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An assessment of water qua l i ty  and biological  conditions a t  a 
placer go1 d mine s i t e  on Litt le Go1 d Creek was carried o u t  during the 
period June t o  September, 1982. The water q u a l i t y ,  sediment and bottom 
fauna characteristics were  documented a t  five sample stations. 

Water qual i ty  parameters were seen t o  be dramatically 
influenced by activity a t  the  placer mine. During periods of sluicing 
activity elevated values were observed a t  downstream stations for 
suspended sediments (NFR) , settleable solids, filterable  residue, 
t u r b i d i t y ,  and the extractable heavy metals. Dissolved oxygen levels 
and  pH values were  lower a t  downstream locations dur ing  sluicing. 

Sediment composition of the stream bottom was seen t o  increase 
i n  percent of fine sands, si1 t s  and a t  downstream locat ions during 
sluicing. These fine sediments were seen t o  have  lower extractable 
heavy  metal values than the more coarse sediments of the control 
station. This was a t t r i b u t e d  t o  the larger, and heavier metal bearing 
particles being deposited i n  the settling pond system. Stream bottom 
composition was observed t o  return t o  a composition more typical of the 
control station  after extended periods of no sluicing a c t i v i t y .  

Bottom fauna abundance and diversity was determined. 
Diversity  indices  indicate t h a t  stations subjected t o  the  influence of 
the  placer mine activity had 1 ower diversity and fewer  organisms t h a n  
t h e   c o n t r o l .  The composition o f  benth ic   inver tebra tes  changed f rom a 

community  dominated by members o f  the Ephemeroptera and Plecoptera a t  
the control station t o  a community dominated by members o f  the Diptera 
a t  stations  subject t o  the influence of the placer mining a c t i v i t y .  



RESUME 

Une 6valuation de la qualite' e t  des conditions biologiques de 
l 'eau d'une exploitation  d'extraction  d'or, a eu lieu sur le  Lit t le 
Gold Creek, Territoire du Yukon, du ran t  l a  p6riode de j u i n  a' septembre 
1982. La q u a l i t 6  de l'eau,  les  caract6ristiques des  sgdiments e t  de l a  
faune benthique o n t  &e' analys6es a' cinq stations d'6chantillonnage. 

Les diff6rents paramiitres de qual i  te' des  eaux,  semblent 
profondhent influence's par 1 ' a c t i v i  te' de 1 ' expl oi t a t i o n  du "placer" . 
Durant l a  pei-iode de "sluici ng" des hausses de l a  quant i  te' de sol ides 
en suspension, solides sel'dimentables, rgsidus f i l  trables, t u r b i d i t e  e t  
mgtaux 1 ourds extractables, o n t  6te '  observe'es aux poi nts 
d'e'chantil lonnage en aval de 1 'exploitation. Les niveaux  d'oxyggne 
dissous e t  de pH furent plus bas, a' ces meme points,  i l a  @me periode. 

I1 semble y avoi r une augmentation du pourcentage de sable 
f ins   e t  de si1 t s  dans l a  composition  des  s'ediments en aval des 
ope'rations minisres. Ces sgdiments fins semblement avoir une plus 
faible valeur en &taux lourds extractables que les sgdiments plus 
grossiers de l a  station de contrzle. Ceci s'explique par l a  
s6dimentation des particules plus  grosses e t  porteuses de k t a u x  lourds 
1 ors de leur passage dans l e  bassin de d6canta t ion .  I1 a 6te' observ6 
que l a  cornposition du fond du ru isseau   tend  ?I retourner a une 
composition plus  typique, ressernblant a' l a  s t a t i o n  de contr6le,  aprss 
une pe'riode pro1 onge'e  exempte d '  a c t iv i  te's m i  nisres. 

L'abondance e t  l a  diversite' de l a  faune  benthique o n t  6te' 
de'termi  n'ees.  Les stations  sujettes 'a 1 'influence des activit6s 
d'extraction d ' o r  pre'sentant des indices de diversite' plus faibles  et  
une  abondance re'duite comparativernent a' l a  station de contrale. La 
composition des  organismes benthiques change d '  une communautc dorni n e 6  
par des  Eph6m6roptSres e t  Ple'coptsres, ?i l a  station de contro^le, pour 
u n  communaute'  domine'e par  des Diptsres aux stations  sujettes 
1 ' i nfl uence  des ac t iv i  te's de 1 ' expl oi  t a t i o n  du " p l  acer'' . 
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The Environmental Protection Service conducted a study of 
water qua l i ty ,  sediment  composition and bottom fauna i n  the watershed 
of Lit t le Go1 d Creek i n  the  Sixty Mil e River area  (Figure 1) The 
information derived from the study enables the assessment of the 
q u a l i t y  of the stream i n  the v i c i n i t y  of a placer m i n i n g  operation. 
Sampling occurred on six  separate  dates i n  1982: June 26, Ju ly  7, Ju ly  
20, August 10, September 2 and September 23. 

1 .I Background 
Gold was discovered i n  the S ix ty  Mile River district  i n  1892, 

four years  before  the Klondike Gold Rush.  The major discovery was 
found by C. Miller on Miller Creek, and subsequent discoveries were 
made a t  Glacier Creek and Big Go1 d Creek (Sabina 1979). Aside from the 
Forty Mile River district  gold  rush, the Six ty  Mile River goldfields 
were the second  major go1 d discovery i n  the Yukon a t  this time. 

In the  early days, Little Gold Creek  was extensively 
prospected b u t  was generally considered too  poor t o  work. The g o l d  was 
distributed uniformly i n  a narrow and continuous streak, which  was 
nowhere  very rich. Heavy boulders made successful mining there 
d i f f i c u l t  (Cockfield 1921). 

According t o  min ing  records for  the Sixty Mile River 
d i s t r i c t ,  some o f  the i n d i v i d u a l s  who s taked  and worked various claims 
on the property o f  Litt le Gold Creek  were: D.W. McLeod 1920-1923, F. 
Hurst 1919-1920, J . J .  Biebold 1920-1921, William A .  Williams 1933, J.E. 

Clark representing Terra Mines L t d .  1953-1956. Most recently, however, 
was a company w i t h  an extensive  operation on Litt le Go1 d Creek, 
downstream of the present  study, dur ing  the 1980-1981 season. 
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LOCATION  MAP 

FIGURE I LOCATION OF LITTLE GOLD CREEK STUDY AREA 
I 
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2 STUDY AREA 

The min ing   opera t ion  on L i t t l e  Gold  Creek i s   l o c a t e d  40 a i r  
m i l es   wes t   o f  Dawson City a t  64"05'N,  140"50'W. It i s  connected  by an 

access  road  which  leaves  the  S ix ty   Mi le  Highway a t  km 84 wes t   o f  Dawson 

Ci ty (see  F igure   1 ) .  

, The  access  road, much of   which i s  above t r e e   l i n e  1 i e s  on the  
c r e s t   o f  a long  f la t - topped  r idge   wh ich   separa tes   the  Yukon R i v e r  and 
F o r t y  Mil e R i v e r   t o   t h e   n o r t h   f r o m  Swede Creek  and the Sixty Mil e R i v e r  

t o   t h e   s o u t h .  The r i d g e s   a r e   o f   f a i r l y   u n i f o r m   e l e v a t i o n  and a re  

d i s s e c t e d   i n t o  a maze o f  deep, gent ly   curved,  V-shaped v a l l e y s  whose 

f l  oors  are 450-900 m bel  ow the   c res ts   (Sab i  na 1979). 
L i t t l e  Go1 d  Creek i s  a 9.5 km l o n g   t r i b u t a r y   o f   B i g   G o l d  

Creek,  which i n   t u r n   i s  a t r i b u t a r y   o f   t h e   S i x t y   M i l e   R i v e r   ( F i g u r e   2 ) .  

The e leva t ion   o f   the   p roper ty   ranges  from 810 m a t   t h e   b o t t o m   t o  860 m 

a t   t h e   t o p   o f   t h e   s t u d y  area. 
Sampl ing  stat ions were se lec ted   to   inc lude;  an upstream 

c o n t r o l ,   s l u i c e  box e f f l u e n t  , f i n a l   s e t t l i n g  pond e f f l u e n t ,  and two 

s i tes  severa l   hundred  metres downstream, ( see F i g u r e   2 ) .  The sample 

s i t e s   a r e   d e s c r i b e d   i n   T a b l e  1 and i l l u s t r a t e d   i n  photographs,  Figures 

3 t o  12. 

2 .1   Desc r ip t i on  
Dur ing   t he   pe r iod   o f   s tudy ,  a three-man  placer  mining 

opera t i on  was working  the  upper  reaches  of L i t t l e  Gold  Creek on claims 
13800-13820. I n  1982 the  company opera ted   w i th  a  Water Use Au tho r i t a -  

t i o n  under  the  Northern  In land  Waters  Act  (NIWA). The A u t h o r i z a t i o n  

was f o r  200-450 l i t r e s   p e r  day (45-100 IGPD) f o r   t h e  camp and 9000 
l i t r e s   p e r   m i n u t e  (2000 IGPM) f o r   t h e   m i n i n g   o p e r a t i o n   d u r i n g   s l u i c i n g  

hours.  Water  used f o r   s l u i c i n g   o p e r a t i o n s  was d ischarged  to  two 
s e t t l i n g  ponds  and e v e n t u a l l y   t o   L i t t l e   G o l d   C r e e k .  
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FIGURE 2 -  LITTLE GOLD CREEK 
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FIGURE 3 OVERVIEW OF PLACER  MINING  OPERATION  AT  LITTLE  GOLD CREEK. 
JUNE 25, 1982. 
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FIGURE 4 FIRST  SETTLING  POND.  NOTE  CREEK  DIVERSION ON THE  EXTREME 
UPPER  LEFT  SIDE  OF  PHOTO. 
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F I G U R E  5 DOWNSTREAM VIEW OF L I T T L E  GOLD  CREEK  VALLEY.   NOTE  STRIPPED 
AREA  WITH  PAYDIRT IN THE  CENTRE  OF   THE PHOTO READY T O   B E  
S L U I C E D .   J U L Y  7 ,  1982. 

F I G U R E  6 DOWNSTREW)  VIEW  OF  LITTLE  GOLD  CREEK.   OVERVIEW  OF  THE 
VALLEY  NEAR  THE  END  OF  THE  OPERATING  SEASON.  SEPTEMBER 2 ,  
1982. 
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FIGURE 7 STATION 1 . CONTROL  STATION,  LOCATED I N  AN  UNDISTURBED 

SECTION OF LITTLE GOLD CREEK. UPSTREAM OF THE PLACER  MJNING 
OPERATION.  SEPTEMBER 2, 1982. 
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FIGURE 8 STATION 1. RELOCATED 70 m UPSTREAM  FROM THE ORIGINAL 
STATION  SITE  DUE  TO  DISTURBANCE TO THE  STREAM  BED. 
SEPTEMBER 23, 1982. 
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FIGURE 9 STATION 2 .  SAMPLING  MINING  EFFLUENT BEFORE  REACHING  THE 

F IRST  SETTL ING POND. VIEW DOWNSTREAM. 
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FIGURE 10 STATION 3. LOCATED I N  THE  EFFLUENT  DISCHARGE CtlANNEL OF  THE 
SECOND  SETTLING  POND. 
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FIGURE 11 STATION 4. LITTLE  GOLD  CREEK, 300 m DOWNSTREAM FROM 
STATION 3. 
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FIGURE 12 STATION 5. LITTLE  GOLD  CREEK, 1.1 km DOWNSTREAM  FROM 
STATION 4. VIEW  DOWNSTREAM. 
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The  method o f   m i n i n g   i n v o l v e d   s t r i p p i n g   o v e r b u r d e n  and 

s t o r i n g  it a1 ong  the edge o f   t h e  Va l  ley,   removing and s t o c k p i l   i n g  pay- 
d i r t   f o r   s l u i c i n g  and feeding  the  paydi  r t  th rough   the   s lu i ce  box. The 

equipment on s i t e   c o n s i s t e d   o f  a c r a w l e r   t r a c t o r  (D8 Cat) ,  a f r o n t  end 

loader  (John  Deere Model A 448) , a three  channel Ross s l u i c e  box  (Model 
200) and a 150 h.p. pump. The volume o f   m a t e r i a l   s t r i p p e d  and mined 

f o r  1982 was est imated  by  the  operators   to  be  95,569 m3 (125,000 

y d 3 ) .  
The method f o r  hand1 i ng  the t a i  1 i ngs involved  moving  the 

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

p o s s i b l e  rewash. The e f f l u e n t  was r o u t e d   t o   s e t t l i n g  ponds t o   s e t t l e  

o u t  some o f   t h e   f i n e r  sediment   par t ic les.  The c o a r s e   g r a v e l   t a i l i n g s  
p i l e s  were f l a t t e n e d  and fanned  out a1 ong the  base o f   t h e  Val  l e y   s l o p e  
as  the  operat ion  progressed  upstream.  Dur ing  the  course  of   the 

o p e r a t i o n   L i t t l e  Go1 d Creek was r e l o c a t e d   t o  one s i d e   o f   t h e  Val l e y   t o  

by Pass the  operation,  re-enteri   ng  the  main  channel  bel ow the  second 
s e t t l i n g  pond. Water f o r   s l u i c i n g  was d i ve r ted   f rom  the   s t ream  i n to  a 

s toraae  pond  and  dur ing  s lu ic ing  th is  was supplemented  by makeup water 

r e c i r c u l a t e d   f r o m   t h e   f i r s t   s e t t l i n g  pond.  Water f o r   s l u i c i n g  was 
pumped upstream  from  the  storage pond through  an,  approximate  10"  pipe 

t o   t h e   s l u i c e  box. 

