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A )  INTRODUCTION 

The environmental programmes associa ted  with the  Jason property 

were i n i t i a t e d  because explorat ion work became s u f f i c i e n t l y  successful  

t h a t  it seemed l i k e l y  t h a t  a mine could be developed on s i t e .  The 

r e s u l t s  were expected t o  form p a r t  of environmental submissions t o  t h e  

Regional Environmental Review Committee of the  Department of Indian and 

Northern Affa i rs .  The explorat ion aspects  a r e  summarized below ( t h e  

t e x t  is from "Ogilvie J o i n t  Venture 1982 Exploration Programme", 

In-House Report No. 3-83) and the  environmental programmes a r e  d e t a i l e d  

i n  P a r t  ' 2 ' .  

Since i t s  discovery i n  1974, continuous explorat ion e f f o r t s  on the  

Jason property have r e s u l t e d  i n  the  discovery of t h r e e  Pb-Zn-Ag-(Ba) 

zones of mineral izat ion.  The property is located i n  the  eas tern  p a r t  

of t h e  Yukon Ter r i to ry ,  a t  Lat i tude  63O1O1N and Longitude 130°10'W on 

NTS map sheet  105-0-1 (Figure 1 ) .  The property can be reached v ia  the  

North Canol Road o r  by regu la r ly  scheduled Trans North Ai r l ines  f l i g h t s  

landing a t  t h e  MacPass gravel runway. The c l o s e s t  se t t lement ,  Ross 

River, is  es tab l i shed  230 kilometres south of Jason along t h e  North 

Canol Road (Figure 1 ) .  

The Jason property covers p a r t  of the  Selwyn Mountains and 

s t r add les  t h e  South Macmillan River near Macmillan Pass. Elevations on 

the  property range from about 1160 metres t o  over 2000 metres. The 

r e l i e f  i s  var iable ;  subdued and swampy i n  t h e  Macmillan River v a l l e y  

but rugged and s t eep  on the  higher ground. Outcrop is good along 

r idges  but  i s  general ly poor i n  t h e  va l l ey  bottoms. 

B )  CLAIMS 

A t o t a l  of 283 claims s t r add l ing  the  Mayo and Watson Lake Mining 

D i s t r i c t  boundaries make up t h e  Jason property. A l i s t  of claims 

recorded i n  each d i s t r i c t  follows (Table I1 and 111). 
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TABLE I 

L I S T  O F  MINERAL CLAIMS 
JASON PROPERTY 
MAY0 D I S T R I C T  

N o .  C l a i m  

ACE 1-14 
15-17 
2 2 - 2 4  
3 1 - 3 2  
36-38 

Jason 1 8 9 F R  
1 9 0 F R  
1 9 1 F R  

1 9 8 F R - 2 1 9 F R  
2 2 0 F R - 2 2 2 F R  
2 2 3 F R - 2 4 0 F R  

1-4 
7- 18 
2 1 
2 2  
2 3 - 2 6  
2 7 - 3 0  
45-48 
49-54 
55-61 
6 2  
6 3 
54-65 
66-68 
6 9 - 7 0  
7 1 - 7 2  
73-77 
7 8 
7 9 
8 0  
8 1 
8 2  
35 
36 
3 7 
38 
9 3 - 1 0 2  
1 0 3 - 1 0 4  
1 0 5 - 1 0 7  
1 0 8 - 1 1 3  
114 
1 1 7 - 1 2 2  
1 2 5 - 1 3 0  
141 

R e c o r d  N o .  R e c o r d  D a t e  

Y A 7 4 7 0 - Y A 7 4 8 3  O c t  . 2 6 / 7 6  
Y A 7 4 8 4 - Y A 7 4 8 6  I# 

Y A 7 4 8 7 - Y A 7 4 8 9  II 

Y A 7 4 9 0 - Y A 7 4 9  1 II 

Y A 7 4 9 2 - Y A 7 4 9 4  II 

YA 15148 June 1/77 
YA 15149 11 

YA 1 5 1 5 0  II 

YA 3 8 2 6 5 - Y A 3 8 2 8 6  Sept. 18/78 
Y A 3 8 2 8 7 - Y A 3 8 2 8 9  II 

Y A 4 1 2 8 8 - Y A 4 1 3 0 5  O c t .  5/79 
Y 9 6 1 9 2 - Y 9 6 1 9 5  A u g .  2 0 / 7 4  
Y 9 6 1 9 8 - Y 9 6 2 0 9  II 

Y 9 6 2  12 I1 

Y 9 6 2  13 11 

Y 9 6 2 1 4 - Y 9 6 2 1 7  It 

Y 9 6 2 1 8 - Y 9 6 2 2 1  11 

Y 9 7 9 8 6 - Y 9 7 9 8 9  J u l y  23/75 
Y 9 8 2 4 4 - Y 9 8 2 4 9  A u g .  8/75 
Y 9 8 2 5 0 - Y 9 8 2 5 6  11 

Y 9 8 2 5 7  II 

Y 9 8 2 5 8  II 

Y 9 0 2 5 9 - Y 9 8 2 6 0  II 

Y 9 8 2 6 1 - Y 9 8 2 6 3  II 

Y 9 8 2 6 4 - Y 9 8 2 6 5  II 

Y 9 8 2 6 6 - Y 9 8 2 6 7  II 

Y 9 8 2 6 8 - Y 9 8 2 7 2  II 

Y 9 8 2 7 3  II 

Y 9 8 2 7 4  I I  

Y 9 8 2 7 5  II 

Y 9 8 2 7 6  I1 

Y 9 8 2 7 7  II 

Y 9 6 2 2 4  A u g .  2 0 / 7 4  
Y 9 6 2 2 5  I1 

Y 9 6 2 2 6  11 

Y 9 6 2 2 7  11 

Y 9 8 2 7 8 - Y 9 8 2 8 7  A u g .  8/75 
Y 9 8 2 8 8 - Y 9 8 2 8 9  II 

Y 9 8 2 9 0 - Y 9 8 2 9 2  11 

Y 9 8 2 9 3 - Y 9 8 2 9 8  11 

Y 9 8 2 9 9  II 

Y 9 8 3 0 0 - Y 9 9 3 0 5  II 

Y 9 8 3 0 6 - Y 9 8 3 1 1  II 

Y 9 8 3  1 2  11 

I n  G o o d  Standinq* 

D e c .  31/97 
11 

I1 

D e c .  31/95 
I1 

D e c .  3 1 / 9 2  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 5  

I1 

I1 

II 

I1 

D e c .  31/2002 
II 

D e c .  31/2004 
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 4  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 0  
D e c .  31/96 

It 

D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 4  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 4  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 4  
D e c .  31/2005 
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 5  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 0  
D e c .  31/96 
D e c .  3 1 / 2 0 0 0  
D e c .  3 1 / 2 0 0 0  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 0  
D e c .  3 1 / 2 0 0 2  
D e c .  3 1 / 2 0 0 0  



T A B L E  I ( C o n t i n u e d )  
L i s t  of C l a i m s ,  
Jason Property, 
W a t s o n  L a k e  D i s t r i c t  

N o .  C l a i m  

Jason 142 
143 
144 
145 
146 
147 
148 
149 
150- 154 
155-156 
157 
I58 
159-160 

R e c o r d  N o .  

Y98313 
Y98314 
Y983 15 
Y983 16 
Y983 I7 
Y983 18 
Y98319 
Y98320 
Y98321-Y98325 
Y98326-Y98327 
Y98328 
Y98329 
Y98330-Y98331 

R e c o r d  D a t e  

A u g .  8/75 
I1 

11 

II 

I1 

I1 

II 

I1 

II 

I1 

I 1  

I1 

II 

I n  G o o d  Standing* 

D e c .  31/2003 
D e c .  31/2000 
D e c .  31/2003 
D e c .  31/2000 
D e c .  31/2003 
D e c .  31/2000 
D e c .  31/2003 

II 

II 

D e c .  31/2000 
D e c .  31/2002 
D e c .  31/2000 

11 

T o t a l  C l a i m s  193 M a y o  M i n i n g  D i s t r i c t  
90 W a t s o n  L a k e  M i n i n g  D i s t r i c t  - 
283 x 51.55 = 14,616.95 A c r e s  - 

* A s  of D e c e m b e r  31, 1982 



No. - 
3 
4 
6 
3 
2 
3 
2 
2 
4 
1 
1 

16 
2 
1 
4 
5 

1 
6 

3 
2 
1 
2 
4 
5 
1 
2 
2 
2 

- 

Claim 

Mike 8-10 
Ace 18-21 
Ace 25-30 
Ace 33-35 
Ace 39-40 
J a s o n  90-92 
Jason  115-1 I6  
J a s o n  123-124 
Jason  131-134 
J a s o n  135 
J a s o n  137 
J a s o n  161-176 
Mike 1-2 
Mike 3 
Mike 4-7 
J a s o n  177Fr.- 

