m g / L )  

Se  
( m g / L  1 

- 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 

BARLOW PLACER STUDY 

WATER Q U A L I T Y  DATA ( C o n t i n u e d )  

STATION 1 

"_ 
(0.001 

0.001 
(0 .001  

(0 .001 
( 0  .oo 1 

"- 
(0.05 
(0.05 
( 0  - 0 5  
( 0 .  0 5  
( 0  05 

"_ 
(0.05 
(0.05 
( 0  .05 
c 0 . 0 5  
( 0 . 0 5  

"_ 
4.2 
3.2 
3.7 
4.4 
4.5 

STATION 3 

"_ 
(0.001 

0.01 7 
0 .016 

(0 .001 
0.002 

"- 
( 0  - 0 5  
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  

( 0  - 0 5  

"_ 
( 0 . 0 5  
(0 .05  
( 0 . 0 5  
(0.05 
(0.05 

"- 
4.4 
3.9 
4 e6 
4 .5  
4.6 

STATION 4 

"_ 
(0.001 

0.009 
0.016 
0.050 
0.002 

"- 
C 0 . 0 5  
(0.05 
( 0 . 0 5  
( 0 . 0 5  

(0.05 

-" 
( 0 . 0 5  
(0.05 
(0.05 
( 0 . 0 5  
( 0  - 0 5  

"_ 
4.3 
3.7 
4.6 
4.4 
4.5 

D a t e  samp I e d  : 

a )  J u n e  26,  1982 d )   A u g u s t  9,  1 9 8 2 *  
b )   J u l y  8 ,   1982 e )   S e p t e m b e r  1 ,  1 9 8 2  
c )  J u l y  1 9 ,   1 9 8 2 *  f )  S e p t e m b e r  22,  1982 

A c t i v e   S l u i c i n g  
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I 

APPENDIX I I  

PARAMETER 

Sn 
( m g / L )  

S r  
( m g / L )  

T i  
( m g / L  1 

D a t e   s a m p l e d :  

- 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

a 
b 
C 

d 
e 
f 

- 

BARLOW PLACER S T U D Y  
WATER QUALITY D A T A  ( C o n t i n u e d )  

S T A T I O N  1 

"- 
(0.01 
(0.01 
(0.01 
(0.01 
co.01 

"- 
0.149 
0 e 0 8 4  
0.167 
0.184 
0.1 18 

"- 
(0 .002 

0 - 0 0 4  
c o . 0 0 2  
(0 .002  
(0.002 

"- 
(0.01 
co.01 
(0.01 
<o  .01 
(0.01 

a )   J u n e  2 6 ,  1982  
b )  Ju1.y 8, 1982  
c )  J u l y  1 9 ,   1 9 8 2 *  

STATION 3 

"- 
(0.01 
(0.01 
(0.01 
(0.01 
(0.01 

"- 
0.142 
0.133 
0 208 
0.185 
0.140 

"- 
0 -005 
0.036 
0.026 
0 - 0 0 4  

(0 .002 

"- 
(0.01 

0.03  
0.03 

(0.01 
(0.01 

STAT1 ON 4 

"- 
(0.01 
(0.01 
(0.01 
(0.01 
(0.01 

-" 
0.1 52 
0.106 
0.172 
0.184 
0.191 

"- 
0.010 
0.024 
0.017 

(0 .002 
0 e006 

"- 
co.01 

0.01 
0.02 

(0.01 
( 0  .o 1 

d )   A u g u s t  9 ,  1 9 8 2 *  
e )   S e p t e m b e r  1 ,  1 9 8 2  
f ) S e p t e m b e r  2 2 ,   1 9 8 2  

* A c t i v e   S l u i c i n g  
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APPEND I X I I 

- 
a 
b 
C 

d 
e 
f 

- 

BARLOW  PLACER STUDY 

WATER Q U A L I T Y  D A T A   ( C o n t i n u e d )  

S T A T I O N  1 

"- 
0.01 1 

. 0.024 
C O  . 002  
( 0 . 0 0 2  
< o  . 002  

S T A T I O N  3 

"_ 
0.015 
0.1 1 1  
0.076 

<0.002 
0 005 

S T A T I O N  4 

"- 
0.015 
0.069 
0.044 

<0.002 
0.01 2 

d )  A u g u s t  9, 1 9 8 2 *  
e )  S e p t e m b e r  1 ,  1 9 8 2  
f )  S e p t e m b e r  2 2 ,  1982  

Y 

w 

m 



a 
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APPENDIX I I I 

SEDIMENT DATA 
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m t 
I ? ? ? ? ?  
I O N W O -  

- m  

II 

e. 