2.2 Minera l  i z a t i  on Oescr i  p t i  on 
L i t t l e   G o l d  Creek o r ig ina tes   abou t  two m i les   eas t   o f   t he  

Alaska  Boundary. It o r i g i n a t e s   i n  a number o f  steep  walled,  narrow 
gulches and near i t s  head the  grade i s  s teep  bu t   in   the   lower   reaches  
i t  gradua l ly   f la t tens   ou t ,   approx imate ly  1.4 cm p e r  rn (1.4% g r a d i e n t ) .  

Metamorphic  rock i s  dominant a t   L i t t l e   G o l d  Creek  and  forms 
what i s  known as the Yukon  Group.  These a r e   t h e   o l d e s t   r o c k s   i n   t h e  
d i s t r i c t  and f rom  ev idence  a re   re fe r red   to  as Precambrian. They have 

been  subdiv ided  in to  a number o f   s e r i e s  , the 01 dest  hei   nq composed o f  

sheared and  metamorphosed c l a s t i c s  now represented by gneissoid 
Quartzites,  quartz-mica,  mica and graph i t i c   sch is ts ,   sheared and mashed 
conglomerates and c r y s t a l l i n e   l i m e s t o n e   ( C o c k f i e l d   1 9 2 1 ) .  
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Quartz  veins  are  abundant i n   t h e  metamorphic  rocks of the  
Yukon  Group but  are  near ly  a lways  smal l   and  non-persistent.  They 
fo l l ow   ve ry   C lose ly   t he   p lanes   o f   f o l i a t i on  of t he   sch i s t s ,  and i n   t h e  
m a j o r i t y  of cases  are  apparent ly   barren  o f   minera ls   but  i n  some cases 
i ron   minera ls ,   ga lena (PbS)  and z inc   b lend   a re  found. P y r i t e  (FeS2) 
i s  genera l l y   absent  and t h e  amount of su lph ides (SO2) i s  very  small 

(Cockf ie ld   1921) .  

IIC 

Ir 
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3 METHODS 
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Y 

Y 

Each s t a t i o n  was sampled s i x   t imes   ove r   t he   pe r iod   o f   t he  summer. The 

sampling  dates  were  June 25, J u l y  7, J u l y  20, August 10, September 2 
and  September  23, 1982. 

3.1  Water Q u a l i t y  

Water  samples  were c o l l e c t e d  and preserved as descr ibed i n  
Appendix 1 , Table 1 a t  each o f   S t a t i o n s  1 , 3, 4 and 5. A t  S t a t i o n  2, 
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 res idue (NFR) only .  

Temperature,   conduct iv i ty and pH were  measured i n   t h e   f i e l 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 a Model  296 Radiometer pH meter.  Stream  dis- 

cha rge   ( f l ow)  was measured  by u s i n g  a Pr ice- type  current   meter .  
Dissolved  oxygen was ana lyzed  us ing   the   Wink le r   Az ide   mod i f i ca t ion .  

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  analysed i n   t h e  
Envi ronmenta l   Protect ion  Serv ice  Whi tehorse  Lab a few  days l a t e r   u s i n g  

an   Imho f f  cone  and a1 1 owing one 1 i t r e   o f  we1 1 mixed  sample t o   s e t t l e  

f o r  one hour .   Non- f i l t e rab le   res idues   were   co l l ec ted   i n   dup l i ca te .  
One sample was ana lyzed   w i th in  a few  days i n   t h e  Whitehorse  Lab and t h e  

second  sample was s e n t   t o   t h e  E.P.S. Vancouver  Lab,  4195  Marine  Drive, 
West  Vancouver, B.C. All other  analyses  were  performed  by  the E.P.S. 

Vancouver  Lab.  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   h a r d n e s s ,  
f i l t e r a b l e   r e s i d u e ,   t o t a l   a l k a l i n i t y ,   t o t a l  phosphates,   n i t ra tes,  
n i  tri tes,  ammonia, s u l f a t e ,   c h l  o r i  de and t h e   f o l  1 owi  ng e x t r a c t a b l e  
me t a l  s : 

A1 umi num (A1 

Antimony (Sb) 
Arsenic ( As 

B a r i u m  (Ea) 

Bery l  1 ium  (Be) 
Cadmi um (Cd) 
Cal c i  um (Ca 

Chromi urn (Cr )  

Cobal t (Co) 

Copper ( Cu) 
I r o n  (Fe) 
Lead  (Pb) 
Magnesium (Ma) 
Manganese (Mn 
Mercury ( H q )  
Molybdenum (Mol 
Nicke l  ( N i  ) 

Potassium (K) 

Sel e n i  um (Se) 
S i l i c o n   ( S i )  

S i l v e r   ( A g )  
Sodi um ( Na 1 
S t ron t i um  (S r )  
T i n  (Sn) 
T i tan ium  (T i  

Vanadi um ( V 

Z inc  (zn)  
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The pe rcen t   d i sso l ved  oxygen s a t u r a t i o n  ( X  DO) 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 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' 
from the  formul  a: 

S I  = S P  (APHA e t  a1 1975) - 
760 

where S '  = d i s s o l v e d  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  
t h e   i n   s i t u   t e m p e r a t u r e  and  atmospheric  pressure 

S = d i s s o l v e d  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  

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 = atmospheric  pressure i n  mm o f  mercury (mm Hg) a t  
s i t e   e l   e v a t i  on 

The percent   d isso lved oxygen s a t u r a t i o n  was ob ta ined by u s i n g   t h e   r a t i o  

o f   f i e 1  d d isso lved 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  Fie1 d DO = D isso lved Oxygen concent ra t ion  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, 4 and 5. Sediment  samples  were c o l l e c t e d  on 

J u l y  7, J u l y  20, August 10, September 2 and  September 23, 1982. 
Sed imen ts   were   no t   co l l ec ted   a t   S ta t i ons  2 and 3 as S t a t i o n  2 was a 

s l u i c e  box  d ischarge  s ta t ion,  and S t a t i o n  3 was a s e t t l i n g  pond 
e f f l uen t   s ta t i on .   Th ree   sed imen t  samples  were c o l l e c t e d   a t  each s i t e  

u s i n g  an aluminum  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  Pak 
bags. A d e s c r i p t i o n   o f   s e d i m e n t   c o l l e c t i o n ,   p r e p a r a t i o n  and a n a l y s i s  

methods i s   q i v e n   i n  Appendix I ,  Table , 2 .  All sediment samples  were 
shipped  to  Vancouver  by a i r   f o r   a n a l y s i s  a t  t h e  E.P.S. Lab. Each o f  
the  three  sediment   samples  co l lected a t  each s t a t i o n  were  analyzed  for 

p a r t i c l e   s i z e  and the   f o l l ow ing   l eachab le   me ta l s :  

I 

P 



- 19 - 

Aluminum  (A1 

Arsenic  ( A s  
B a r i  um ( Ba) 

Bery l  1 ium  (Be) 

Boron  (B) 
Cadmium (Cd) 

Calcium  (Ca) 
Chromium (Cr)  

Cobal t (Co) 

3.3 Bottom Fauna 

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

Lead  (Pb) 

Magnesi um (Mg) 

Manganese (Mn) 
Mercury  (Hg) 

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

Phosphorus ( P )  

Potassium ( K )  

S i 1   i c o n   ( S i  1 
S i  1 ver  ( Ag) 

Sodi urn (Na ) 
S t ron t i um  (S r )  

T in   (Sn )  

T i tan ium  (T i  
Vanadi um ( V  1 
Z inc  (zn)  

Bottom  fauna samples  were c o l l e c t e d  a t  the  same t ime as water  
and  sediment samples a t   S t a t i o n s  1 , 4 and 5 on. six  separate  sampling 

dates.   S lu ic ing  d ischarge and s e t t l i n g  pond e f f l u e n t ,   S t a t i o n s  2 and 3 
r e s p e c t i v e l y ,  were n o t  sampled for  bot tom  fauna.  Three samples  were 

c o l l e c t e d   a t  each s t a t i o n   u s i n g  a 30 cm x 30 cm Surber  sampler  (900 
cm2 o r  1 f t 2 )   w i t h  a mesh s i z e   o f  0.76 mm. Bot tom  fauna  co l lect ion,  
p r e s e r v a t i o n  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 ca lcu lated  f rom  the  bot tom  fauna  data 
co l lec ted ,   us ing   the   fo rmula   descr ibed by Pie lou  (1975)   as  fo l lows:  

9 
Spec ies   D ive rs i t y  ( H ' )  = -1 ( P i  l o g l o   P i )  

i =1 
where P i  = 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 l e v e l .  
g = t o t a l  number o f  genera i n  one sample 
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The  use  of individuals  identified t o  genus level  instead o f  t o  species 
level  results i n  slightly lower diversity  indices ( H ' )  values (Hughes, 
1978 1. 

3 .4  Fish - 
Electrof i sh ing  of the creek a t  S t a t i o n s  1 , 4 and 5 was 

conducted i n  order t o  o b t a i n  tissue samples for metal analysis, b u t  no 
fish were found.  Notes  were  made on whether  sample  streams  looked 
suitable for fish  habitat. 

It 

t 

E 
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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 genera l l y  
a r e  seen t o  be g r e a t l y   i n f l u e n c e d  by t h e   m i n i n g ,   p a r t i c 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  mine   s i te .  It i s   t h e r e f o r e   i m p o r t a n t   t o   n o t e   t h a t  
s l u i c i n g   a c t i v i t y  was ocur r ing   dur ing   the   sampl ing   per iods  on J u l y  20 

and  September  23  only.  During  sampling on the   o the r   da tes   ac t i ve  
s l u i c i n g  was n o t  underway  and may n o t  have  been  underway f o r   s e v e r a l  

days  precedi  ng sarnpl i ng. 

4.1  Water  Oual i t v  

rl 

I 

1 

Table 4 i n  Appendix 1 1 i sts  the  accepted  water  qual  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 t h e   f o l l o w i n g   r e s u l t s  and d iscuss ion  
w i t h  accompanying  graphs  concentrates on those  parameters  considered 

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 f e c t e d  by t h e   p l a c e r   m i n i n g   a c t i v i t y .  

4.1.1  Heavv Metal s 
The f o l l o w i n g  heavy  metals, i l l u s t r a t e d   i n   F i g u r e s  13 and  14, 

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 L i t t l e   G o l d  Creek by p l a c e r  
m i n i n g   a c t i v i t y :  

Arsenic  (As) 
Copper (CUI 
I r o n   ( F e )  

Mercury ( Hg 1 

Manganese (Mn) 
N icke l  ( N i  ) 
Lead  (Pb) 

Z inc  (Zn)  

Wate r   ana lys i s   f o r   ex t rac tab le   heavy   me ta l s   revea l  
s i g n i f i c a n t   i n c r e a s e s  due t o   s l u i c i n g  on J u l y  20 and  September 23 when 

compared to   non -s lu i c ing   t imes  and t h e   c o n t r o l   s t a t i o n .  
Arsenic   leve ls   ranged  f rom 0.0095 mg/l  and 0.0067 mg/l a t  

S t a t i o n s  4 and 5 on J u l y  20 t o  0.0075 mg/l and  0.0052 mg/l a t  S t a t i o n s  
4 and 5 on  September 23. A l though  a rsen ic   leve ls  downstream  increased 
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between  10  and  20  times from the  upstream  levels,   they  were s t i l l  
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  a n d   a q u a t i c   l i f e .  