181Fr. 
J a s o n  182Fr. 
J a s o n  I8  3Fr. - 

188Fr. 
J a s o n  192-194 Fr .  
J a s o n  195-196 Fr .  
J a s o n  197 Fr. 
J a s o n  33-34 
J a s o n  41-44 
J a s o n  84-88 
J a s o n  89 
Jason  19-20 
J a s o n  31-32 
Jason  39-40 

LIST OF CLAIMS 
JASON PROPERTY 

WATSON LAKE DISTRICT 

Record No. Record Date  

Oct. 26/76 
I1 

II 

I1 

I1 

Aug. 7/75 
11 

II 

11 

Nov. 12/75 
June  1 1/76 
Aug. 30/76 
O c t .  26/76 
June  1/77 

June 1/77 

June 1/77 
Sept .  25/78 

I1 

Auq. 23/74 
A U ~ .  23/74 

Y84530,84507-Y84510 Aug. 7/75 
Y845 I I 11 

Y96210-Y916211 Aug. 20/74 
Y96222-Y96223 I1 

Y96228-Y96229 II 

90 Claims T o t a l  Watson Lake Mining D i v i s i o n  

I n  Good S tand inq*  

Dec. 31/84 
II 

I t  

II 

II 

11 

II 

II 

Dec. 31/88 
Dec. 31/84 
Dec. 31/88 
Dec. 31/86 
Dec. 31/87 
Dec. 31/84 

II 

Dec. 31/85 

D e c .  31/85 
Dec. 31/83 
Dec. 31/83 
Dec. 31/83 
D e c .  3 7/88 
Dec. 31/88 

II 

Dec. 31/84 
Dec. 31/89 

11 

II 

* A s  o f  December 31,  1982 





C) HISTORY AND PRNIOUS WORK 

The Jason proper ty ,  which is about 45 k i lomet res  square i n  a r e a ,  

h o s t s  s t r a t i f o r m  massive su lphide  and bedded b a r i t e  Pb-Zn-Ag d e p o s i t s  

which a r e  l oca l i zed  i n  an Upper Devonian s h a l e - t u r b i d i t e  basin near 

Macmillan Pass.  It sha re s  t h i s  bas in  wi th  t h e  geo log ica l ly  s i m i l a r  Tom 

depos i t  which is loca t ed  about 6 k i lomet res  t o  t h e  e a s t .  

Work on t h e  Jason proper ty  was i n i t i a t e d  i n  1974 by t h e  Og i lv i e  

J o i n t  Venture a s  a r e s u l t  of qeologica l  and geochemical s t u d i e s  i n  and 

around t h e  Tom proper ty .  

Under t h e  d i r e c t i o n  of Clyde Smith, ex tens ive  geologica l ,  geochem- 

i c a l  and geophysical surveys combined wi th  diamond d r i l l i n g ,  l e d  t o  t h e  

discovery i n  1974 of t h e  Main Zone and i n  1978 of  t h e  South Zone. To 

t h e  end of 1978, a t o t a l  o f  7,340 metres  of diamond d r i l l i n g  had been 

completed. 

The proper ty  was opt ioned t o  Pan Ocean O i l  Ltd.  (now Aberford 

Resources Ltd.) i n  August of  1979. Under i t s  d i r e c t i o n ,  a f u r t h e r  

1,934 metres  of diamond d r i l l i n g  was c a r r i e d  out  i n  add i t i on  t o  expan- 

s ion  of t h e  g r i d  from 49.2 k i lomet res  t o  146.1 k i lomet res .  The e n t i r e  

g r i d  was t e s t e d  by s o i l  geochemistry and a g rav i ty  survey. The l a s t  

ho le  d r i l l e d  i n  1979 i n t e r s e c t e d  t h e  South Zone a t  depth below t h e  

i n i t i a l  discovery holes  of 1978. Diamond drill hole  79-51A i n t e r s e c t e d  

a 4.1 metre t r u e  th i ckness  of su lphides  which graded 2.6% Pb, 6.9% Zn 

and .4 oz/ton Ag. 

I n  1980, much of t h e  4,953 metres  of d r i l l i n g  were used t o  b e t t e r  

def ine  t h e  South Zone. The b e s t  i n t e r s e c t i o n  occurred i n  diamond d r i l l  

ho le  80-56B where a 20.0 metre t r u e  width of massive su lphides  grading 

25.78% Pb, 5.98% Zn and 12.0 oz/ton Ag was encountered. A s  a secondary 



o b j e c t i v e ,  g r a v i t y  and s o i l  geochemical anomalies were sys t emht i ca l ly  

t e s t e d .  This  l ed  t o  t h e  discovery of high grade massive su lphides  i n  

t h e  End Zone. 

The primary ob jec t ive  of t h e  1981 f i e l d  programme was t o  i nc rease  

grade and tonnage e s t ima te s  i n  t h e  Main, South and End Zones t o  t h e  

p o i n t  where underground explora t ion  could be j u s t i f i e d .  The programme 

was l a r g e l y  succes s fu l  a s  it increased  t h e  t o t a l  r e se rves  by 238 and 

g r e a t l y  enhanced the  d e f i n i t i o n  of t h e  Main and South Zones. 

D )  1982 DRILL PROGRAMME SUMMARY 

The 1982 progralnme was designed a s  an extension of l a s t  y e a r ' s  

exp lo ra t ion  e f f o r t  t o  de f ine  t h e  geometry of t h e  minera l ized  zones and 

inc rease  t h e  known reserves .  I n  1982, only t h e  South Zone was d r i l l e d .  

D r i l l i n g  s t a r t e d  on August 14 wi th  two d r i l l  r i g s  opera ted  by Heath and 

Sherwood D r i l l i n g  of Toronto and was completed by November 1. Four 

d r i l l  ho les  and one wedged ho le  were d r i l l e d  f o r  a  t o t a l  o f  2,866.64 

metres. The programme was succes s fu l  a s  four  holes  i n t e r s e c t e d  good 

grade minera l iza t ion .  

E)  ENVIRONMENTAL PROGRAIOIES SUMMARY 

The environmental programs began on a  s e r i o u s  b a s i s  i n  1980 ,  

fo l lowinq  d iscuss ions  with Department of Indian  and Northern A f f a i r s  

s t a f f  i n  Whitehorse. These programmes were cont inued through 1981 and 

1982. 

Five d i f f e r e n t  environmental programmes were supported by the  Jason  

P r o j e c t  i n  1982. They were: 



- completion of a  study of the  f i she ry  resources of the  property 

- completion of vegetat ion mapping of t h e  property 

- continuation of water chemistry sampling on the  property 

- continuation of s tud ies  of land reclamation techniques on t h e  
proper ty  

- continued support f o r  Yukon T e r r i t o r i a l  Government w i l d l i f e  
s t u d i e s  i n  the  Macmillan Pass region 

The c o s t s  of these  p r o j e c t s  incurred i n  1982, l i s t e d  i n  Appenix I ,  

t o t a l  $43,180.00. 

The f i s h e r i e s  study was executed f o r  Aberford by Monenco 

Consultants Limited. The f i n a l  r epor t  is included a s  Appendix 111. 

The vegetat ion mapping, a s  well  as  the  f i e l d  work f o r  the  water 

sampling program and t h e  reclamation study, was executed by in-house 

s t a f f .  The water and s o i l  chemistry analys is  was c a r r i e d  out  by Chemex 

Laboratories. The r e s u l t s  of t h e i r  work a r e  assembled i n  Appendix 11. 

In-house repor t s  a r e  not ye t  complete. 

The Yukon T e r r i t o r i a l  Government continued w i l d l i f e  s tud ies  i n  t h e  

region of the  Macmillan Pass mineral p roper t i e s  and Aberford has 

continued t o  provide a share  of the  indust ry  support f o r  those s tud ies .  

The Yukon T e r r i t o r y  Government have not ye t  forwarded copies of r e s u l t s  

of t h e i r  1982 s tudies .  



STATEMENT O F  QUALIFICATIONS 

GLENN Re BROWN 

I ,  Glenn R. Brown, of Calgary, Alherta  hereby c e r t i f y  t h a t :  

I am a B io log i s t  r e s i d i n g  a t  118 Ninth S t r e e t ,  N.W., 

Calgary, Alberta  and am c u r r e n t l y  employed by Aberford 
Resources Ltd. of 300 F i f t h  Avenue, S.W., Calgary, 
Alherta .  

I graduated from t h e  Univers i ty  of I l l i n o i s  i n  1980 wi th  
an M.Sc. i n  Biology and have p r a c t i c e d  my p ro fe s s ion  
s i n c e  t h a t  time. 

I am a member i n  good s tanding  of t h e  Alber ta  Socie ty  of 
P ro fe s s iona l  B io log i s t s .  

I designed and executed, o r  supervised,  t h e  f i e l d  work 
c a r r i e d  ou t  by Aberford Resources Ltd. which forms t h e  
b a s i s  f o r  t h e  environmental work descr ibed  i n  this 
repor t .  

Date: January 24th,  1983 
L'~lenn R. Brown 



A P P E N D I X  I 

EXHIBIT 'A' 

STATEMENT OF EXPENDITURES 



This is Exhibit  ' A ' ,  a t tached t o  and formerly p a r t  of t h a t  c e r t a i n  
Application f o r  a C e r t i f i c a t e  of Work of Jacques R. Dumouchel dated t h e  
21st day of December, 1982. 