MI i 

I ? ? a ? ? ?  
I r - N O O -  

m -  

" C  

I L n q u ) o -  
I " G b b  

m n m - r l  
. . .  

t 

I 7 ? ? ? 7  
I l n O b N -  

" C  

I ? ? 7 P ?  
I o - b b b  

N " 

I ? ? ? ? ?  
I c n o o o m  

rl Q b  

I N N r - l n N  
I . . . . .  
I r n O N O Q  

N r - b  

\ D W E , O \ - N  
N O  O O N  

W N  
I - w  a m  

N 

I 

c 

7 

I 

C 
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I D 
C 

v, 
n 

E .- 
LL 

- 
D 
C 
4 
v) 

3 
L 
4 

0 
0 

D 

I 
a, 

- 
D 
t 

v) 
Lo 

a, 
L 
@I 

4 
0 
0 

z 
ki 
> 

I 

c 

0 0  

I P - N O W b )  
.o a3 

I ? ? ? ? ?  - 
-I 
W 

4 
I- 

m 

w N '  
I- m '  

N 

I 

M 

M 
I 

M 
Z 
I - M  
v, 
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M 

E 

I I I ? ? ?  
I I I Q - N  

4 

1 1 1  

I I I o m 0  
I I I ? - ; ?  - 

I 1  1 4 "  
I l l  . .  
I I 1 0 - 0  

.- 

I 

a m 0 I  
N O -  

ol-h( 
O O N  

Q W 0 0 \ - N  
N O - O O N  

\ O W ~ f O " N  
N O  O O N  

W c 
4 
0 

0 2 . 2 . 4 - t  

2 p /  c 

I 

W 5 2  
z 
b - Q  

Fl 

I 

ct 
I 
I 

N 

I 

W v, 
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I 

I 

Q 

V 

I 

n 
I 

W 
N 

c 

N 
N I  

I N  

$ -  

e -  
n 
m 
t 

(n 

n 
I 

c 

I 
c 

c 

I - 

n 
I 
c 

c 

I 
7 

.. - 
W I -  

n c n  
2 2  

- N 

c N 

nI-Y)N n w - \ o  - 0 Y) 0 N 

m o  N m o w n  - Y) 0 I- 15 

9 -  N 
n . .  . ? 7 ? t  7 ? 

n 0 I n I n N 0 0 0 m - N  
v o  
W - 0  

N 15 

O I n O O ~ Y ) w O N - w - n  
w r - ' 0  N y v N I n N m  

m n I- n Y) N n 

W O - N  ncV9Lp- In . . . .  . . . .  9 I n O I n 9 Y ) O O O 1 5 ~ ~ O O w g - O O w I - I n o N I - Y ) ~ 1 5  4 2 2 
0 9 Y I ' _ o ' O  I n V . - " 9  v 1 5  n 

I- 

w v - v  
w m n - 9  
N 9 n N - 



n 
I 
n 

n 

0 
t 
E -  
v) 

I 
n 

n 
I 

I 
n 

n 
I 

n 

I 

n 

n 
I 
n 

- 
I 
n 

n 
I 
n 

- 
I 
n 

- 90- 

c 

u 

m 
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I 

I 

L 

I 

m 

a 

m 

d 

m 

I 

d 

m 
I 

N d  
a2 m 
4 

a 4: 
4 

I 

d 

m 
I 

I 

d 

m 
I 

d 

I 

d 

z .. .. 9 

. .  . .. 
h 

I I I I I I I I I I I I I I I I I I I I I I I I I I I  
1 1 1 1 1 1 1 1 1 1 1 l I I I I I I I I I I I I I I I  

1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 I  I I I I I I I I I I I  
I I I I I I I I I I I I I I I  I I I I I I I  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I l I I I I I  
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APPEFIDIX IV 

BOTTOM FAUNA DATA 
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APPEND I X I V TABLE 1 BOTTOM  FAUNA T A X O N O M I C  GROUPS 
F O U N D  I N  BARLOW CREEK 

P h y  I urn: A n n e  I i d a  

1 .  

2.  

3 .  
4 .  
5. 

7. 

8. 

9 .  

10. 

1 1 .  
1 2 .  