CoDper l e v e l s   d r a m a t i c a l l y   i n c r e a s e d  as  a r e s u l t  of mining, 
and on bo th   s lu ic ing   da tes   were  above recommended l i m i t s   f o r   d r i n k i n g  

water  and a q u a t i c   l i f e .   T h i s   i n c r e a s e  was as much as 370  t imes  greater  

than  upstream  values. 

I r o n   l e v e l  s a1 so exceeded bo th  recommended 1 imi t s   a t  

downstream s t a t i o n s .   L e v e l s   o f  148  mg/l  and 51.3 mg/l  were  found a t  

S t a t i o n s  4 and 5 on J u l y  20, and  167  mg/l a t   S t a t i o n s  4 and 5 on 
September 23. H i g h   l e v e l s   o f   i r o n   f o u n d  downstream  were  probably 

a t t r i b u t a b l e   t o   i r o n   p y r i t e   p r e s e n t   i n   t h e   o r e  body. 
Mercury  levels  exceeded recommended l i m i t s   f o r   a q u a t i c   l i f e  

(0.0001 - 0.0002 mg/ l )  a t   S t a t i o n  4 on J u l y  20, w i t h  a va lue   o f  0.0020 
mg/l  and a t   S t a t i o n s  4 and 5 on  September  23 w i t h   v a l u e s   o f  0.0010 

mg/l. 
L e v e l s   f o r  manganese were  found t o  be dramat ica l l y   inc reased 

a t   b o t h  downstream s t a t i o n s  on J u l y  20  and  September 23. Values  of  

5.85 mg/l  and 4.22 mg/l a t  S t a t i o n s  4 and 5 exceeded t h e  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 ,  as d id   va lues  o f  8.79 mg/l 
and 9.0 mg/l  found a t  S t a t i o n s  4 and 5 on  September 23. 

N i c k e l   a l s o  exceeded 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  

standards  downstream o f   t he   m in ing   ope ra t i on .   Leve ls   o f  1.5 mg/l and 

0.17 mg/l  were  demonstrated a t   S t a t i o n s  4 and 5 on J u l y  20  and  0.94 
mg/l and  0.93 mg/l a t   S t a t i o n s  4  and  5 on  September 23. 

Lead l e v e l s   o f  0.050 mg/l and  0.027 mg/l  were  found a t  

S t a t i o n s  4 and 5 on J u l y  20, and  0.090  mg/l  and  0.130  mg/l a t   S t a t i o n s  

4 and 5 on  September  23.  These l e v e l s  were  noted  to be approximately 
50 - 100 t imes   g rea te r   t han   a t   ups t ream  s ta t i ons  and were   a lso   g rea ter  

t h a n  recommended l e v e l s   f o r   d r i n k i n g   w a t e r  and h e a l t h y   a q u a t i c   l i f e .  
Z i n c  a1 so demonstrated  high  values  that  exceeded  both 

recommended l i m i t s .  These values  were 2.96 mg/l and 0.344 mg/l a t  
S t a t i o n s  4  and  5  on J u l y  20  and  2.10  mg/l  and  1.99  mg/l a t  S t a t i o n s  4 

and 5 on September  23. A z inc   va lue   o f  0.110 mg/l was found a t  S t a t i o n  
1 (Con t ro l   S ta t i on )  on J u l y  2, bu t   va lues  downstream  were much lower, 

t h e r e f o r e   t h e   v a l i d i t y   o f   t h i s   v a l u e  was questionable.  Other  heavy 

I t  

E 

u 
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I 

metal s t h a t   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   a c t i v i t y   i n c l u d e d  A1 umi num 
(A1 ), Cadmium (Cd) , Magnesium (mg) , Barium  (Ba) , and  Chromium (Cr).  

These  values  are  presented i n  Appendix 11. 

4.1.2 Suspended  Sediments (Non-F i l   te rab l  e Residue - NFR) 
All suspended  sediments  were c o l l e c t e d  by grab sample  and 

analyzed a t   t h e  E.P . S .  Whitehorse  Laboratory two t o   f o u r  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 a1 so analyzed a t   t h e  EPS Laboratory 

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  E.P .S. Whitehorse  Laboratory. The 

resul ts   presented  are  those  determi  ned i n   t h e  E.P .S. Whitehorse  lab. 

Suspended sediments  can be def ined as "any p a r t i c u l a t e   m a t t e r  

suspended i n  w a t e r   t h a t   i s   r e t a i n e d   b y  a 0.45 m i c r o n   f i l t e r   o r  a f i l t e r  
o f   de f i ned   po re   s i ze .  The term i s  a1 so synonymous w i t h   n o n - f i l   t e r a b l e  
res idue (NFR)" (Dept. o f  Environment,  1979). Suspended sediments  are 

comprised o f  sand, s i l t ,   c l a y  and d e t r i t u s ,  and a re   usua l l y   t he   ma jo r  
cause of   concern i n  w a t e r   w i t h   r e g a r d   t o  a p lacer   m in ing   opera t ion .  

Griffi t h s  and Wal ton  (1978) summarize t h e   d i   r e c t  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 )  impairment of 
reproduct ion,   growth and s u r v i v a l  ; and ( 3 )  i nc rease   o f   d i sease   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  from: (1) habi t a t  modi 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 iscuss ions of 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  of  
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  inver te -  

brates  have  been  presented by P i c k r a l  (19811, G r i f f i t h s  and Walton 
(1978) , Cordone  and  Kel l e y  (19761,  and  Rosenberg and Snow (1975). 

Water q u a l i t y   w i t h   r e g a r d   t o  suspended  sediments i n   t h e  upper 

r e a c h e s   o f   L i t t l e   G o l d  Creek i s   r e l a t i v e l y   p r i s t i n e  and ind i ca tes   l ow  

l e v e l s ,   l e s s   t h a n  5 mg/l , o f  suspended sediments. On August 10,  1982, 
S t a t i o n  1 e x h i b i t e d  a suspended sed iment   leve l   o f  20 m g / l   b u t   t h i s   i s  

s t i l l  regarded  as  being  very  low and c o u l d  have  been due t o   r a i n f a l l   o r  
bank sloughing.  Very  high  values  for  suspended  sediments  were  found a t  

downstream s t a t i o n s  on the   two  s lu ic ing   da tes ,   Ju ly  20 and 
September 23. 
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Suspended sediments  measured as h igh  as 62,000 mg/l and  37,000 mg/l a t  
S t a t i o n  2 and S t a t i o n  5 r e s p e c t i v e l y  on J u l y  20  and  30,000  mg/l and 

25,000 m g l l   a t   S t a t i o n s  2 and 5 on  September 23 as shown i n   F i g u r e  15. 
These r e s u l t s  a1 so show by  comparing  values a t   S t a t i o n  2 and S t a t i o n s  4 
and 5 t h a t   t h e   s e t t l i n g  ponds  were n o t   f u n c t i o n i n g   w e l l  on  these  dates. 

Dur ing  sampl ing  t imes on August 10 and  September 2 a c t i v e  
s l u i c i n g  was n o t   o c c u r r i n g  and the  suspended  sediment  levels a t  down- 

s t r e a m   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 lu i c ing   t imes ,   a l t hough   va lues   a t   a l l   s ta t i ons   were   h ighe r  on August 
10 which  corresponds  wi th a p e r i o d   o f   h i g h   r a i n f a l l   p r e c e d i n g   t h i s  

sampling  t ime. The v a l u e s   a t   S t a t i o n s  3, 4 and 5 i n   p a r t i c u l a r  suggest 
these  are  the  background  leve ls   that   would be expected as a r e s u l t   o f  

the  ter ra in   d is turbance  a lone  f rom  "non-point   source"   eros ion.  
Suspended sed imen t   l eve l s   i n f l uence   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 isso lved oxygen.  These parameters and others  are  descr ibed i n   t h e  

f o l  1 owi  ng  section. 

4.1.3 Other  Water  Ouali tv  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 s t a t i o n s  and 
probab ly   in f luenced  by   p lacer -mi   n i  ng are  prov ided  be l  ow. A groundwater 

source  bel  ow the  sampling  area was noted and it i s  p o s s i b l e   t h a t  
undetected  groundwater  sources  were  entering  the  stream  between 
upstream and downstream s ta t ions   wh ich   cou ld   in f luence  the   va lues  of 

the  parameters  analyzed. The values  for   these  parameters,  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   l i f e .  The parameters  include  dissolved  oxygen  saturat ion,  

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 s ,   c o l o u r ,   t o t a l  hardness, 
phosphorus, n i t r i t e  (NO?-N) and ammonia (NH3-N). Resu l ts   fo r   these 

and  other  parameters  are  provided i n  Appendix 11. 
a)  Temperature. The r e s u l t s  show a general  marked  increase 

between S t a t i o n  1 and S t a t i o n  5 a l though  there  i s  no c l e a r  
p a t t e r n   i n   r e l a t i o n   t o   s l u i c i n g   v e r s u s   n o n - s l u i c i n g   t i m e s .  The 

general downstream increase  f rom 6.OoC t o  1 l . O " C  on J u l y  7 ,  
and 4.7"C t o  9 .O"C on J u l y  20  can be exp la ined  by   the   fac t  
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t h a t   t h e   o p e r a t i o n  had a l a rge   s to rage  pond t o   p r o v i d e  
adequate  water  for   prolonged  s lu ic ing  and  because  dur ing 

s l u i c i n g   t h e r e  was a h igh   pe rcen tage   o f   t he   s lu i c ing   wa te r  

r e c i r c u l a t e d .  The g rea tes t   t empera tu re   d i f f e rence  between 

upstream and downstream s t a t i o n s   o c c u r r e d   i n  mid-season when 

t h e  warming o f  ponded  water  would  be  greatest  whereas a t   t h e  

beginning  and  end  of  the  season  the  upstream and  downstream 
temperature  d i f ferences  were  great ly   reduced.  

b) e. D u r i n g   s l u i c i n g   t h e  pH dropped s l i g h t l y  from 7.2 a t  

S t a t i o n  1 t o  6.7 a t  S t a t i o n  4 on J u l y  20  and from 7.8 a t  

S t a t i o n  1 t o  7.0 and 7.1 a t  S t a t i o n s  4 and 5 on  September 23. 

c )   D i s s o l v e d  Oxygen  (DO). S l i g h t  decreases i n   d i s s o l v e d  oxygen 
were  noted 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 most s ign i f i can t   d rop   occu r red   du r ing  

t h e   s l u i c i n g   p e r i o d  on J u l y  20 a t  which  t ime  the DO ranged 
from 11.4  mg/l a t   S t a t i o n  1 t o  9.9 mg/l  and 9.8 mg/l a t  
S t a t i o n s  4 and 5 r e s p e c t i v e l y .  The r e d u c t i o n   i n  DO l e v e l s   a t  

downstream l o c a t i o n s   i s   n o t   s u r p r i s i n g  because o f   t h e   h i g h  

o rgan ic   con ten t   o f   t he   su r face   ma te r ia l s  and r e s u l t i n g   o r g a n i c  
m a t e r i a l s   i n   t h e   w a t e r  from s l u i c i n g  and runo f f   wh ich   c rea te  

an  oxygen demand. Ground water, i f  e n t e r i n g   t h e   s t r e a m   i n  

these  areas,  could a1 so reduce DO 1 eve1 s. The DO l e v e l s  

however  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 p e r c e n t   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  
re la ted   t o   t he   ac tua l   concen t ra t i on ,  i s  used as the   re fe rence  

s tandard   f o r   t h i s   pa ramete r .   D i sso l ved  oxygen s a t u r a t i o n   d i d  

n o t  meet   the  dr ink ing  water   s tandard a t  any o f   t h e  downstream 
s ta t i ons   excep t  on J u l y  7 wh ich   co r responds   w i th   t he   f ac t   t ha 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 e s e   s t a t i o n s   u n t i l   a f t e r  
t h a t  date. It shou ld   a lso  be no ted   t ha t   pe rcen t  DO s a t u r a t i o n  

was i r r e g u l a r  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 and was 
a t  100% s a t u r a t i o n  on o n l y  two o f   the   f i ve   sampl ing   da tes .  