The following i s  a de ta i l ed  statement of expenditures f o r  the  period of 
January I s t ,  1981 t o  December 31s t ,  1982, inc lus ive .  



EXHIBIT ' A '  

1982 JASON ENVIRONMENTAL EXPENDITURES 

Support f o r  In-House S t u d i e s  

Water Chemistry Analysis 
S o i l  Chemistry Analysis 
Seeds and F e r t i l i z e r  
P l a n t  P r e s s  and Suppl ies  
Thermometers and Rain Gauges 

Travel  Expenses 
Plane Fares  
Vehicle  Rental 
Hotel Cos ts  

Miscellaneous Expenses 
SUBTOTAL 

S t a f f  Time 
W. J. Stephen 9 days x $250/day Jan.1 - J u l y  8 
G. R. Brown 85 days x $200/day Jan.1 - Dec. 30 
J. Pearson 7 days x $85/day May 24 - Sept.  30 
A. Clark 3 days x $50/day August 

F i e l d  Support Cost 
G.  R. Brown 40 days x $30/day May 30 - Sept .  30 
J. Pearson 7 days x $30/day May 24 - Sept.  30 
A. Clark 3 days x $30/day August 

IN-HOUSE EXPENSES TOTAL 

Contracted S t u d i e s  
Yukon T e r r i t o r i a l  Government: 1982 MacMillan Pass  

Regional Study (from A p r i l  1 0 D e c .  30) 
Monenco F i s h e r i e s  Study ( J a n  1 t o  J u l y  31)  

CONTRACTED STUDIES TOTAL 

GRAND TOTAL 

Cost D i s t r i b u t i o n :  

This  work a p p l i e s  t o  a l l  c la ims on t h e  Jason  Proper ty .  

T o t a l  Claims: 193 Mayo Mining D i s t r i c t  
90 Watson Lake Mining D i s t r i c t  

-- 

283 Claims 

Expendi tures  pe r  claim: $43,180.00 t 283 Claims = $152.58 p e r  claim. 



A P P E N D I X  I 1  

WATER AND S O I L  CKEMISTRY m S U L T S  



CHEMEX 
CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 

TELEPHONE (403) 276-9627 TELEX 038-25541 
EDMONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 

TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSIS 

MINERAL a GAS WATER OIL * SOILS VEGETATION * ENVIRONMENTAL ANALYSIS 
ABERFORD RESOURCES L T D  AUGUST 6, 1982 

WATER ANALYSIS  DATE 

RECEIVED JUNE 29, 1982 82 0036 5 
PROJECT NO. 

PAKAMt 1 kKb HtSb I.A. JUNE 13  

CALC I UM 12.7 
MAGNESIUM 2.1 
C H O R I D E  <O. 5 
SULFATE 20.2 
T. A L K A L I N I T Y  20. 
P H .30 
CONDUCTANCE 80.9 
COLOUR 5 
T U R B I D I T Y  32. 
T. DISSOLVED S O L I D  -- 
T. SUSPENDED SOLID 
A C I D I T Y  1.0 
NITRATE-NITRITE  .028 
TOTAL PHOSPHOROUS TOTAL 0.181 D IS5 
CADMIUM - - 0.001 - - -  " ---- <o. 001 
COPP 0.007 
IRON 4.5 .03 
Z I N C  0.050 0.035 
LEAD 0.017 (0.002 
BAR I UM - .50 

- - - - - .07 -- - - - - -* 
T. HARDNESS 
S. REACTIVE PHOSPPATE ( O K l 4  0.005 
S. ORGANIC PHOSPHATE 0.036 
S. ORGANIC CA9BON 1,2 

- - - -" --- .55 - --- - - - <. 01 

M E M B E R  
C A N A D I A N  T E S T I N G  
ASSOCIATION 

CERTIFIED BY 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

ANALYSIS 

4 MINERAL 4 GAS WATER OIL SOILS 4 VEGETATION a ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES L T D  AUGUST 6, 1982 

WATER ANALYSIS DATE 

RECEIVED JUNE 2 9 ,  1982 PROJECT NO. 82 0036 

I PARAMETERS HESS T. 6. JUNE 13 

CALC I UM 11.9 
MAGNESIUM 2.0 
C H O R  I D E  <O. 5 
SULFATE 18.3 
T. A L K A L I N I T Y  - -  - - 18 
PH 7. 
CONDUCTANCE 72.6 
COLOUR 5 

TURBIDITY 25. 

T. DISSOLVED SOLIDS -- - - 50. 0 - - _ - a _ _ - - -- "- - -- --- -- 
T. SUSPENDED SOLIDS 14. C 
A C I D I T Y  2.0 
NITRATE-NITRITE .023 
TOTAL PHOSPl-!€lROUS TOTAL 0.148 D ISS 
CADMIUM ._!?-.oOl_ .. 
COPPER 0.006 
IRON 2.3 .04 
Z I N C  0.071 0.034 
LEAD 0.014 (0.002 
BAR I UM .- . .- ---- 
T. HARDNESS 37.9 
S. REACTIVE PHOSPHATE (OP04 0.007 
S. ORGANIC PHOSPHATE .027 
S. ORGANIC CARBON 1 ;  0 
T. KJELDAI-L NITROGEN . _.. -. .._ . -.__..-..-.,---m--- 

AMMONIA <. 01 

CANADIAN TESTING 
ASSOCIATION 

CERTIFIED BY - 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 5OTH AVE. EDMONTON,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSIS 

@ MINERAL . GAS WATER * OIL a SOILS VEGETATION ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES L T D  AUGUST 6, 1 9 8 2  

WATER ANALYSIS DATE 

RECEIVED JUNE 29 ,  1 9 8 2  PROJECT NO. 82 0036 2375 

PARAMETERS BRIDGE A JUNE 1 3  

CALC I UM 11.9 

MAGNESIUM 1.7 

C H O R  I D E  <O. 5 

SULFATE 24 .9  

T. A L K A L I N I T Y  - "--- 9 .6  
P H 
CONDUCTANCE 7 5 . 0  
COLOUR 10 
TURBIDITY 24. 
T. DISSOLVED SOLIDS-  --- - - - - a - --- 51.0  -- - - - - -- -- 
T. SUSPENDED SOLIDS 20. 
A C I D I T Y  2 . 0  

C 

N ITRATE-NITRITE . 0 1 9  
TOTAL PHOSPHOROUS TOTAL 0 .200  D I S  
CADMIUM - - - 

COPPER 
IRON 
ZINC 
LEAD 
BARIU ... .-. - -  .- -. 2 .06  . 0 6  

" - -  -. -- 

T. HARDNESS 36.7  
S. REACTIVE PHOSPHATE ( O P 0 4 )  <O. 003 

S. ORGANIC PHOSPPATE . 0 4 8  
S. ORGANIC CARBON 0- 6 
T. K J E L D A H  NITROG -- - -- - - - - - - - - - -- - -  . 4 0  - .  
AMMONIA <. 01 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSIS 

* MINERAL * GAS WATER 9 OIL SOILS VEGETATION * ENVIRONMENTAL ANALYSIS 

ABUiFORD RESOURCES L T D  AUGUST 6, 1982 

WATER ANALYSIS DATE 

RECEIVED JUNE 2 9 ,  1 9 8 2  PROJECT NO. 
82 0036 5 2 3 7 5  

PARAMETERS BRIDGE B JUNE 1 3  

CALC I UM 
MAGNESIUM 
C H O R  I D E  
SULFATE 
T. A L K A L I N I T Y  - 
P H 
CONDUCTANCE 1 0 8 .  
COLOUR 1 0  
T U R B I D I T Y  19. 
T.  DISSOLVED SOLIDS - - - 72.0 
T. SUSPENDED SOLIDS 18.  
A C I D I T Y  2 . 0  
N I  TRATE-N I T R  I T E  . 0 4 5  
TOTAL PHOSPHOROUS TOTAL 0.22 D 1s 
CADM I U 
COPPER 
IRON 4.8 .ll 
Z I N C  0.18 0.16 
LEAD 0 .012  <O. 0 0 2  
BAR I UM 
T. HARDNESS 54.1  
S. REACTIVE PHOSPHATE ( O m 4  1 <O. 0 0 3  

S. ORGANIC PHOSPHATE . 0 5 3  
S. ORGANIC CARBON 0.7 
T. KJELDAH- NITROG 
AMMONIA 

CANADIAN TESTING 
ASSOCIATION 

CERTIFIED BY 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE @F ANAL'/SIS 

* MINERAL GAS * WATER * OIL SOILS VEGETATION ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES L T D  AUGUST 6 ,  1982 

WATER ANALYSIS 
DATE 

RECEIVED JUNE 2 9 ,  1982 PROJECT NO. 82 0036 5 

PARAMETERS BRIDGE A JUNE 20 

CALC IUM 
MAGNESIUM 
C H O R  I D E  
SULFATE 
T. A L K A L I N I T Y  
P H 
CONDUCTANCE 
COLOUR 
TURBIDITY 
T. DISSOLVED SOLIDS 
T. SUSPENDED SOL I D S  
A C I D I T Y  
NITRATE-NITRITE 
TOTAL PHOSPHJROUS 

14.6 
2.5 
0.7 
29.5 

- -  - - -  17.2 
7 .43 
104. 
10. 
15. 