Farn i  l y :  

C l a s s :  
O r  d e r  : 
F a m i l y :  

O l i g o c h a e t a  
L u m b r i c u l i d a  
L u m b r i c u l i d a e  
K i n c a i d i a n a   h e x a t h e c a  

O r  d e r  : 
F a m i  I y :  

H a p l o t a x i d a  
E n c h y t r a e i d a e  

Farn i  l y :  

C l a s s :  

T u b i f i c i d a e  
T e l m a t o d r i l u s   s p .  
T u b i f e x  s p .  
I I y o d r  i I u s  s p .  

H i r u d i n a e  

P h y  1 urn: 

C l a s s :  
O r d e r :  

O r d e r :  

C l a s s :  
O r  d e r  : 

Fam i I y :  

F a m i  I y :  

A n t h r o p o d a  

A r a c h   n o  i d a e  
A c a r i  

A r a c h n i d a  

I n s e c t a  
P l e c o p t e r a  
S u b i r n a g o  
Capn  i i d a e  
C a p n i a   s p .  

C h l o r o p e r l i n a e  
A I  l o p e r l a  s p .  
U t a p e r  I a s p .  

N e m o u r i d a e  

Y 

m 

I 

I 
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I APPEND I X I V T A B L E  1 BOTTOM  FAUNA TAXONOMIC GROUPS 
FOUNO I N  BARLOW CREEK ( C o n t i n u e d )  

I 

rr 

J 

Y 

UI 

m 

!- 

1 3 .  

1 4 .  
1 5 .  
16.  
1 7 .  
1 8 .  

1 9 .  
20 .  

2 1 .  
2 2 .  

2 3  

2 4  
2 5 .  

2 6  
2 7 .  
2 8  
2 9 .  
3 0 .  
3 1 .  
3 2  
3 3 .  
3 4 .  
3 5 .  

P o d m o s t a  s p .  

F a m i l y :   P e r l o d i d a e  
A r c y n o p t e r y x   s p .  

" 

C u l t u s   s p .  
M e g a r   c y s   s p .  
S k w a l a  sp .  
u n i d .   d a m .  

O r  d e r  : E p h e m e r o p t e r a  
F a m i  I y :  B a e t  i d a e  

A m e l e t u s   s p .  
B a e t i s   s p .  
" 

F a m i  l y :  H e p t a g e n i i d a e  
C i n y g m u l a   s p .  
E p e o r u s   s p .  

F a m i l y :   S i p h l o n u r i d a e  
S i p h l o n u r u s   s p .  

O r  d e r  : T r  i c b o p t e r a  
L i m n e p h i l i d a e  
C I o s t o e c a   s p .  
E c c l i s o m y a   s p .  
" 

O r  d e r  : D i p t e r a  
F a m i  I y :  C h i r o n o m i d a e  

C h i r o n o m i d a e   a d u l t  
C h i r o n o m i d a e   p u p a e  
B r i  I I i a   s p .  
C a r d i o c l a d i u s   s p .  
C r i c o t o p u s   s p .  
D i p l o c l a d i u s  s p .  
E p o i c o c l a d i u s   s p .  
E u k i e f f e r i e l l a   s p .  
H e t e r o t r i s s o c l a d i u s   s p .  
O r t h o c l a d i u s  s p .  

" 

S u b f a m i l v :   D i a m e s i n a e  
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APPEND I X I V TABLE 1 BOTTOM  FAUNA  TAXONOMIC GROUPS 
FOUND I N  BARLOW CREEK ( C o n t i n u e d )  

3 6  
3 7 .  
3 8 .  

39. 

4 0  - 

4 1  - 
4 2 .  

4 3 .  
44. 

D i amesa  S D .  

M o n o d  i a m e s a   s p .  
F a m i  I y :  P s e u d o d  i amesa  s p  . 
F a m i   l y :   C u t   i c i d a e  

F a m i l y :  Emp i d i d a e  
C h e l   i f e r a  sp .  

F a m i  l y :  S i m u  1 i d a e  
P r o s i m u l i u m  s p .  
M e t a c n e p h  i a sp 

F a m i l y :   T i p u l   i d a e  
E r i o p t e r a   s p .  
T i p u l a  s p .  

O r d e r :  I i o m o p t e r a  
F a m i l y :  Aph i d  i d a e  

Y 

I 
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I 

I 

Y 

a 

L 

0 

V 

N I  
M 

m -  
\ 
0 
N N  " l I n l l 1 1 1 l ~ b ~ l - l l l l l 1 1 1 1 1  

a -  
C 
3 
7 -  - l r n l l l l l l b N ~ I I I I I I I I I I I  

x x x x x x x x x x x x x x x x x x x x x x x  

I M - 
I -3 - - 
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