Under   t he   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  DO s a t u r a t i o n   i s   n o t   g r e a t  a1 though it was 

detec tab le  on s l   u i c i  ng dates , and c o u l d  be i n f l u e n c e d  by 
ground  water  sources. 
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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 
a n   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 l 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  (Talkema  1983). 
Because t u r b i d i t y   i s   d i r e c t l y   r e l a t e d ,  though  not  necessar i ly  

l i n e a r ,   w i t h  suspended  sediments it was found,  as  expected, t o  
b e   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   2 0  and 

September 23. Values as h i g h  as 32,500 FTU (Formazin 
T u r b i d i t y   U n i t s )  and  650 FTU o c c u r r e d   a t   S t a t i o n s  4 and 5 

r e s p e c t i v e l y  on J u l y  20  and 26,800 FTU and 26,000 FTU a t  

S t a t i o n s  4 and 5 on  September 23.  These  Val  ues  compare w i t h  

va lues   less   than 1.0  and t y p i c a l l y  0.1 a t   t h e   S t a t i o n  1 
c o n t r o l .  Downstream values a t  S t a t i o n s  4 and 5 d u r i n g  non- 

s lu i c ing   t imes   range  between 4.7 and 28.0 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   a t   t h e   o p e r a t i o n .  

e )   S e t t l e a b l e  Sol i d s .  S e t t l e a b l e   s o l i d s   a r e  commonly def 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  will s e t t l e   o u t  o f  
suspension i n  a s tandard  un i t   o f   t ime"   (Dept .   o f   Env i ronment ,  

1979) .   Se t t l eab le   so l i ds   l eve l s ,  as expected,  fo l lowed  the 

same p a t t e r n  as  suspended sediments and were  found t o  be 
g r e a t l y   i n c r e a s e d   a t   S t a t i o n s  4 and 5 d u r i n g   s l u i c i n g   t i m e s  on 

J u l y  20  and  September  23. A va lue   g rea ter   than 40 ml/l was 
found a t   S t a t i o n  2 on June 25. T h i s  was n o t  a s l u i c i n g   t i m e  

t h e r e f o r e   t h e  cause o f   t h i s   h i g h   l e v e l   c a n n o t  be explained. 
A1 1 o t h e r   v a l u e s   f o r   s e t t l e a b l e   s o l i d s   r a n g e d  from less   t han  
0.1 ml/l t o  0.5 ml/l. 
f )  F i l t e r a b l e  Residue. F i l t e r a b l e   r e s i d u e  (FR) , a lso  known 

as   d isso lved  so l ids ,  was f o u n d   t o  be w i t h i n   l i m i t s   f o r  
d r i n k i n g   w a t e r  and recommended l e v e l s   f o r   a q u a t i c   l i f e   e x c e p t  
a t  S t a t i o n  4 on  September 23. On t h i s   d a t e  i t  was found   to  be 

3040  mg/l . A1 1 o t h e r  downstream  values  ranged  from 132 mg/l 

t o  168  mg/l FR, t h e r e f o r e  it i s  quest ionable  whether  the one 
va lue i s  accura te   o r  due t o   e r r o r .  

g) 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  demonstrat ing  values  greater  than 100 c o l o u r   u n i t s  a t  

S t a t i o n s  4 and 5 on J u l y  20. Colour measurements  were n o t  
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ana lyzed  fo r  September 23 due t o   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 igh   va lues   fo r   co lour   were  due to   i nc reased   concen t ra t i ons  of 

o r g a n i c   m a t t e r   i n t r o d u c e d   t o   w a t e r   f r o m   t h e   s t r i p p i n g   p r o c e s s .  
h )  Hardness. R e l a t i v e l y  low l e v e l  s o f   t o t a l  hardness  were  noted 

throughout  the  sampling  period.  Values  ranged  from  43-82  mg/l 
CaC03 a t   S t a t i o n  1 t o  108-149  mg/l CaC03 a t   S t a t i o n s  4 and 

5. There was however a pronounced  increase a t   S t a t i o n s  4 and 

5 on J u l y  20  and  September 23 due t o   s l u i c i n g .  Hardness 

concent ra t ions  as h i q h  as 2470  mg/l CaC03 and 466 mgl l  

CaC03 were  found a t  S t a t i o n s  4 and 5 on J u l y  20,  and l e v e l s  
o f  1840  mg/l CaC03 and  1900  mg/l CaC03 a t   S t a t i o n s  4 and 5 
on  September 23. These r e s u l t s   c l e a r l y  exceeded t h e   c r i t e r i a  
r e q u i r e d   f o r   d r i n k i n g   w a t e r .  

i Phosphorous  (as  Pod).  High  levels  of  phosphorus  were 
observed a t  these same s t a t i o n s   d u r i n g   s l u i c i n g .   L e v e l s   o f  
72.6 mg/l and  3.20 mg/l a t   S t a t i o n s  4 and 5 f o r   J u l y  20, and 
37.2 mg/l and  33.0 mg/l f o r   S t a t i o n s  4 and 5 on  September 23. 
On both  o f   those  dates  va lues  exceeded  dr i   nk ing  water   s tand-  

ards and recommended l e v e l  s f o r   a q u a t i c   l i f e .  Values a t   t h e  
c o n t r o l   s t a t i o n   w e r e  .01 mg/l o r   l e s s   w h i l e   v a l u e s   a t   S t a t i o n s  

4 and 5 du r ing   non -s lu i c ing   t imes  was i n   t h e  range o f  0.076 
mg/l t o  0.133 mg/l . 

j ) N i t r i t e s  and Ammonia. N i t r i t e  and ammonia measurements a1 so 
exceeded dr ink ing   water   s tandards ,  and ammonia exceeded  recom- 
mended l e v e l s   f o r   a q u a t i c  li fe.   N i t r i te   va lues   ranged  f rom 

0.025 mg/l a t   S t a t i o n s  4 and 5 on   Ju l y  20, t o   v a l u e s   o f  0.042 

mg/l and  0.039  mg/l a t  S t a t i o n s  4 and 5 on  September 23. 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  g rea ter   than  the  
recommended d r i n k i n g   w a t e r  limit (0.001 mg/l 1, b u t  a l l  s ta-  

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

than   t he   de tec t i on  limit. Ammonia d i d   n o t  exceed recommended 

1 e v e l s   f o r   d r i n k i n g   w a t e r ,  however it d i d  exceed l e v e l s   f o r  

'I, 
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a q u a t i c   l i f e  on bo th   s lu i c ing   da tes .  These  ranged  from 0.040 

mg/l and  0.036 mg/l a t   S t a t i o n s  4 and 5 on J u l y  20, t o  0.145 

mg/l and  0.125 mg/l a t   S t a t i o n s  4 and 5 on  September 23. 

k )   C o n d u c t i v i t y ,   s u l p h a t e ,   n i t r a t e  and a1 k a l  i n i  ty were a1 1 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  and a q u a t i c   l i f e .  It i s  
w o r t h   n o t i n g   t h a t   c o n d u c t i v i t y   i n c r e a s e d   a t  downstream 

s t a t i o n s   r e l a t i v e   t o   t h e   c o n t r o l  on a l l  sampling  dates. 

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, 4 and 5 on 

each of   the  sampl ing  dates and subsequent ly   ana lyzed  fo r   par t i c le   s ize  

composi t ion and leachable  metal s. No sediment  samples  were  col  lected 
a t   S t a t i o n s  2 and  3. When analyz ing and d i   s c u s s i n q   t h e   r e s u l t s   o f  

sediment  analysis it i s  necessary t o  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 l 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  

bot tom  compos i t ion .   Desp i te   the   l im i ta t ions  on i n t e r p r e t a t i o n   t h e   d a t a  
shows t h e   e f f e c t s   o f   s l u i c i n g  on  sediment  composition and sediment 
c h e m i s t r y   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 

b e   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  of 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 .  
Resu l ts   o f   the   sed iment   par t i c le   s ize   ana lyses   a re   g iven  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   t e r m s   o f  
percent  composi t ion  can be found i n  Figures  16  and  17. It should be 
n o t e d   t h a t   S t a t i o n  1 was r e l o c a t e d  70  m upstream on September 23 

because  the  prev ious  locat ion was d i s t u r b e d  by m i n i n g   a c t i v i t y .   T h i s  
a c c o u n t s   f o r   t h e   d i f f e r e n t   p a r t i c l e   s i z e   d i s t r i b u t i o n   f o r   t h e   c o n t r o l  

s t a t i o n  on September 23. 
I n c r e a s e d   l e v e l s   o f   s i l t s  and c lays   occur red  downstream o f  

t h e  m i  n i  ng 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 a  season. S1 u i c i  ng t ime 

was est imated by the  oDerator as 250 hours  between  June and September. 

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   f i n e   s i l t s  and  sands  were found a t  
S t a t i o n s  4 and 5 on two sampling  dates when s lu ic ing   occur red ,   wh ich  
were   Ju ly  20  and  September 23. Dur ing  these two per iods,   percent 

c o m p o s i t i o n   o f   s i 1   t s  and f i n e  sand (75 urn t o  350 urn) exceeded 85% a t  

downstream s t a t i o n s .  
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STATION 4 
(Ir 

S T A T I O N  5 

J u l y  7 , 1 9 8 2  

J u l y  20,1982 

August  IO, 1982 

L E G E N D  

a Very  Fine Sand 7 5 - 1 5 0 4 m  

7 Fine Sand 1 5 0 -   3 0 0  y m  

Medium Coarse Scnd 300- IISO? 

Very Coarse Sand 1180- 2360  J L n  

w- Gravel > 2 3 6 0 J C m  .t 

FIGURE 16 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 -  
P E R C E N T   C O M P O S I T I O N  

* 
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STATION I STATION 4 STATION 5 

S e p t e m b e r  2 ,  1982 

SePternber  23,1982 

Note - Stotion I was relocated 
on September 23. 1982 due 
to stream  disturbance  at  the 
original site. 

L E G E N D  

silt L 7 5  q m  Medium Coarse Sand 300-11804m 

Very FineSand  75-150Jtm Very Coarse Sand 1 180-2360 4 m 

[-] Fine Sand 150- 300qrn Gravel > 2360 q m  

FIGURE 17 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  - 
P E R C E N T   C O M P O S I T I O N  

P 
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A one week shut  down du r ing   t he  week preceedi  ng September 2 
r e s u l t e d   i n  decreased  ( less  than  10%)  concentrat ions  o f   f ine  sediments 

a t   t h e  downstream s t a t i o n s .  The m a j o r i t y   o f   t h e  samples c o l l e c t e d   h e r e  
were made up o f   p a r t i c l e   s i z e s   g r e a t e r   t h a n  2360 um. The  shutdown 

prov ided enough t i m e   f o r   m s t   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, a1 1 owing  the  streambed i n   t h e   s t u d y  

a rea   t o   recove r .  The e f f e c t s   o f   t h e s e   s e d i m e n t s   s e t t l i n g  on the  stream 
bottom have  been r e f e r r e d   t o   e a r l i e r   i n   t h e   d i s c u s s i o n   r e l a t e d   t o  

suspended  sediments. 

4.2.2 Sediment  Metal  Concentrations. 
The concentrat ions  o f   meta ls   analyzed i n   t h e   p o r t i o n   o f  

sed imen ts   t ha t  was smal l e r   t h a n  150 um a r e   g i v e n   i n  Appendix I I I , Table 
. 2   f o r   t h e   s t a t i o n s  sampled. Table 2 on page  35 p resen ts   t he  mean 
values  for   sediment  metal   concentrat ions.  