- - 69.0 .- - 
12. 

t 

2.0 
.033 

TOTAL 0.157 D ISS 
CADMIUM 
COPPER 
IRON 4.9 .04 
ZINC 0.18 0.12 
LEAD 0.017 <O. 002 
BAR I UM 
T. HARDNESS 36.7 
S. REACTIVE PHOSPHATE ( O P 0 4 )  (0.003 
S. ORGANIC PHOSPHATE .033 
S. ORGANIC CARBON 
T. KJELDAH, .NITROG 
AMMONIA <. 01 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 

CERTIFIED BY 
Y 

- 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTOFI 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CEWIFICATE OF ANALYSiS 

* MINERAL * GAS WATER OIL SOILS @ VEGETATION ' ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES L T D  AUGUST 6, 1982 

WATER ANALYSIS DATE 

RECEIVED JUNE 2 9 ,  1982 PROJECT NO. 82 0036 5 2375 

PARAMETERS BRIDGE B JUNE 20 

CALCIUM 
MAGNESIUM 
C H O R  I D E  
SULFATE 
T. A L K A L I N I T Y  
PH 
CONDUCTANCE 
COLOUR 
T U R B I D I T Y  
T. DISSOLVED SOLIDS 
T. SUSPENDED SOLIDS 
A C I D I T Y  
N ITRATE-NITRITE 
TOTAL PHOSPHOROUS 
CADM I U  
COPPER 
IRON 
Z I N C  
LEAD 
BAR I UM 
T. HARD 
S. REACTIVE PHOSPHATE ( O W 4  
S. ORGANIC PKISPHATE 
S. ORGANIC CARBON 
T. K J E L D A H  NITROG 
AMMONIA 

14.6 
2.5 
<o. 5 
30.0 

133. 
10. 
17. 

- -- - 
8 
1 
2.0 
,034 

TOTAL 0.153 D ISS 
.001 
0.001 

6.4 .03 
0.14 0.12 
0.021 <o. 002 
2.04 -- -"- ---"a- -- - .05 - - - -  

46.7 
(0.003 
.031 
0.6 

-" - --"" .10 
-<. 01 

- - - - - - " - -  

M E M B E R  
CANADIAN T E S T I N G  
ASSOCIATION 

CERTIFIED BY- r 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDAlON'r9FI 8764 - 50TH AVE. EDMONTON,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE O f  ANALYSIS 

* MINERAL GAS @ WATER OIL SOILS VEGETATION a ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES L T D  
AUGUST 6, 1982 

WATER ANALYSI  S DATE 

RECEIVED JUNE 2 9 ,  1 9 8 2  PROJECT NO. 
82 0036 5 2375 

PARAMETERS HESS T.A. JUNE 20 
- 

- 

- 

- 

I 

M E M B E R  
CANADIAN TESTING CERTIFIED BY 
ASSOCIATION 

-- 
CALC I UM 10 .8  
MAGNESIUM 1 . 9  
C H O R  I D E  2 0 . 5  
SULFATE 18.5  
T. A L K A L I N I T Y  15.6 
PH 7 . 4 1  
CONDUCTANCE 74 .  
COLOUR 5. 
T U R B I D I T Y  5.5 
T. DISSOLVED S O L I D S  
T. SUSPENDED SOL I D S  
A C I D I T Y  
N ITRATE-NITRITE  
TOTAL PHOSPHOROUS 

- -  - 

D ISS TOTAL 
CADMIUM - 
COPPER 
I RON 
Z I N C  
LEAD 
BAR I UM 

"" -- -- - - 
T. HARDNESS 
S.  REACTIVE PHOSPHATE ( O W 4 )  
S. ORGANIC PHOSPHPTE 
S. ORGANIC CARBON 
T . K JELDA I-L NITROGEN - - - 
AMMONIA 



C A L G A R Y  2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

* MINERAL GAS WATER OIL o SOILS VEGETATION i1 ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES L T D  AUGUST 6, 1982 

WATER ANALYSIS  DATE 

RECEIVED JUNE 2 9 ,  1 9 8 2  PROJECT NO. 82 0°3' 2375 

I PARAMETERS HESS T.B. JUNE 2 0  

CALC I UM 9.0 
MAGNESIUM 1 .5  
C H O R  I D E  0 .60  
SULFATE 16 .0  
T. A L K A L I N I T Y  5.6 
P H .20 
CONDUCTANCE 79.  
COLOUR 5. 
T U R B I D I T Y  6.5 
T. DISSOLVED SOLIDS 
T. SUSPENDED SOLIDS 
A C I D I T Y  3 . 0  
N ITRATE-NITRITE  .018 
TOTAL PMISPHOROUS TOTAL 0.057 D I S  
CADMIUM 
COPPER 
IRON 1 . 4 5  .03 
Z I N C  0 . 0 6 1  0 . 0 4 2  
LEAD 0 . 0 0 6  <O. 002 
BAR I UM 
T. HARDNESS 2 8 . 6  
S. REACTIVE PHOSPHATE (OP04)  <O. 0 0 3  

S. ORGANIC PHOSPHATE .016 
S. ORGANIC CARBON 0.6  
T. KJELDAK. NITROGEN 
AMMONIA .O1 



C A L G A R Y  2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSIS 

,a MINERAL GAS a WATER * OIL O SOILS VEGETATION ENVIRONMENTAL ANALYSIS 

PAN OCEAN LTD. 
JASON PROJECT 
SAMPLE DATE : JULY 4 
LAB. NO.: 414-1.8 

DATE 

82-36-5-2492 
PROJECT NO. 

.. . 
HFSS T- BRIDGE 

A - 8 B PARAMETERS A - 1 B 
- 

7.41 7.40 PH 7.29 6.86 
0 0 COLOUR ( P T  CO W I T S )  0 0 
1 1 A C I D I T Y  (PPM AS CAC03) 2 2 
28.8 30.0 SULPHATE ( PPM ) 46.6 47.4 
.56 - .72 TURBIDITY ( J T U  ) 5 
122 120 CONDUCTIVITY (UMHOS/CM 164 160 
11.7 3.5 CALCIUM (PPM) 15.2 14.8 
11.8 3.6 MAGNESI UM ( PPM ) 4.9 4.8 
(0.1 (0.1 CHLORI DE (PPM 1 0.2 
20.8 20.8 TOTAL A L K A L I N I T Y  (PPM AS CACO 
80. 80.0 TOTAL DISSOLVED SOLIDS (MG/L) 
<1.0 (1.0 TOTAL SUSPWCED SOLIDS (MG/L) <l. 0 <1.0 
<. 01 <. 01 AMMONI A-NI TROGEN (PPM N 1 <. 01 <. 01 
/. 30 0.25 TOTAL K JELDAHL NITROGEN (PPM N ) 0.08 0. 18 
0.014 - 0.018 NITRATE-NITRITE AS N -03 0.038 
0.008 0.009 TOT AL. PHOSPHORUS (PP .02 0.030 
(0.003 (0.003 S O L W L E  REACT1 VE PHOSPHATE (PPM P 1 <O. 003 <O. 003 * * SOLUE1'-E ORGAN1 C PHOSPHATE (PPM P 1 * * 
<.2 <. 2 SOLUBIJ2 ORGAN1 C CARBON (PPM) <. 2 <. 2 
0.5 1 - - - -  0.59 -- ALUMIDJUM - -TOTAL (PPM) +- - -- - - - 1.96 - --.- -. 1.53 - 

0.04 0.04 I O N I C  (PPM) 0.02 0.06 
<0.001 <0.001 CADMIUM - TOTAL (PPM) <O. 001 <O. 001 
<0.001 <O. 001 I O N I C  (PPM) <0.001 <0.001 
0.10 0.08 BARIUM - TOTAL (PPM) 0.05 0.05 
0.08 -- 0.08 I O N I C  (PPM) -05 --- --- 0.05 
3.010 0.010 COPPER - TOTAL (PPM) 0.011 0.028 
0.001 0.001 I O N I C  (PPM) 0.001 <O. 001 
3.15 0.19 I RON - TOTAL (PPM) 1.90 1.60 
C.01 <. 31 I O N I C  (PPM) <. 01 <. 01 
3.008 0.023 LEAD - - TOTAL (PPM .012 0.004 
(0.002 (0.002 I O N I C  (PPM) (0.002 <O. 002 
3.084 0.082 Z I N C  - TOTAL (PPM 1 0.18 0.20 
3.072 0.072 I O N I C  (PPM) 0.18 0.18 

* ANALYSIS WAS NOT O W E  IMMEDIATELY 
MAKING E S U T  QUEST1 ONABLE. 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 

CERTIFIED BY - 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

MINERAL GAS WATER OIL SOILS VEGETATION a ENVIRONMENTAL ANALYSIS 

PAN OCEAN LTD. 
JASON PROJECT 
SAMPLE DATE I J ULY 1 1 

SEPT. 29/82 
DATE 

82-36-5-2492 
PROJECT NO. 