Table 2 reveal  s t h a t   d u r i n g   t h e   s l u i c i n g   p e r i o d s  sampled 
( J u l y  20,  September 231, t h e   v a l u e s   f o r  heavy  metals i n  sediment  were 

genera l l y   found  to   decrease  a t   bo th  downstream s t a t i o n s  compared t o  

S t a t i o n  1 b u t   p a r t i c u l a r l y   a t   S t a t i o n  4. This  general   t rend, was more 
apparen t   du r ing   s lu i c ing  on J u l y  20  than i t  was on September 23. T h i s  
can be p a r t i a l l y   e x p l a i n e d  by  assuming t h a t   a t   t h e   b e g i n n i n g   o f   t h e  

o p e r a t i n g  season t h e   s e t t l i n g  pond  worked e f f i c i e n t l y  a t  removing  the 

h e a v i e r   m e t a l   b e a r i n g   p a r t i c l e s ,   l e a v i n g   t h e   l i g h t e r   p a r t i c l e s ,  non- 
m e t a l   b e a r i n g   s i l t s  and c lays ,   (Pask i ,   1982)   to  be c a r r i e d  downstream. 

E v i d e n c e   o f   t h i s   o c c u r r i n g   i s   i l l u s t r a t e d   i n   F i g u r e s  16  and 17. A t  

S t a t i o n s  4 and 5 o n   J u l y  20, f o r   i n s t a n c e ,  more  than 95% of  the 

sed imen t   co l l ec ted   con ta ined   f i ne  sands  and s i 1   t s   r a n g i n g   i n   s i z e  from 
75 um t o  300 um. A t  S t a t i o n  5 on  September 23, 85% o f   t he   sed imen t  

c o l l e c t e d   c o n s i s t e d   o f   t h e   f i n e  sands  and s i l t s .  An example o f  
c o n t r a s t  can be found on September 2 where  only 5 - 10% o f  the  samples 

c o l l e c t e d   a t   S t a t i o n s  4 and 5 c o n s i s t e d   o f   f i n e  sands  and s i 1   t s .  The 
remainder   o f   the  samples c o n s i s t e d   o f  medium coarse sand t o  gravel  
r a n g i n g   i n   s i z e  from  300 um t o  2360 um and grea ter .   Th is   suggests   tha t  

as  the  season  progressed  from  July  20  to  September 23 t h e   s e t t l i n g  

ponds  began t o  fill with  sediments and t h u s   l o s t   t h e   r e t e n t i o n   t i m e  
necessary t o   s e t t l e   f i n e  sands  and s i 1   t s   d u r i n g   s l u i c i n g   w h i c h   t h u s  
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remained  suspended u n t i l   t h e y  had  passed  through  the  set t l ing ponds. 
Some o f   t h e s e   p a r t i c l e s   s u b s e q u e n t l y   s e t t l e d   o u t  on the  stream  bottom 

a t   S t a t i o n s  4 and 5. The r e s u l t s   a t   S t a t i o n s  4 and 5 f o r  September 2 
i n d i c a t e d   t h a t   g i v e n   t i m e ,  one week i n   t h i s  case, when t h e r e   i s  no 

s lu i c ing   t he   s t ream will resuspend  these  f ine sands  and s i 1   t s  and move 

them f u r t h e r  downstream. It i s   n o t  known i f  t h e r e  was a f l  ood  event 
j u s t   p r i o r   t o  September 2 which  would  have  assisted i n   f l u s h i n g   t h e  
f i n e r   m a t e r i a l s  downstream. 

Because o f   t h e i r   i m p o r t a n c e   r e l a t e d   t o   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   t h e  same e i g h t  heavy  metals  as i l l u s t r a t e d   f o r  

wa te r   qua l i t y   a re   se lec ted  and i l l u s t r a t e d   f o r  sediment  chemistry. 
F igures  18  and 19 show metal   values i n   t h e  sediments a t  each s t a t i o n  on 

each  sampl ing  date  for   arsenic  ( A s ) ,  copper (CUI, iron  (Fe) ,   mercury 
(Hg), manganese (Mn), n i c k e l   ( N i  ) ,  lead  (Pb)   and  z inc  (Zn) .  

It i s  i n t e r e s t i n g   t o   n o t e   t h a t   f o r  most  heavy  metals  there 
was a pronounced  decrease i n  values a t   S t a t i o n s  4 and 5 d u r i n g   s l u i c i n g  
on   Ju l y  20, and  a r e c o v e r y   o f   t h o s e   l e v e l s   a t   t h e  end o f   t h e  summer, as 
seen on September 23. For   instance,   arsenic   d isp layed a mean va lue  o f  

14.2 mg/kg a t   t h e   c o n t r o l   s t a t i o n   ( S t a t i o n   1 )  on J u l y  20. T h i s  com- 
pa res   w i th   va lues   f ound   a t   o the r  sample  times f o r   a r s e n i c   a t   S t a t i o n  1. 
Downstream, mean va lues   fo r   a rsen ic   were  10.8 mg/kg  and  13.8  mg/kg a t  

S t a t i o n s  4 and 5 on   Ju l y  7, 7.6 mg/kg  and 9.3 mg/kg on J u l y  20, 17.5 

mg/kg  and  10.8  mg/kg  on August  10, 10.7  rng/kg  and  11.3 mg/kg on 

September 2 ,  and 8.7 mg/kg  and  9.4  mg/kg on September 23. As one  can 

see, arsenic  demonstrates  decreased  values on bo th   s lu ic ing   da tes .  

However d i f f e r e n c e s   i n  mean va lues  are  less  dramat ic  a t  t h e  end o f   t h e  

summer. 
Copper  values f o r  sediment a t  downstream s t a t i o n s  

demonstrated a sJight  decrease on J u l y  20 w i t h  mean values of 32.7 
mg/kg a t  S t a t i o n  4 and 37.4  mg/kg a t  S t a t i o n  5. A1 1 o t h e r  mean values 

found  for   copper   inc lud ing  those  found on t h e  second s l u i c i n g   p e r i o d ,  
September 23, ranged from 43.7  mg/kg t o  53.9 mg/kg a t   S t a t i o n  4 and 

from 37.0 mg/kg t o  45.8  mg/kg a t  S t a t i o n  5. These l e v e l s  were a l l  
cons idered  to  be w i t h i n  normal l i m i t s   f o r  sediment  (Paski,  1982). 
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m 
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I ron   va lues   d ramat ica l l y   decreased on J u l y  20. For  example, 

mean values such as 19600  mg/kg  and  24200  mg/kg were  found a t   S t a t i o n s  

4  and  5  on J u l y  20  and 30067 mg/kg  and 31333 mg/kg a t  S t a t i o n s  4 and 5 

on  September 23. Other   va lues   fo r   i ron   found downstream  ranged  between 
26367 rng/kg t o  36367  mg/kg a t  S t a t i o n  4 and  between  25833  mq/kg t o  

30833  mg/kg a t   S t a t i o n  5. 
Mercury   leve ls   dec l ined a t  downstream s t a t i o n s   d u r i n g   t h e  

f i r s t   s l u i c i n g   p e r i o d .  However, t hey   re tu rned   t o   p rev ious   l eve l s  on 
September  23. Mean values  were  found  to  range  from 0.12  mg/kg and 0.16 

mg/kg a t  S t a t i o n s  4  and  5  on J u l y  7 (a   non-s lu ic ing   da te)   to  mean 
va lues   o f  0.09  mg/kg  and 0.07 mg/kg a t  S t a t i o n s  4 and 5 o n   J u l y  20. 
Mean va lues   o f  0.17 mg/kg  and  0.14  mg/kg  were f o u n d   t o   e x i s t   f o r  

mercury on September 23. Mercury  concentrat ions  typ ica l  o f  sediments 
f rom  p lacer   min ing  s t reams i n  Yukon T e r r i t o r y   ( M a t h e r s   e t  a1 1981) 

range  between  0.10 mg/kg  and 0.37 mg/kg. 

Once again a sharp  decrease was no ted   fo r  manganese dur ing  
s lu ic ing   per iods .   Leve ls   ranged  f rom 377 mg/kg  and 579  mglkg a t  

S t a t i o n s  4 and 5 on J u l y  20  and  692  mg/kg  and  704  mg/kg a t   S t a t i o n s  4 
and 5 on  September 23. An example o f  common manganese values  found 

downstream  during  non-sluicing  periods  were 982  mg/kg  and  1140  mg/kg a t  
S t a t i o n s  4 and 5 on   Ju ly   7 ,  and  882  mg/kg  and  908  mg/kg a t  S t a t i o n s  4 

and 5 on  September 2. Normal sed imen t   l eve l s   f o r  manganese a r e   i n   t h e  
area   o f  1,000 mg/kg (Paski  1982). 

Nickel   va lues  genera l ly   d id   not   demonstrate any s i g n i f i c a n t  
changes. A small  decrease was noted on J u l y  20 b u t   l e v e l s  once again 

were  back up t o  background  level  s by the end of   the  operat ing season. 
Mean va lues   o f   31  mq/kg  and 41  mg/kg were  found on J u l y  20  and 36 mg/kg 

and 39 mg/kg  on  September 23. 
Mean values  found  for   lead  throughout  the sampl i n g   p e r i o d  

v a r i e d  between 4 and  10  mg/kg (see  Table  2) .   Typica l   lead  va lues may 

range  between  20-30  mg/kg  (Paski  1982). 

Z inc  was found t o  be s l i g h t l y  depressed a t  S t a t i o n  4 on J u l y  
20 w i t h  a mean v a l u e   o f  92.5 mg/kg  compared t o  104  mg/kg  found a t  

S t a t i o n  1; however i t  was back up t o  background  levels a t  S t a t i o n  5 on 

July 20 w i t h  a va lue   o f  112 mg/kg. Z inc was 112  mg/kg a t   S t a t i o n  1 and 

121 mg/kg and 131  ms/kg a t  S t a t i o n s  4 and 5 on  September 23. 
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Overa l l  , downstream l e v e l  s f o r  heavy  metal s decreased  signi - 
f i c a n t l y   d u r i n g   t h e   f i r s t   s l u i c i n g   p e r i o d  compared w i t h   l e v e l s   f o u n d  

d u r i n g   t h e  second s lu i c ing   pe r iod .   Converse ly  a dramat ic  increase i n  
heavy  metals i n  water was found on those two dates  (see  Figures  13  and 
14) .  All o f   t h i s   m i g h t   s u g g e s t   t h a t   t h e   e f f i c i e n c y   o f   t h e   s e t t l i n g  

pond i n  terms o f   r e t e n t i o n   t i m e  was more e f f e c t i v e   a t   s e t t l i n g  heavy 

m e t a l s   a t   t h e   b e q i n n i n g   o f   t h e   o p e r a t i n g  season  than a t   t h e  end. 

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   L i t t l e   G o l d  Creek  bottom  fauna numbers  and 
d i v e r s i t y   i n d i c e s  i s  given i n  Table 3. S t a t i o n s  1, 4 and 5 were  the 

o n l y   s t a t i o n s  where  bottom  fauna  were  col lected.  Stat ion 2 ( s l u i c e  box 

d ischarge)   and  Stat ion 3 ( s e t t l i n g  pond e f f l u e n t )   w e r e   u n s u i t a b l e   f o r  
c o l l e c t i o n .  Appendix I V Y  Table 1 l i s t s   t he   bo t tom  fauna   taxonomic  
groups  as i n  Pennak (19781,  found i n   L i t t l e  Gold  Creek.  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. 