HESS T. BRIDGE 
A 2 6 P A M k  l t KS A 2 t3 - 

pH 
COLOUR ( P T  CO L N I T S )  
A C I D I T Y  (PPM AS CAC03) 
SULF YATE ( PPM 
TURBl D I T Y  ( J T U  
CONDUCT1 V I  TY ( UMHOS/CM ) 

CALCI  UM ( PPM ) 
MAGNESIUM (PPM) 
CHLORIDE (PPM) 

17.6 17.6 TOTAL A L K A L I N I T Y  (PPM AS CACO3) 14.4 
75.0 76.0 TOTAL DISSO 
<1.0 (1.0 <l. 0 <l. 0 
<. 01 <. 01 AMMONIA-NITROGEN (PPM N )  <. 01 <. 01 
/. 28 0.28 TOTAL K JELDAHL NITROGEN (PPM N 1 0.10 0.08 
0.018 0.018 
0.008 0.009 
(0.003 <O. 003 SOLUBLE REACT I VE PHOSPHATE (PPM P * <O. 003 * <O. 003 

SOLUBLE ORGANIC PI-OSPHATE (PPM P )  * * 
<. 2 <. 2 SOLUBLE ORGANIC CARBON (PPM) .3 .2 
0 4 0  - - 0. ---- - - - - --lo80 - - - * -  1.68 
0.04 0.04 0.02 0.04 
<0.001 <0.001 CADMIUM - TOTAL (PPM) 0.001 0.001 
<0.001 <0.001 I C N I C  (PPM) <O. 001 <0.001 
0.10 0.10 BARIUM - TOTAL (PPM) 0.03 0.03 

0.03 ----- _ -  -_ 0.03 -- 
0.016 0.014 

O/OO 1 I O N I C  (PPM) 0.001 <O. 001 
0.20 I RON - TOTAL (PPM) 1.42 1.93 

I C N I C  (PPM) <. 01 <. 01 
0.018 - LEA .006 0.028 

0.002 (0.002 I O N I C  (PPM) <O. 002 (0.002 
.088 0.088 Z I N C  - TOTAL (PPM) 0.20 0.20 
,080 0.076 I O N I C  (PPM) 0.19 0.20 

I S  WAS NOT WNE IMMEDIATE 
E S L L T  QLESTICNABLE. 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 



C A L G A R Y  2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

* MINERAL * GAS j WATER OIL SOILS VEGETATION * ENVIRONMENTAL ANALYSIS 

PAN OCEPN LTD. 
JASON PROJECT 
SAMPLE DATE: JULY 18 
LAB. NO. r 414- 3.10 

SEPT. 29/82 
DATE 

82-36-5-2492 
PROJECT NO. 

HESS T. BRIDGE 
A U I3 PARAMETERS A - 3 B 

7.30 PH 7.34 7.10 
0 COLOUi ( P T  CO W I T S  0 0 
1 A C I D I T Y  (PPM AS CAC03) 2 2 
34.4 SULPHATE (PPM) 48.3 47.4 
0.62 TURBI D I T Y  ( J T U  ) 5.6 9.0 
134 CONDUCT1 V I  TY ( UMHOS 68 54 
13. 1 CALCIUM (PPM) 15.3 15.5 
4.1 MAGNESIUM (PPM) 4.8 4.8 
<O. 1 CHLORI oE ( PPM 0.2 <O. 1 
20.0 TOTAL A L K A L I N I T Y  (PPM AS CA 
90.0 TOTAL DISSOLVED SOLIDS (MG/ 
<l. 0 TOTAL SUSPENDED SOLIDS (MG/L) <1.0 
<. 01 AMMONIA-NITROGEN (PPM N) <. 01 <. 01 
0. 15 TOTAL KJELDAHL NITROGEN (PPM N )  0.15 0.10 
0.031 NITRATE-NITRITE AS N(PPM N )  0.045 ,942 
0.010 TOTAL PHOSPHORUS (PPM P )  0.069 0.071 
(0.003 SOLUBLE REACTIVE PHOSPHATE (PPM P )  <O. 003 <O. 003 

* SOLUBLE ORGANIC PHOSPHATE (PPM P)  * * 
<. 2 so~uer: ORGANIC CARBON (PPM) .2 <. 2 

- _  0.51 - A U J M I I W M - T O T A L  (PPM) - - -  - - "  - - 1.92 - - -  - p  1.93 
0.04 I C N I C  (PPM) 0.03 0.04 
<0.001 CADM:UM - TOTAL (PPM) <O. 001 0.001 
<O. 001 I O N I C  (PPM) <O. 001 <O. 001 
0.10 DARILM - TOTAL (PPM) 0.04 0.05 

- 0.04 0.04 - -- 0.04 - 
0.009 0.015 0.014 
0.003 I C N I C  (PPM) <O. 001 <o. 001 
0.33 I RON - TOTAL (PPM) 1.87 1.73 
<. 01 I O N I C  (PPM) <. 01 <. 01 
0.014 LEAD - TOTAL (PPM 0.016 0.012 
(0.902 I O N I C  (PPM) <O. 002 <O. 002 
0.096 Z I N C  - TOTAL (PPM 0,21 0.24 
0.086 IONIC (PPM) 0.2 1 0.22 

* ANALYSIS WAS NOT DONE IMMEDIATELY 
MAKING E S L L T  QUESTIONABLE. 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

E D M O N T O N  8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSIS 

MINERAL GAS WATER OIL * SOILS a VEGETATION a ENVIRONMENTAL ANALYSIS 

PAN OCEM LTD. 
JASON PROJECT 
SAMPLE DATE: JULY 2 5  
U.\B. NO.: 414-4.11 

SEPT. 29/82 
DATE 

82-36-5-2 4 9 2  
PROJECT NO. 

H - 11 B PARAMETERS A 4 B 

7.78 PH 
0 COLOUR ( P T  CO W I T S  1 
1 A C I D I T Y  (PPM AS CAC03) 
37.6 SULPHATE ( PPM 
0.56 TURBIDITY (JTU) 
1 6 2  CONDUCTIVITY (UMHOS/CM) 
18.3 CALCIUM (PPM) 
5 .4  MAGNESIUM (PPM) 
<O. 1 CHLORIDE (PPM) 
31.2 TOTAL A L K A L I N I T Y  (PPM A S  CAC03) 
104. TOTAL DISSOLVED SOL1 DS ( MG/L ) 

<1.0 TOTAL. SUSPENDED SOL1 DS ( MG/L 
<. 01 AMMONIA-NITROGEN (PPM N )  
0.35 TOTAL K JELDAHL NITROGEN (PPM N ) 
0.014 NITRATE-NITRITE AS N(PPM 
0.008 TOTAL PHOSPHORUS (PPM P ) 
<O. 0 0 3  SOLUBLE E A C T I V E  PHOSPHATE (PPM P I  

* SOLUBLE ORGANIC PHOSPHATE (PPM P )  
<. 2 SOLUBE ORGANIC CARBON (PPM) 
0.67 - ALUMINUM - TOTAL (PPM) - -  
0.05 I O N I C  (PPM) 
<O. 001 CADMIUM - TOTAL (PPM 
<O. 001 I O N I C  (PPM) 
0.06 BARIUM - TOTAL (PPM) 
0 .04 O N I C  (PPM) - - - 

0.016 COPPER - TOTAL (PPM 
0.001 I O N I C  (PPM) 
0.46 I RCN - TOTAL (PPM) 
<. 01 I O N I C  (PPM) 
0 .008  LEAD - TOTAL (PPM ) 
(0.002 I O N I C  (PPM) 
0.10 Z I N C  - TOTAL (PPM) 
0.080 I O N I C  (PPM) 

* ANALYSIS WAS NOT DONE I M D I A T E L Y  - - 

MAKING E S U L T  QUESTIONABLE. 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 

3 
CERTIFIED BY 

/ 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EOMONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CER-I-IF1CATE OF ANALYSIS 

MINERAL * GAS * WATER ') OIL * SOILS .'VEGETATION 'a ENVIRONMENTALANALYSIS 

PAN OCEPN LTD. 
JASON PROJECT 
SAMPLE DATE* JULY 2 7  
LAB. NO. t 414-5,12 

DATE 
S T .  29/82 

82-36-5-2 4 9 2  
PROJECT NO. 

PARAMFTERS A 
3 

B 

7.09 PH 
0 COLOUi ( P T  CO W I T S )  
2 A C I D I T Y  (PPM AS CAC03) 
26 .4  SULPHATE ( PPM 
0.79 TURBIDITY ( J T U )  
1 1 0  CONDUCTIVITY (UMHOS/CM) 
10.8  CALCIUM (PPM) 
3.2 MAGNESIUM (PPM) 
<O. 1 CHLORIDE (PPM) 
18.4 - TOTAL A L K A L I N I T Y  (PPM AS CAC03)  
76.0 TOTAL DISSOLVED SOLIDS (MG/L) 
<1.0 TOTAL SUSPENDED SOL1 DS ( MG/L 
<. 01 AMMONIA-NITROGEN (PPM N )  
0.45 TOTAL. K JELDAHL NITROGEN (PPM N ) 
0 .026 NITRATE-NITRI  TE AS N (PPM 
0.019 TOTAL PHOSPHORUS (PPM P)  
0 .003  SOLUBLE REACTIVE PHOSPHATE (PPM P I  * SOLUULE ORGANIC PHOSPHATE (PPM P I  
<. 2 SOLUBLE ORGANIC CARBON (PPM) 

- 0.61 ALUMINUM - TOTAL (PP 
0 .05  I O N I C  (PPM) 
<0.001 CADMIUM - TOTAL (PPM) 
<O. 001 I O N I C  (PPM) 
0 .07 BARIUM - TOTAL (PPM) 

- 0.02 I O N I C  (PP 
0.016 COPPER - TOTAL (PPM) 
<O. 0 0 1  I O N I C  (PPM) 
0.12 I RON - TOTAL (PPM) 
<. 01 I O N I C  (PPM) 
0.019 LEAD - TOTAL (PPM 
(0.002 I C N I C  (PPM) 
0 .070 Z I N C  - TOTAL (PPM) 
0 .062 I O N I C  (PPM) 

* ANALYSIS WAS NOT WNE IMMEDIATELY 
MAKING RESLLT QUESTIONABLE. 

~ A N A ~ A N  T E S T I N G  
ASSOCIATION 

- 

- 

. 
CERTIFIED BY 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDhlONTON 8764 - 5 0 T H  AVE. E D M O N T O N ,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSiS - 
MINERAL GAS WATER OIL * SOILS * VEGETATION ENVIRONMENTALANALYSIS 

PPN OCEPN LTD. 
JASON PROJECT 
SAMPLE DATE a AUG. 1 
LAB. N0.a 414-6.13 

SEPT. 29/82 
DATE 

82-36-5-2 492 
PROJECT NO. 

HFCS T- BRIDGE 
H 13 B PARAMETERS A - 6 - B 

7.19 PH 7.40 7.14 
0 COLOUR ( P T  CO W I T S )  0 0 
2 A C I D I T Y  (PPM AS CAC03) 1 2 
38.1 SULPHATE ( PPM 1 64. 60. 

- 0.94 TURBIDITY (JTU) 7.2 7.0 
147 CONDUCT1 V I T Y  ( UMHOS/CM 2 07 191 
14.8 CALCIUM (PPM) 20.8 19.0 
4.7 MAGNESI UM ( PPM ) 6.6 6.2 
(0.1 CHLORIDE (PPM) 0.1 0.1 
22.4 - TOTAL A L K A L I N I T Y  (PPM A S  CAC03) -- 7.6 6.8 -- 
102. TOTAL DISSOLVED SOLIDS (MG/L) ' 140. 125. 
<1.0 TOTAL SUSPENCED SOLIDS (MG/L) (1.0 (1.0 
<. 01 AMMONIA-NITROGEN (PPM N )  <. 01 0.02 
0.70 TOTAL KJELDAHL NITROGEN (PPM N) .10 .28 
0.024 NITRATE-NITRITE AS N (PPM .030 .027 
0.010 TOTAL PHOSPHORUS (PPM P I  0.033 0.034 
<O. 003 SOLUBLE REACTIVE PHOSPHATE (PPM P <O. 003 <O. 003 * SOLUBLE ORGANIC PHOSPHATE (PPM P I  * * 
<. 2 SOLUBE ORGANIC CARBON (PPM) <.2 .2 

-- 0.70 - ALUMINUM - TOTAL (PPM) -. -- -- .53 .71 - 
0.04 I O N I C  (PPM) '0.06 0.06 
0.002 CADMIUM - TOTAL (PPM) 0.001 0.003 
<O. 001 I O N I C  (PPM) 0.001 0.001 
0.05 BARIUM - TOTAL (PPM) 0.04 0.04 

- - -  . 0.04 - - - --- --- - I O N I C  (PPM) --___--.- _ - -  - _ - 0.04 -- - - 0.04 -- 
0.010 COPPER - TOTAL (PPM) 0.020 0.016 
0,002 I O N I C  (PPM) 0.001 0.001 
0.43 IRON - TOTAL (PPM) 3.00 2.69 
<. 01 I O N I C  (PPM) <. 01 <. 01 

- 0.022 LEAD - - TOTAL (PPM 0.003 0.007 
(0.002 I O N I C  (PPM <. 002 (0.002 
0.11 Z I N C  - TOTAL (PPM) 0.37 0.34 
0.10 IONIC (PPM) 0.31 0.30 

* ANALYSIS WAS NOT WNE IMMEDIATELY 
MAKING E S U T  QUESTIONABLE. 

- 
- 

- 

I 

M E M B E R  
CANADIAN TESTING CERTIFIED BY - 3 
ASSOCIATION 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDFAONTON 8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTlF1CATE OF ANALYSIS 

MINERAL e GAS WATER * OIL * SOILS a VEGETATION * ENVIRONMENTAL ANALYSIS 

PAN OCEAN LTD. 
JASON PROJECT 
SAMPLE DATE: AUG 17.16 
LAB. NO. r 414-7.14 

SEPT. 29/82 
DATE 

82-36-5-2 492 
PROJECT NO. 

HESS T. BRIDGE 
H 14 B PARAMETERS 7 B - 

PH 
COLOIR ( P T  CO W I T S )  
ACIDLTY (PPM AS CAC03) 
SULPHATE ( PPM 
TURBIDITY (JTU) 
CONDUCTIVITY (UMHOSICM) 
CALCIUM (PPM) 
MAGNESIUM (PPM) 
CHLORIDE (PPM) 
TOTAL A L K A L I N I T Y  (PPM AS CAC03)  - 
TOTAL DISSOLVED SOLIDS (MG/L) 
TOTAL SUSPU\ICED SOLIDS (MG/L) 
AMMONI A-NITROGEN (PPM N 
TOTAL K JELDAHL NITROGEN (PPM N ) 
NITRATE-NITRITE AS N(PPM N )  
TOTAL PHOSPHORUS (PPM P)  
SOLUBLE REACTIVE PI-KISPHATE (PPM P )  
SOLUBLE ORGAN I C PHOSPHATE ( PPM P 
SOLUBLE ORGANIC CARBON (PPM) 
ALUMINUM - TOTAL (PP 

I O N I C  (PPM) 
CADMIUM - TOTAL (PPM) 

I O N I C  (PPM) 
BAR1 UM - TOTAL (PPM) 

ONIC (PPM 
COPPER - TOTAL (PPM) 

I O N I C  (PPM) 
I RON - TOTAL (PPM) 

I O N I C  (PPM) 
LEAD - TOTAL (PPM 

I O N I C  (PPM) 
Z I N C  - TOTAL (PPM) 

I O N I C  (PPM) 

* ANALYSIS WAS NOT M)(\IE IMMEDIATELY 
MAKING ESULT Q E S T I  ONABLE. 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

E D M O N T O N  8764 - 50TH AVE. EDMONTON, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CERTIFICATE OF ANALYSiS 

* MINERAL @ GAS * WATER . OIL SOILS * VEGETATION a ENVIRONMENTAL ANALYSIS 

PAN OCEM LTD. 
JASON PROJECT 
SAMPLE DATE: 

DATE oc' ' 
SEPT. 29/82 

PROJECT NO 

BRI DGE 
r M E m  R 2 - 

7.66 7.67 PH 6.82 6.82 
<5 <5 COLOUR ( P T  CO W I T S )  <5 10 
2.0 2.0 A C I D I T Y  (PPM AS CAC03) 3.2 3.2 
44.0 43.5 SULPHATE ( PPM 78.5 
.56 .66 TURBI D I  TY  ( J T U  5.8 6.4 
205 205 CONiXJCT I V I  TY ( UMHOS/CM 2 32 231 
20.2 20.0 CALCIUM (PPM 1 21.1 22.0 

7.3 7 .  ESIUM ( P  

(0 .1  0 .  R I D E  (PP 
4 0 40 TOTAL A L K A L I N I T Y  (PPM AS CAC03) 14.4 13.6 
140. 140. TOTAL DISSOLVED SOLIDS (MG/L) 155. 155. 
0.4 (0 .4  TOTAL SUSPENCED SOLIDS (MG/L) 8.0 8.4 

.O AMMONIA-NITROGEN (PPM N )  

.3 TOTAL K JELDAHL NITROGEN (PPM N ) 
< .003 <.003 NITRATE-NITRITE AS N(PPM N )  .040 .049 
0.007 0.011 TOTAL PHOSPHORUS (PPM P) 0.015 0.017 
0 .003 9.008 SOLUBLE REACTIVE PHOSPHATE (PPM P )  0.003 0.004 
<0*003 _ _ - - (0.003 SOLUBLE ORGAN I C PHOSPHATE 