D i v e r s i t y   v a l u e s   w e r e   c a l c u l a t e d   ( T a b l e   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 lacer   m in ing   opera t ion   wou ld  have  on 
L i t t l e   G o l d  Creek. D i v e r s i t y   i s  a ca lcu lated  va lue  which i s  used t o  

express  the  " r ichness of  a community,  represented  by  the number o f  

d i f f e r e n t  taxonomic  groups ( genera i n   t h i s  case). 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   b y   l a r g e  numbers o f   spec ies   w i th  no s i n g l e  
species  overwhelmingly  abundant.  Communities o f  l o w   d i v e r s i t y   c o n t a i n  

few species, some of   which  are  represented 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. Genera l l y   d ivers i ty   va lues   q rea ter   than 0.90 ( i n   l o g l o   o r  
3.0 i n  1092) a re   f ound   i n   unpo l l u ted ,   p roduc t i ve   wa te rs   wh i l e   heav i l y  

po l l u ted   wa te rs  have values  less  than  0.30 ( i n   l o g l o   o r  1 .O i n  
l o g 2 ) "   ( A r c h i b a l d ,   e t  a1 1981). 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  

area  can be  comoared to  those  found i n   o t h e r   u n p o l l u t e d   a l p i n e   s t r e a m s  
i n Yukon (Burns  1980). The 1 ow numbers o f   i n d i v i d u a l  s found  coul d be 

a t t r i b u t a b l e   t o   t h e   h i g h   e l e v a t i o n  and t h e   c o l d   c l i m a t e   o f   t h e   s t u d y  
I! 
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s i te ,   low  hardness and conduc t i v i t y   va lues .  The bottom  fauna  produc- 

t i v i t y  appears low, as a resu l t   o f   these  env i ronmenta l   fac to rs   wh ich  

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

D i v e r s i t y  ( H '  values  taken  over   s ix   sampl ing  per iods  for  
S t a t i o n  1 ( c o n t r o l  ) range  from 0.55 t o  0.97 and ac tua l  numbers o f  

i nd i   v idua l  s c o l l e c t e d  by  Surber  Sampler  ranged  from  12-288  (per 0.093 

m2 o r  1.0 f t 2 ) .  Downstream a t   S t a t i o n s  4 and 5, however, d i v e r s i -  

t i e s  and  numbers were much lower  (see  Table 3). On J u l y  20 t h e  
d i v e r s i t y  ranged  from 0.43 - 0.64 t o  0.73 - 0.93 a t   S t a t i o n  4 and 5 
respec t i ve l y .   To ta l  numbers of  bottom  fauna  found  ranged  from 5 - 14 

a t   S t a t i o n  4 and 17 - 36 a t   S t a t i o n  5. On September 23 d i v e r s i t y  
ranged  from  0.30 - 0.45 a t   S t a t i o n  4 t o  0.40 - 0.77 a t   S t a t i o n  5 and 

a c t u a l   t o t a l  numbers co l lected  ranaed  f rom 2 - 9 a t  S t a t i o n  4 t o  1 - 43 

a t   S t a t i o n  5. 
It was c l e a r l y   e v i d e n t   t h a t   d i v e r s i t y  and  numbers were 

decreased s i g n i f i c a n t l y   a t   S t a t i o n  4 compared t o   t h e   c o n t r o l   a t   S t a t i o n  
1 w i t h  some r e c o v e r y   i n d i c a t e d   a t   S t a t i o n  5. The three  most  abundant 

orders  of   bot tom  fauna  found  were  Ephemeroptera,   Diptera and Plecoptera 

wh ich   a re   fu r ther   d iscussed 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   L i t t l e  Gold  Creek 

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

taxa  found i n   L i t t l e   G o l d  Creek i s  g iven i n  Table 4. The numbers found 

and  percent abundance c a l c u l a t e d   f o r   t h e s e   o r d e r s   i s  shown i n  Table 5. 

These  va lues   represent   the   to ta l  numbers obta ined i n  3 r e p 1   i c a t e  

samples  (0.279 m2) a t  each s t a t i o n .  Graphs i l l u s t r a t i n q   a c t u a l  

abundance  and percent  abundance f o r   t h e   t h r e e   o r d e r s  can be found i n  

F i g u r e s  20, 21  and 22. 
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 (10-15  mgl l  1 o f  

suspended  sediments  (Rosenberg  and Snow 1977) , the   inver tebra te   popu la-  
t i o n s   a r e   i m p o r t a n t  as moni tor ing  aaents  o f  environmental  changes 

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  supsended sediments may 
f ill 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  exchanqe 

o f  oxygena ted   wa te r   c ruc ia l   t o   t he   su rv i va l   o f   mac ro inve r teb ra tes .   I n  

a d d i t i o n   t o   t h i s ,   i n c r e a s e d   s i 1   t a t i o n  can a l t e r   s u b s t r a t e   c o m p o s i t i o n  

thus  a1 te r ing   o r   comple te ly   chang ing   the   types   o f   spec ies   tha t   requ i re  



- 43 - 

II 

I 

m 

TABLE 4 THREE MOST ABUNDANT O R D E R S  AND THEIR TAXONOMIC GROUPS 

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

D i  p t e r a :  

P i e c o o t e r a :  

A m e l e t u s  Sp. 

B a e t i s  sp. 

C i n y q m u l a   s p .  

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 l a  sp. 

C a r d i o c l a d i u s  SP.  

C r i c o t o p u s  sp. 

C o r y n o n e u r a  s p .  

E p o i c o c l a d i u s  SP.  

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  S P .  

C a p n i a   s p .  

AI l o p e r i a  s p .  

P a r a  I e u c t r a  s p .  

U t a p e r  I a sp. 

E p e o r u s   s p .  

M i c r o p s e c t r a  S P .  

O r t h o c l a d i u s  SP.  

S m i t t i a  sp. 

D iamesa  sp .  

Monod I amesa  sp. 

P s e u d o d i a m e s a  S p .  

P r o s i m u l i u m  S P .  

G y m n o p a i s  S P .  

T i p u l a  s p .  

Z a p a d a  S P .  

P o d m o s t a   s p .  

U n i d .  dam. 

7 
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STATION I STATION 4 

June 25 ,  1982 

July 20 ,1982 

STATION 5 

L E G E N D  

p q  ,-,.L-.c. Ephemeroptera 

Diptera  a plecoptera 

FIGURE 21 BOTTOM  FAUNA DATA-   PERCENT  ABUNDANCE - 
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STATION I STATION 4 

A u g u s t  10, 1982 

NOTE 
Station I was relocated on 
September  23, 1982 due 
to stream  disturbance a t  
t h e   o r i g i n a l   s i t e  

SeDtembet 23, 1982 

L E G E N D  

STATION 5 

.m Ephemeroptera 

D i p t e r a  

Plecoptera  

FIGURE 22  8 0 T T O M  FAUNA D A T A -  PERCENT  ABUNDANCE 
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s p e c i f i c   h a b i t a t  and  community s t r u c t u r e .  A change i n   h a b i t a t   o f  
f lowing  waters  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 

dec l ine   in   impor tan t   f i sh   food  o rgan isms  (Tr ichoptera ,   Ephemeroptera ,  
P lecoptera)   and  the  rep lacement   wi th   more  to lerant   spec ies such  as 
Chi  ronomidae  and 01 i gochaeta ( G r i f f  i t h s  and Wal ton,  1978). 

The three  most  abundant  orders  were  chosen  to  determine i f  
any genera l   observat ions  could be made w i t h   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 .  The order  

Ephemeroptera  appeared  very  abundant a t   S t a t i o n  1 (See  Figure  20) 
th roughou t   t he   samp l ing   pe r iod   w i th   t he   excep t ion   o f  September 23. 

S t a t i o n  1 was re located  approx imate ly   70 m upstream  (see  Figure  8)   on 
t h i s   d a t e  as t h e   o r i g i n a l   s i t e  was d i s t u r b e d  by m i n i n g   a c t i v i t y .   T h i s  

s t a t i o n  as i l l u s t r a t e d   i n   F i g u r e  17 i s  comprised o f   approx imate ly  65% 
s i l t  and  sands ranging i n   s i z e  from 75 t o  300 um. T h i s   s i g n i f i c a n t  

d i f f e r e n c e   i n   s t r e a m  bed  compos i t ion   f rom  the   p rev ious   con t ro l   s ta t ion  
c o u l d   e x p l a i n  why t h e  number o f   i n d i v i d u a l s   o f   t h e   o r d e r   D i p t e r a  were 

increased compared t o   t h o s e   o f   t h e   o r d e r  Ephemeroptera.  Ephemeroptera, 
a c lean  water   inver tebrate  group,  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  

high  sediment  levels  (Langer  1980),  appears  to  have  been  inf luenced  by 
s l u i c i n g   a t   S t a t i o n  4 on J u l y  20  and  September 23 (see  F igure   20) .  A 

r e d u c t i o n   i n  numbers o f   a lmos t  100% was demonstrated a t   S t a t i o n  4 on 
both  o f   these  dates.  Downstream a t   S t a t i o n  5 ind iv idua ls   were   reduced 

by 84% on   Ju l y  20 and 67% on  September 23. 
I nd i v idua ls   o f   t he   o rde r   D ip te ra   were   l ess   t han  50% i n  

abundance a t   t h e   c o n t r o l   s t a t i o n s  on a l l  dates  except September 23, 

where  they  represented 94% abundance. Numbers o f   i n d i v i d u a l s  down- 

stream  however  were s i g n i f i c a n t l y   a f f e c t e d  by m i n i n g   a c t i v i t y ;   b u t  
because of t h i s   o r d e r ' s   v a r i a b i l  i ty i n   s t r u c t u r e  and habi t a t  as 

described  by Pennak (1978)   and   t o le rance   t o  change,  compared t o   o t h e r  
more sens i t i ve   spec ies ,  i t  represented 97% abundance a t   S t a t i o n  4 on 

J u l y  20 and 83% on  September 23 (see  F igures   21  and 22) .  A t  S t a t i o n  5 
on   Ju l y  20, D ip te ra   represented   on ly  28% abundance  and 67% on  September 

23.  These f i g u r e s  may suggest   tha t  i n  comparison, a greater   percentage 

o f   D i p t e r a   i n d i v i d u a l  s s u r v i v e d   t h e   e f f e c t s   o f   s l   u i c i  ng than   d id  

ind iv iduals   f rom  the  order   Ephemeroptera a1 though  actual numbers were 

il 

L 

I 
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I 

reduced as shown i n   F i g u r e  20. I n d i v i d u a l  s o f   t h e   o r d e r  P l  ecoptera 
demonst ra ted   charac ter is t i cs  of marked  seasonal  succession  of 

emmergence as  descr ibed  by  Merr i t  and Cummins (1978).  T h i s  was ev ident  
a t   S t a t i o n  1 by  the  increase i n  numbers toward  the  middle o f  t h e  

opera t ing  season o f f s e t  by the  gradual  decrease i n  numbers towards  the 
c l o s e  o f  t h e  summer season. Numbers a t   S t a t i o n  4 on  Ju ly   were 

decreased  by 100% compared t o   S t a t i o n  1 and  by 10 % a t   S t a t i o n  5. On 
September 23 i n d i v i d u a l s  o f  the  order  Plecoptera  were  reduced 80% a t  

S t a t i o n  4 and 60% a t   S t a t i o n  5. S i m i l a r   c h a r a c t e r i s t i c s   o f  marked 
seasonal  succession i n  emmergence was e v i d e n t   a t   S t a t i o n  5, however 

s i g n i f i c a n t l y   f e w e r  numbers were  Snvolved  (see  Figure 20). 

Ab 

I n  summary some o f   t h e   e f f e c t s  on benth ic   inver tebra tes   f rom 

p l a c e r   m i n i n g   a c t i v i t y  as shown by th i s   s tudy   appear   t o  be a reduc t ion  
i n abundance of i n d i v i d u a l  s bel  ongi ng t o  each of t h e   t h r e e  ms t 
dominant  orders and t h e   s e l e c t i v e   r e d u c t i o n   o r   e l i m i n a t i o n   o f   t a x a  
s e n s i t i v e   t o  suspended sediments  and  substrate  composit ion such  as t h e  

Ephemeroptera and Plecoptera.  Those taxa more t o l e r a n t  of suspended 
sed iments   o r   f ine   tex tu red   subs t ra te ,  such  as t h e   D i p t e r a  showed an 

i n c r e a s e   i n   p e r c e n t  abundance  compared to   o the r   o rde rs  however  actual 
numbers  were  reduced. Despi te   the  low numbers o f   i n d i v i d u a l s   f o u n d  and 

the   complex i ty   o f   aquat ic  systems the  above r e s u l t s   p a r a 1   l e 1   r e s u l t s  as 

descr ibed by o ther   au thors  as noted  prev ious ly .  
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QUALITY  CRITERIA 
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APPENDIX I I 

WATER QUALITY DATA 



- 74 - 

APPEND I X  I I 

PARAMETER 

F l o w  
m3/s 

T e m p e r a t u r e  
( O C )  

D 1 sso I v e d  
O x y g e n  
( m g /  I )  

% D.O. 
S a t u r a t i o n  
( % )  

a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 

L I T T L E  GOLD PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

0.09 
0.20 
0.23 
0.1 1 
0.1 4 
0.1 0 

5 -0 
6.0 
4.7 
9.0 
2.5 
2.0 

"- 
15.2 
11.4 
1 1 . 1  
11.4 
12.4 

" - 
133 
97.1 
105 
91.4 
98.7 

STATION 4 

0.1 1 
0.24 
0.44 
0.1 5 
0.23 
" - 

6.0 
8.5 
9.0 
9.0 
6.0  
3.0 

"- 
11.9 
9.9 
9.9 
10.7 
12.0 

"- 
1 1 1  
93 - 8  
93 .8 
94.1 
97.7 

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

a )  J u n e  25,  1982 d )   A u g u s t  10, 1982 
b )   J u l y  7,  1982 e )  S e p t e m b e r  2 ,  1982 
c )  J u l y  20,  1982 f )  S e p t e m b e r  2 3 ,  1982 

STATION 5 

0.15 
0.25 
0.52 
0.1 2 
0.17 -" 

6.0 
1 1  .o 
9 .o 

11.0 
5 -0 
3.5 

"- 
10.8 
9.5 
9.8 
10.7 
12.1 

107 
90.0 
97 .O 
91  .9 
99.2 

P 



a 

# APPEND I X  I I 

PARAMETER 

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

( m l / l )  

Non-F i 1 t e r -  
a b  l e  R e s i d u e  
I n   S i t u  

( m g /  I 1 

N o n - F i l t e r -  
ab  l e  R e s   i d u e  
L a b o r a t o r y  

(mg/  I ) 

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

(mg/ I l 

D a t e  samp 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 

a )   J u n e  2 5 ,  1982 
b )   J u l y  7 ,  1982 
c )  J u l y  2 0 ,  1982 

- 75 - 

L I T T L E  G O L D  PLACER STUDY 
WATER QUALITY DATA 

STAT I ON 
1 

co.1 
(0.1 
<O.l 
<0.1 
co.1 
<0.1 

" 

" 

<5 
< 5  
2 0  
< 5  

" 

< 5  
< 5  
( 5  
17 
7 

" 

95 
67 
104 
117 
105 

STAT I ON 
2 

>40 
" 

>40 
0.1 

co.1 
>40 

" 

" 

62000 
220 
90 

30000 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

STAT I ON 
3 

" 

" 

(0.1 
0.1 

co.1 
>40 

" 

" 

10000 
360 
10 

33000 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

d )   A u g u s t  10, 1982 
e l   S e p t e m b e r  2 ,  1982 
f )  S e p t e m b e r  2 3 ,  1982 

STAT I ON 
4 

<o. 1 
0.1 

>40 
0.1 

co.1 
>40 

" 

" 

31000 
90 
30 

28000 

" 

106 
80900 

68 
30 

24700 

" 

132 
218 
137 
1 48 

3040 

STAT I ON 
5 

0.5 
co.1 
6.5 
0.1 

<o. 1 
>40 

" 

" 

37 00 
110 
140 

25000 

" 

82 
6250 
134 
131 

22900 

" 

168 
146 
1 37 
149 
152 



APPENDIX I I 

, 

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 )  

C o n d u c t  i v i t y  
L a b o r a t o r y  

(urnhos/cm) 

a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 76 - 

L I T T L E  GOLD PLACER STUDY 
WATER QUALITY DATA 

STAT I ON 
1 

" 

7.3 
7.2 
8.4 
7.4 
7.8 

" 

7.4 
6.5 
7.1 
7.4 
7.7 

5 2  
85 
56 
81 
9 0  
78 

" 

1 39 
9 8  

1 5 3  
1 6 6  
1 4 6  

STAT I ON 
3 2 

STAT I ON 

" " 

" " 

" " 

7.6 

6.8  6.9 
7.3  6.3 
8.0 

" I " 

" 1 " 

"+ 
" 

" 

" 

" 

" 

" 

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

a )   J u n e  2 5 ,   1 9 8 2  
b )   J u l y  7 ,   1 9 8 2  
c )  J u l y  2 0 ,   1 9 8 2  

d l   A u g u s t   1 0 ,   1 9 8 2  
e )   S e p t e m b e r   2 ,   1 9 8 2  
f )  S e p t e m b e r   2 3 ,   1 9 8 2  

STAT I ON 
4 

" 

6.7 
6.7 
7.6 
7.5 
7.0 

" 

6 e 7  
6.4 
7.1 
7.4 
6.9 

1 1 0  
1 3 0  

75 
1 3 2  
127 

8 8  

" 

2 0 3  
1 5 6  
2 0 0  
208  
183  

STAT I ON 
5 

" 

7.2 
7.5 
8.3 
7.3 
7.1 

" 

7.1 
6 . 6  
7 - 6  
7 - 6  
6.9 

1 5 4  
1 6 0  
1 1 0  
1 4 2  
1 3 3  

8 5  

" 

26  2 
142  
2 0 3  
21  2 
171 
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APPEND I X  I I 

PARAMETER 

Co I o u r  
(co I our  

un i t s )  

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

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

( m g / l  a s  
CaC03) 

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

( m g / l  a s  
CaC03) 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

L I T T L E  G O L D  PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

" 

<5 
18 
< 5  
10 
5 

" 

0.1 
0.1 
0.1 
0.7 

(0.1 

" 

49 
33 
56 
60 
56 

" 

66 .O 
42 .a 
78.0 
81  .9 
67.5 

STATION 4 

" 

15 
> t o o  

10 
10 
"* 

" 

28 .o 
3 25 00 

18.0 
4.7 

26800 

" 

a4 

78 
ao  

54 

44 

" 

110 
2470 
110 
108 

1840 

STATION 5 

" 

15 
>loo 

10 
10 
"* 

" 

28 .o 
650 
22.0 
14.5 

26000 

" 

114 
56 
78 
80 
42 

" 

149 
466 
115 
116 

1900 

* U n a b l e   t o   o b t a i n   c o l o u r   m e a s u r e m e n t   d u e   t o   h i g h   t u r b i d i t y .  

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

a )   J u n e  25,  1982 d )   A u g u s t  10, 1982 
b )  J U I Y  7 ,  1982 e )   S e p t e m b e r  2, 1982 
C )  J U I Y  20,  1982 f )  S e p t e m b e r  2 3 ,  1982 
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APPENDIX I I 

PARAMETER 

T o t  a I 
PO4-P 

(mg/  I ) 

N O 3 - N  
( m g /  I )  

a 
b 
C 
d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 

L I T T L E  G O L D  PLACER STUDY 
WATER QUALITY DATA 

STATION 1 STATION 4 

" - 
< O  - 0 0 5  
0.006 
0.006 
0.010 
0.005 

" - 
0.133 

72 e6 
0 .076 
0.024 

37 - 2  

"- " - 
<Om005 

0 .042  < O  -005 
<0.005 <0.005 
<0.005 <0.005 

0.025 <0.005 
0.008 

"- 
0.01 
0.08 
0.02 
0.04 
(0.01 

"- 
0.02 
0.04 
0.03 
0.03 
0.1 0 

"- 
<0.005 
0.015 

< O  .005 
< O  - 0 0 5  
<0.005 

" - 
0.008 
0.040 
0 .009 

< O  -005 
0.145 

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

a )  J u n e  2 5 ,   1 9 8 2  d )  A u g u s t   1 0 ,   1 9 8 2  
b )   J u l y  7 ,  1 9 8 2  e )  S e p t e m b e r   2 ,   1 9 8 2  
c) J u l y  20 ,   1982  f 1 S e p t e m b e r   2 3 ,   1 9 8 2  

STATION 5 

"- 
0.094 
3.20 
0.120 
0.1  25 

33.0 

"- 
0.009 
0.025 

<0.005 
<0 .005  

0.039 

-" 
0.01 
0.06 
0.03 
0.03 
0.1  4 

"- 
0.009 
0.036 
0 .007 

<0.005 
0.1  25 
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I 

a 

CL 

rl 

APPENDIX I I 

PARAMETER 

I 

I f  
C I  

b (mg/ I ) 

a 

e 
d 
C 

I f  

A I  
(mg/ I 1 

L I T T L E  GOLD PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

"- 
17.9 
13.0 
21.7 
25 - 0  
19.2 

-" 
(0.5 
( 0  e 5  

0.5 
0.6 
0.6 

"- 
(0.03 
(0 .03 
(0.03 
( 0  -03 
(0 .03 

"- 
(0.05 

0.07 
(0.05 

0.1 7 
( 0  -05 

STATION 4 

" - 
1 9   - 8  
28.2 
24.1 
21.5 
48.5 

" - 
0.7 
7.8 
0.6 

(0.5 
4.0 

"* 

(0.03 
(0 .03 
(0 .03  
< O  -03 
( 0 . 0 3  

-" 
0.84 

1 8 6  
0.71 
0.37 

1 2 4  

STATION 5 

"- 
21.7 

4.3 
23.9 
28 .O 
50.0 

"- 
0.5 
3.6 
0.6 
0.7 
5 . 7  

"- 
(0.03 
(0.03 
(0 .03  
(0 .03  
(0 .03  

-" 
0.55 

30 .O 
1.03 
0.80 

1 3 4  

Dal-e s a m p l e d :  

a )  J u n e  25 ,   1982  d )  A u g u s t  1 0 ,   1 9 8 2  
b )  J u l y  7 ,   1 9 8 2  e )  S e p t e m b e r  2, 1 9 8 2  
c )  J u l y  2 0 ,   1 9 8 2  f )  S e p t e m b e r  2 3 ,  1 9 8 2  
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APPENDIX I I 

PARAMETER 

I 
As 
( m g /  I ) 

a 
b 
C 
d 

l e  

I f  
I 

Ba 
( m g /  I )  

I f  
Be 
(mg /  I 1 

Ca 
( m g /  I )  

L I T T L E  GOLD PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

-" 
<0.0005 
<0.0005 
< O  - 0 0 0 5  
<0.0005 
<0.0005 

" - 
0.031 
0 .022 
0 .033 
0.039 
0.024 

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

-" 
13.8 

8.6 
16.6 
17.4 
13.6 

STATION 4 

"- 
0.0007 
0 .0095 
0.0008 

<0.0005 
0 .0075 

e" 

0.085 
9.1  2 
0.073 
0.055 
5 - 8 2  

"- 
(0 .oo 1 

0.018 
<0.001 
< 0 . 0 0 1  

0.016 

"- 
22.4 

236 
21.9 
22.9 

1 4 7  

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

a )  J u n e   2 5 ,   1 9 8 2  d )  A u g u s t  10, 1 9 8 2  
b )   J u l y  7 ,  1 9 8 2  e )   S e p t e m b e r  2, 1 9 8 2  
c )  J u l y  2 0 ,   1 9 8 2  f )  S e p t e m b e r   2 3 ,   1 9 8 2  

STATION 5 

"e 

0.0008 
0 .0067 
0.0009 

(0 a0005 
0.0052 

-" 
0.087 
1.21 
0.089 
0.082 
6.96 

"- 
(0 .001 

0 .002 
<0.001 
(0 .oo 1 

0.016 

" - 
33.8 
36  - 2  
22.5 
23.8 

1 36 

I, 

I )  

c 
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I 

111, 

rl 

APPEND I X  I I 

PARAMETER 

Cd 
(mg/  I ) 

co 
( m g /  I )  

C r  
(mg/  I )  

c u  
(mg/  I )  