1.2 0.7 SOLUBLE ORGAN I C ^CARBON ( PP 
1 .OO 1.84 ALUC;INUM - TOTAL (PPM 3.40 3.80 
0.06 0.05 I O N I C  (PPM) 0.03 0.03 

0.002 0.003 CADMIlJM - TOTAL (PPM 0.005 0.006 
0.002 I O N I C  (PPM) 

0 .04 BARIUM - --TOTAL (PPM 
0 .03 0.03 I O N I C  (PPM) 0.04 0.10 
0.017 0.036 COPPER - TOTAL (PPM) 0.011 0.012 
0.001 0.001 I W I C  (PPM) 0.002 .002 
0.87 2.00 2.03 2.20 
<. 0 1 <. 0 1 .O1 <.01 
0.004 0.007 LEAD - TOTAL (PPM ) 0.011 0.005 
(0.002 <O .002 I O N I C  (PPM) <O ,002 <O. 002 
0.12 0.18 Z I N C  - TOTAL (PPM) 0.25 0.29 
3.077 0.087 I O N I C  (PPM) 0.23 0.23 

- 

CANADIAN TESTING 
ASSOCIATION 

CERTIFIED BY 
/ 



CALGARY 2021 - 41 AVE. N.E. CALGARY, CANADA T2E 6P2 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50TH AVE. EDMONTON,  CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

CE3TIFICATE OF ANALYSIS 

9 MINERAL * GAS WATER * OIL SOILS * VEGETATION ENVIRONMENTAL ANALYSIS 

PAN OCEPN LTD. 
JASON PROJECT 
SAMPLE DATE I 
LAB. NO.: 

DATE SEPT. 29/82 

PROJECT NO. 82-36-5-2492 

9 
4 d - - PARAMETERS A 4 B - 

PH 
COLOUR ( P T  CO W I T S )  
A C I D I T Y  (PPM AS CAC03) 
SULPHATE (PPM) 
TURBI D I T Y  ( J T U  
CONDUCTIVITY (UMHOS/CM) 
CALCIUM (PPM 
MAGNESIUM (PPM) 

- CHLORIDE (PPM 
TOTAL A L K A L I N I T Y  (PPM AS CAC03) 
TOTAL DISSOLVED SOLIDS (MG/L) 
TOTAL SUSPENED SOLIDS (MG/L) 
AMMONIA-NITROGEN (PPM N )  
TOTAL K JELDAHL N I TROGEN ( PPM N 
NITRATE-NITRITE AS N(PPM N 
TOTAL PHOSPHORUS (PPM P )  
SOLUBLE REACTIVE PHOSPHATE (PPM P )  
SOLUBLE ORGANIC PHOSPHATE (PPM P )  
SOLUBLE ORGANIC CARBON (PPM)_  
ALUMINUM - TOTAL (PPM ) 

I O N I C  (PPM) 
CADMIUM - TOTAL (PPM) 

I O N I C  (PPM) 
BARIUM - T O T A L  (PPM) - 

I O N I C  (PPM) 
COPPER - TOTAL (PPM) 

I O N I C  (PPM) 
I RON - TOTAL (PPM 1 

I O N I C  (PP 
LEAD - TOTAL (PPM 

I O N I C  (PPM) 
Z I N C  - TOTAL (PPM 1 

I O N I C  (PPM) 

M E M B E R  
CANADIAN TESTING 
ASSOCIATION 

CERTIFIED BY 

------- - -- -- 



CALGARY # 100 - 2021 - 41 AVENUE N.E. 
CALGARY, ALBERTA. CANADA T2E 6P2 

CHEMEX 
TELEPHONE (403) 276-9627 TELEX 038-25541 

EDMONTON 8764 - 50th AVENUE 
EDMONTON, ALBERTA, CANADA T6E 5K8 
TELEPHONE (403) 465-9877 

GRANDE PRAIRIE 8504-112 STREET 
GRANDE PRAIRIE. ALBERTA, CANADA T8V 5x4 
TELEPHONE (403) 532-0227 

CERTIFICATE OF ANALYSIS 
MINERAL G A S  WATER O I L  SOILS VEGETATION ENVIRONMENTAL ANALYSIS 

ABERFORD RESOURCES LTD. 
DATE NOVEMRER 30, 1982 

PROJECT NO. 82 036-5-2830 

t C  IJ A C A Plb HLUS SU4 L L 
SAMPLE PH (USCM-1) (PPM) (PPM) (PPM) (PPM) (PPM) (PPM) 

TRENCH#? 5.9 30.9 10 4 (1 

ROAD#I  5.1 32.5 8 2 (1 

TRENCH $2 5.4 82.5 8 4 (1 

ROAD #2 5.1 61.9 8 2 <I 

SAMPLE N (LB/ACRE 6") P (LBIACRE 6") 

TRENC 

ROAD #I 3.0 6 

TRENCH #2 8 9 

ROAD #2 . 1 2  6 
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FOR 
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monenco consultants limited 
900 ONE PALLISER SQUARE, 125 - 9th AVENUE S E. 

CALGARY, ALBERTA, CANADA T2G 0P6 

Telephone: (403) 263-1 680 Telex: 038-22636 

15 January 1982 
PO0 7867-5 

Pan Ocean O i l  Ltd. 
300 F i f t h  Avenue S.W. 
Calgary, Alberta  
T2P 3C4 

Attent ion:  D r .  W . J .  Stephen 
Environmental Co-ordinator 

Gentlemen : 

We a r e  pleased to  p re sen t  our f i n a l  r e p o r t  on t h e  b a s e l i n e  a q u a t i c  s t u d i e s  
c a r r i e d  ou t  a t  your Jason proper ty  t h i s  year.  

We have enjoyed working with you on t h i s  p r o j e c t ,  and we look forward t o  
working wi th  you i n  t h e  fu tu re .  

Yours t r u l y ,  

/f$l! 
S n f ' ' /  h i e ,  Ph.D., P.Eng. 
Mandger 
Environmental Div is ion  



PREFACE 

This r e p o r t  was c a r r i e d  ou t  f o r  Pan Ocean O i l  Ltd. by Monenco 

C o n s u l t a n t s  L imi ted ,  Calgary,  Alber ta .  The s t u d y  was c a r r i e d  out  under 

t h e  d i r e c t i o n  of D r .  P.A. Neame. Mr. G.D. Szabo s u p e r v i s e d  t h e  f i e l d  

s t u d i e s  and was r e s p o n s i b l e  f o r  t h e  h a b i t a t  d e s c r i p t i o n s  and f i s h  popu- 

l a t i o n  s t u d i e s .  D r .  D.M. T r o t t e r  a s s i s t e d  i n  d a t a  i n t e r p r e t a t i o n  and 

r e p o r t  p r e p a r a t i o n .  Sediment and f i s h  t i s s u e  a n a l y s e s  were c a r r i e d  o u t  

by Monenco A n a l y t i c a l  L a b o r a t o r i e s  under t h e  d i r e c t i o n  of D r .  J. Dean. 

Taxonomic d e t e r m i n a t i o n s  were made by M r .  R. Green ( p e r i p h y t o n )  and 

M s .  M.K. Ryan ( b e n t h o s ) .  Water chemis t ry  sampling and l a b o r a t o r y  ana l -  

y s e s  were c a r r i e d  o u t  i n  a  s e p a r a t e  s t u d y  by o t h e r s ,  w i t h  t h e  d a t a  pre- 

s e n t e d  t o  Monenco f o r  i n c l u s i o n  i n  t h i s  r e p o r t .  

( i i )  



EXECUTIVE SUMMARY 

Monenco Consultants Limited conducted a baseline environmen- 

tal survey of Pan Ocean Oil Ltd.'s Jason property at Macmillan Pass, 

Yukon Territory during June, August, and October 1981. The study em- 

phasized the description of stream habitat in the area and investigated 

the fish, benthic macroinvertebrate, and periphyton communities in the 

South Macmillan River and other smaller streams. Chemical deter- 

mination of trace elements in the river bed sediment was also carried 

out. Pan Ocean Oil Ltd. supplied laboratory analyses of the water from 

the South Macmillan River and its tributaries as well as from the vari- 

ous tributaries of the Hess River draining the Jason Property. 

The techniques used for the stream habitat assessment were 

developed by the British Columbia Ministry of the Environment and are 

also used by the Yukon Territorial government. The procedure results 

in a biophysical characterization of the streams indicating the fish 

community present and various paramenters which are related to the 

suitablity of the stream as fish habitat, such as slope of the stream, 

substrate type, and channel width. The fish community was sampled by 

electroshocking and the invertebrate benthic community was sampled by 

Surber and artificial substrate samplers. Attached algae from rock 

surfaces were also collected. 