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 

L I T T L E  GOLD PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

"- 
< O  a0005 
< O  - 0 0 0 5  
<0.0005 
< O  e0005 
<0.0005 

" - 
<0.005 
<0.005 
<0.005 
<0.005 
< O  - 0 0 5  

"- 
(0 .005 
< O  - 0 0 5  
<o.oos  
( 0  - 0 0 5  
< O  e005 

"- 
0.004 
0.004 
0.001 
0.001 

<o .001 

STATION 4 

"- 
< 0 . 0 0 0 5  

0 .0280 
< O  .0005 
<0.0005 

0 .0080 

"- 
<0.005 

0.771 
<0.005 
( 0  - 0 0 5  

0.948 

"- 
( 0  - 0 0 5  

0.375 
< 0 . 0 0 5  
(0 .005 

0.236 

"- 
0.01 1 
1.48 
0 .002 
0 .002 
0 .898 

STATION 5 

-" 
< O  -0005  

0.0029 
( 0  - 0 0 0 5  
< 0 * 0 0 0 5  
0.0060 

"- 
<0.005 

0.098 
CO.005 
<0.005 

0.905 

"- 
< O  - 0 0 5  

0.090 
( 0  - 0 0 5  
<O - 0 0 5  

0 .268 

"- 
0.007 
0.128 
0 . 0 0 5  
0.005 
0.884 

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

a )  J u n e   2 5 ,   1 9 8 2  d )  A u g u s t  10,  1 9 8 2  
b )   J u l y   7 ,   1 9 8 2  e )   S e p t e m b e r   2 ,   1 9 8 2  
c )  J u l y   2 0 ,   1 9 8 2  f 1 S e p t e m b e r   2 3 ,   1 9 8 2  
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APPEND I X  I I 

t- PARAMETER 

- 
a 
b 
C 
d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

L I T T L E  G O L D  PLACER STUDY 
WATER Q U A L 1  TY DATA 

STATION 1 

"- 
0.024 
0.032 

< O  - 0 0 5  
0.155 

( 0  e005 

" - 
<o . 0 0 0 2  
<0.0002 
<0.0002 
<0.0002 
<0.0002 

" - 
0.58 
0.39 
0.30 
0.66  
0 . 6 0  

"- 
7 - 6  
5.0 
8.8 
9.1 
8.3 

STATION 4 

"- 
1.48 

148 
1.89 
0.877 

167 

" - 
< 0 . 0 0 0 2  

0 .0020 
< 0 . 0 0 0 2  
< 0 . 0 0 0 2  

0 . 0 0 1 0  

" - 
0.93 
8.50 
0.85 
0.80 

12.2 

" - 
1 1 . 1  

137 
1 1 . 4  
11.4 

1 1 4  

STATION 5 

" - 
1.12 

5 1  - 3  
2.40 
1.77 

167 

e" 

<0 .0002 
<0.0002 
<0.0002 
< 0 . 0 0 0 2  

0.0010 

" - 
1.43 
2.70 
0.88 
0.86 

26.4 

" - 
14.3 
26 - 2  
1 1 . 5  
1 1  - 8  

121  

a )  J u n e   2 5 ,   1 9 8 2  d )  A u g u s t   1 0 ,   1 9 8 2  
b )  J u l y   7 ,   1 9 8 2  e )   S e p t e m b e r  2 ,  1 9 8 2  
c )  J u l y   2 0 ,   1 9 8 2  f )  S e p t e m b e r   2 3 ,   1 9 8 2  

(L 
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APPEND IX I I 

PARAMETER 

Mn 
(mg/ I ) 

MO 

(mg/  I ) 

Na 
(mg/  I ) 

N i  
( m g /  I )  

a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 
a 
b 
C 

d 
e 
f 

- 

L I T T L E  G O L D  PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

"- 
0.008 

<o  .oo 1 
(0.001 
( 0  .oo 1 
<o ,001 

"- 
(0.005 
<0.005 
<0.005 
(0 - 0 0 5  
<O e005 

"- 
0.9 
0.3 
1 .o 
1 .o 
0.9 

-" 
< 0 . 0 2  
(0.02 
(0.02 
<0.02 
<0.02  

STATION 4 

-" 
0.259 
5.85 
0 .305 
0 .090 
8.79 

"- 
<0.005 
<0.005 
<0.005 
<0.005 
< O  - 0 0 5  

"- 
1 . l  
5.7 
1 .o 
1 . 1  
2.3 

" - 
c0.02 

1.57 
<0.02  
<0.02  

0 - 9 4  

STATION 5 

"- 
0.222 
4.22 
0.370 
0.1 4 6  
9.01  

"- 
<O. 0 0 5  

0.009 
< O  - 0 0 5  

0.005 
<0.005 

"- 
1.4 
2.2 
1.1 
1 . 1  
2.4 

" - 
C0.02 

0.17 
<0.02 
(0.02 
0.93 

~~~ ~ 

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

a )   J u n e   2 5 ,   1 9 8 2  d )  A u g u s t  IO, 1 9 8 2  
b )  J u l y  7,   1982 e )   S e p t e m b e r   2 ,   1 9 8 2  
c) J u l y   2 0 ,   1 9 8 2  f )  S e p t e m b e r   2 3 ,   1 9 8 2  
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APPEND I X  I I 

Pb 
(mg/ I )  

Sb 
(mg/  I 1 

Se 
( m g /  I )  

S i  
(mg/ I )  

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

L I T T L E  GOLD PLACER STUDY 
WATER QUALITY DATA 

I STATION 1 

" - 
0.008 

<0.001 
(0 .oo 1 
(0.001 
(0.001 

"- 
b (0 -05 
C <0.05 
d ( 0  -05 
e (0.05 
f <0.05 

a 
b 4.0 
C 3.9 
d 4.2 
e 4.3 
f 4.3 

"- 

STATION 4 

" - 
<0.001 

0.050 
( 0  .oo 1 
(0.001 

0.090 

"- 
< O n 0 5  
(0.05 
(0.05 
< O n 0 5  

0.19 

" - 
<0.05 
(0.05 
(0.05 
<0.05 
< O  e05 

"- 
4.3 
4.5 
4.4 
4.5 
4.1 

STATION 5 

"- 
(0.001 

0.027 
<o  .oo 1 
<0.001 

0.1 3 0  

"- 
< O m 0 5  
(0.05 
(0.05 
(0.05 

0.23 

-- - 
(0.05 
( 0  -05 
(0.05 
(0.05 
<0.05 

"- 
4.6 
4.2 
4.3 
4.5 
3.9 

a )   J u n e   2 5 ,   1 9 8 2  d )  A u g u s t  10,  1 9 8 2  
b )   J u l y  7 ,  1 9 8 2  e )   S e p t e m b e r   2 ,   1 9 8 2  
c )  J u l y  20, 1 9 8 2  f )  S e p t e m b e r   2 3 ,   1 9 8 2  
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APPENDIX I I 

-A PARAMETER 

(mg/ I )  b 
'C 

d 
e 
f 

I f  
T i  
( m g /  I ) 

I f  ----" 
V 
(mg/  I )  

L I T T L E  G O L D  PLACER STUDY 
WATER QUALITY DATA 

STATION 1 

"- 
(0.01 
(0.01 
(0.01 
( 0  .o 1 
(0.01 

"- 
0.044 
0.028 
0.051 
0.054 
0.043 

"- 
(0 .002 
(0 .002 
(0.002 
(0 .002 
(0 .002 

-" 
(0.01 
(0.01 
(0 .01  
<0.01 

(0.01 

STATION 4 

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

"- 
0.098 
0.863 
0.079 
0.074 
0 .655 

-" 
0.024 
0.036 
0.01 2 
0.008 
0 .207 

-" 
(0.01 

0.51 
( 0 . 0 1  
<0.01 

0.61 

STATION 5 

"- 
(0.01 
(0 .o 1 
(0.01 
(0.01 
(0 .01  

"- 
0.185 
0.1 5 0  
0.088 
0.082 
0.646 

"- 
0.017 
0.166 
0.021 
0.017 
0.143 

"- 
( 0  .o 1 

0 .13 
(0.01 
<0.01 

0.60 

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

a )   J u n e   2 5 ,   1 9 8 2  d )  A u g u s t  1 0 ,  1 9 8 2  
b )  J u l y   7 ,   1 9 8 2  e )   S e p t e m b e r   2 ,   1 9 8 2  
c )  J u l y   2 0 ,   1 9 8 2  f )  S e p t e m b e r   2 3 ,   1 9 8 2  
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APPENDIX I I 

PARAMETER 

Zn 
( m g /  I 1 

L I T T L E  G O L D  PLACER STUDY 
WATER QUALITY DATA 

STATION 1 STATION 5 STATION 4 

a 
b 
C 

0.019 0.020  0.1 10 

1.99 2.10 <0 .002  f 
< 0 . 0 0 2  c0 .002  < o  .002  e 

0.012  0.009 <o .002 d 
0.344  2.96 0.013 

" - -"  "- 

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

a )   J u n e   2 5 ,   1 9 8 2  d l  A u g u s t   1 0 ,   1 9 8 2  
b )  J u l y  7 ,  1 9 8 2  e )   S e p t e m b e r   2 ,   1 9 8 2  
c )  J u l y   2 0 ,   1 9 8 2  f )  S e p t e m b e r   2 3 ,   1 9 8 2  

P 

m 
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APPENDIX I  I I 

SED I MENT DATA 
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I ? ? ? ? ?  
1 O c N O I s  

N 

I T S ? ? ?  
I O N  ‘ 0 8  

I ? ’ I P S ?  
I - N r - O -  - 

c c 

m .  
N h  

1 0 n u v  m ’ c  a n u v m -  

c 

I 
c 

N 

I 
c 

n 
I - 



I 
- a9 - 

I 

5 
r- 
In 

V 
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E, 
0 
In 

I 
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r- 

c 

- 
9 
0 
*? 
0 

I 

0 
5! 

- 
J 
0 

c 

I 
0 
0 n 

I ';???P 
I " I n N O  

" C  \o 

, 

* 

I 

I ??1;?? 
I m o n o -  

I ' : ? ? ? ?  
I - 0 - O O  

In - a  

c 

I 

d 

N 

I 

Q 

m 
I 
d 

w l z  



- 90 - 

L 

m 

5 
0 
0 n 
I 

0 
52 

- 
E 

0 
2 
c 

I 
0 
0 n 

NOD 
N 

E 2  
- n  

N N  " 

I ? 7 ? ? ?  
I z 0 - m -  

c 
N 
OD 

s 2  
m 

I ? ? 7 ? ?  
I - T o o - -  

N - I n o -  
I ? ? 9 7 ?  

2 -  

c 

I 

Ln 

N 

I 
Ln 

n 
I 

In 
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APPENDIX I V  

BOTTOM  FAUNA  DATA 
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APPEND I X  I V TABLE 1 BOTTOM FAUNA TAXONOM I C  GROUPS 

1 .  

2 .  

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

P h y  I um: 

P h y  I um: 
C l a s s :  
O r  d e r  : 
F a m i  I y :  

3. 
4 .  

5 .  

6. 
7. 
8. 

9 

O r  d 
Fam 

Fam 

e r :  
I l y :  

f l y :  

P h y  I um: 
C l a s s :  
O r d e r :  

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

10 .  

Fami  1 y 
1 1 .  
1 2 .  
13. 

F a m i l y :  
1 4 .  
1 5 .  
16 

P l a t y h e l m i n t h e s  
T u r b e l   l a r l a  
T r  IC l a d i d a  
P I   a n a r  i i d a e  
P h a g o c a t a   m o r g a n i  

N e m a t o d a  

A n n e l  i d a  
01 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 l 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  

S t y l o d r i l u s  h e r i n g a n u s  

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

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

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  

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

Ch I o r o p e r  I i n a e  
A I  l o p e r l a  sp. 
P a r a l e u c t r a   s p .  
U t a p e r l a   s p .  

N e m o u r   i d a e  
Z a p a d a   s p a  
P o d m o s t a   s p .  
u n   i d .  dam. 
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APPENDIX IV TABLE 1 BOTTOM F A U N A  T A X O N O M  I C  GROUPS ( C o n t  i n u e d )  

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

Ame I e t u s   s p .  
B a e t i s  sp. 

Fami  I 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 h o p t e r a  
F a m i l y :   L i m n e p h l l i d a e  

C l o s t o e c a   s p .  

O r d e r :  D i p t e r a  
F a m i l y :  Ch 1 r o n o m  i d a e  

Ch i r o n o m  i d a e   a d u  I t  
C h i r o n o m i d a e   p u p a e  
B r l  I I i a  sp. 
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 .  
C o r y n o n e u r a   s p .  
E p o i c o c l a d i u s  s p a  
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 -  
M l c r o p s e c t r a   s p a  
O r t h o c l a d i u s   s p .  
S m i t t i a  sp. 

S u b f a m i l y :   D i a m e s i n a e  
O iamesa   sp .  
Monod i amesa  sp.  
P s e u d o d i a m e s a  s p -  
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APPEND I X  IV TABLE 1 BOTTOM  FAUNA  TAXONOMIC  GROUPS ( C o n t i n u e d )  

3 8 .  
39. 

4 1  

4 2 .  

F a m i  I y :  S i m u  I i d a e  
P r o s  i mu I i um s p .  
Gymnopa i s sp  

F a m i  l y :  T i p u l   i d a e  
T i p u l a  s p .  

O r d e r :  H y m e n o p t e r a  
Sub O r d e r :  A p o c r i t a  

Or d e r :  H o m o p t e r a  

F a m i l y :  Ap h i d a d a e  

L 

L 

Y 
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