The tributary streams on the Jason Property are typical of 

headwater streams, having steep gradients, high water velocities, 

large-sized substrate materials and few areas of slower, deeper water 

(pool habitat). Associated with this physical setting was an extremely 

variable chemical environment including a creek affected by mine drain- 

age (Rust Creek), and two naturally acidic drainages (Tom Creek and 

Orange Creek), all of which have high concentrations of certain metals, 

as well as alkaline streams containing low levels of dissolved 



components. The South Macmillan River i n  t h e  area of t h e  Jason 

p r o p e r t y  i s  a  moderate-s ized,  meandering r i v e r ,  w i t h  g r e a t e r  amounts of 

pool h a b i t a t ,  which on t h e  b a s i s  of i t s  p h y s i c a l  c h a r a c t e r i s t i c s  should 

be s u i t a b l e  a s  f i s h  h a b i t a t .  

Both t h e  d e n s i t y  of i n d i v i d u a l s  and t h e  d i v e r s i t y  of s p e c i e s  

w i t h i n  t h e  b e n t h i c  m a c r o i n v e r t e b r a t e  communities of t h e  South Macmillan 

River and Hess t r i b u t a r y  were found t o  be low. A s i g n i f i c a n t  d e c r e a s e  

i n  d e n s i t y  occur red  i n  t h e  a r e a  of t h e  South Macmillan River  immediate- 

l y  downstream of Rust and Tom Creeks. 

The a t t a c h e d  a l g a l  community, o r  p e r i p h y t o n ,  was found t o  b e  

low i n  bo th  d i v e r s i t y  and d e n s i t y  i n  t h e  South Macmillan River  and Hess 

t r i b u t a r y .  As w i t h  t h e  b e n t h i c  i n v e r t e b r a t e  community, a d e c r e a s e  i n  

d e n s i t y  was observed i n  t h e  a r e a  of t h e  South Macmillan River  down- 

s t ream from Rust and Tom Creeks. 

The f i s h  community w a s  found t o  be composed of one s p e c i e s  

( A r c t i c  g r a y l i n g )  w i t h  o n l y  2 7  specimens c o l l e c t e d  d u r i n g  t h e  e n t i r e  

sampling program. The v a r i o u s  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e s e  f i s h  

showed them t o  be s i m i l a r  t o  o t h e r  p o p u l a t i o n s  i n  t h e  Yukon. 

The a q u a t i c  b i o l o g i c a l  sys tems of b o t h  t h e  South Macmillan 

River and t h e  Hess River t r i b u t a r y  have a  n a t u r a l l y  low b i o l o g i c a l  pro- 

d u c t i v i t y ,  exempl i f i ed  by few i n d i v i d u a l s  and few s p e c i e s  o c c u r r i n g  

w i t h i n  e a c h  g roup  of  organisms p r e s e n t .  Man-made impac t s ,  such a s  

t h o s e  due t o  road c o n s t r u c t i o n  and mining,  o n l y  t end  t o  e x a c e r b a t e  t h i s  

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



The major p o t e n t i a l  impacts of mining on the  aqua t i c  environ- 

menc inc lude  increased  t u r b i d i t y  due t o  su r f ace  d i s tu rbance  and eleva-  

ted  a c i d i t y  and t r a c e  metal concent ra t ions  due t o  the  r e l e a s e  of mine 

water. These impacts a r e  b r i e f l y  d i scussed  with r e f e r ence  t o  t he  r e l e -  

van t  l i t e r a t u r e .  P o t e n t i a l  impacts a r e  divided i n t o  exp lo ra t i on  and 

c o n s t r u c t i o n ,  mining and abandonment phases. 

Recommendations f o r  f u r t h e r  a q u a t i c  s t u d i e s  a r e  a l s o  presen- 

ted .  On the b a s i s  of t h e i r  s c i e n t i f i c  and managerial  va lue ,  the  most 

immediately u s e f u l  s t u d i e s  would be: 

- an improved water q u a l i t y  sampling program; 

- f u r t h e r  s t u d i e s  of ben th ic  i n v e r t e b r a t e s ;  

- a s tudy  of t he  a s s i m i l a t i v e  capac i ty  of wetlands i n  t he  South 

Macmillan River f l oodp la in  f o r  t he  pos s ib l e  r ecep t ion  of mine 

e f f l u e n t s .  
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2.1 AQUATIC HABITAT ASSESSMENT 

The methods employed t o  a s s e s s  s t ream h a b i t a t  q u a l i t y  i n  t h e  

Macmillan Pass  a r e a  a r e  those  developed by t h e  B r i t i s h  Columbia Minis- 

t r y  of t h e  Environment, Aquatic S t u d i e s  Branch (Chamberlin 1980a). 

These t e c h n i q u e s  were used t o  m a i n t a i n  c o n s i s t e n c y  wi th  t h e  Yukon 

government, which uses  t h e  B r i t i s h  Columbia method of d a t a  c o l l e c t i o n .  

This  work was done i n  c o n s u l t a t i o n  wi th  t h e  E c o l o g i c a l  Land Survey of 

t h e  Yukon T e r r i t o r i a l  Government, t o  be c o n s i s t e n t  w i t h  a  r e g i o n a l  

f i s h e r i e s  s t u d y  t h a t  t h e y  were conduct ing i n  west c e n t r a l  Yukon i n  

1981. 

The B r i t i s h  Columbia a q u a t i c  assessment  t echn ique  i s  a  s t r e a m  

survey  procedure  which c o n s i d e r s  bo th  t h e  p h y s i c a l  and b i o l o g i c a l  char-  

a c t e r i s t i c s  o f  s t reams .  The a q u a t i c  su rvey  t e c h n i q u e  i s  des igned  t o  

"prov ide  a  b a s i c  c o r e  of d a t a  from which i n f e r e n c e s  can be made about 

t h e  dominant p h y s i c a l  and b i o l o g i c a l  p r o c e s s e s  i n  a r i v e r "  ( Chamberlin 

1980a). 

The " reach"  i s  t h e  b a s i c  sampling u n i t  of t h e  a q u a t i c  

survey.  Reaches a r e  s e c t i o n s  o f  s t ream t h a t  e x h i b i t  i n t e r n a l l y  

c o n s i s t e n t  p h y s i c a l  c h a r a c t e r i s t i c s ,  which, a s  a  whole, d i f f e r  from 

t h o s e  found i n  o t h e r  reaches .  Reaches a r e  u s u a l l y  d e l i n e a t e d  on t h e  

b a s i s  of d i s c h a r g e ,  s l o p e ,  and s u b s t r a t e .  

Reaches were mapped d u r i n g  an i n i t i a l  low l e v e l  h e l i c o p t e r  

su rvey  i n  June 1981. Reach boundar ies  were d e l i n e a t e d  by fo l lowing  

each  f l u v i a l  system a t  a  low a l t i t u d e  and speed.  Reach d a t a  were 

e n t e r e d  on " r e a c h  d a t a  c a r d s "  i n  t h e  manner p r e s c r i b e d  by Belford and 

Chamberlin (1980) ,  us ing  t h e  a q u a t i c  su rvey  terminology d e s c r i b e d  i n  

Chamberlin (1980b). A sample " reach  d a t a  ca rd"  i s  g iven  i n  Appendix A 

a long  w i t h  d e s c r i p t o r s  of t h e  pa ramete rs  f o r  which d a t a  were c o l l e c t e d .  



Stream h a b i t a t  c h a r a c t e r i s t i c s  wi th in  t he  s tudy  a r e a  were 

then summarized i n  two formats:  (1) an a q u a t i c  b iophys ica l  map, summar- 

i z i n g  information c o l l e c t e d  i n  t h e  a r e a  and ( 2 )  d e t a i l e d  d e s c r i p t i o n s  

of t h e  i n d i v i d u a l  reaches  inc luding  reach  d a t a  and photographs. 

Two types  of information a r e  presen ted  on t h e  a q u a t i c  bio-  

phys ica l  map: 

- a reach symbol which summarizes s e l e c t e d  f i s h ,  channel and sub- 

s t r a t e  information f o r  each reach,  and 

- symbols desc r ib ing  important s i t e  s p e c i f i c  s t ream f e a t u r e s .  

Reach symbols c h a r a c t e r i z e  an e n t i r e  reach and thus represen t  

average va lues .  The parameters used a r e  those which a r e  most s u i t a b l e  

f o r  de sc r ib ing  s t ream a t t r i b u t e s  r e l evan t  t o  f i s h  production. For 

example, f i s h  food product ion i s  d i r e c t l y  r e l a t e d  t o  s u b s t r a t e  type. 

Biophysical s t ream c h a r a c t e r i s t i c s  used i n  reach symbols a r e  arranged 

i n  t he  fol lowing format: 

F i sh  Species  P re sen t  

Channel Valley F l a t :  Slope 

Width Channel Rat io  % 

(m> 

Subs t r a t e  Mater ia l s  

Fines Gravel Larges Bedrock 



where : 

Channel Width = Distance between rooted v e g e t a t i o n  

Val ley FlatIChannel Rat io  = R a t i o  between width of v a l l e y  f l a t  and 

width of channel ,  coded a s :  A(0-2), B(2-5), C(5-lo), D(10+) o r  E 

(no t  app l i cab l e )  

Slope = Eleva t ion  ga in l r each  l eng th ,  a s  an average f o r  t he  reach  

Subs t r a t e  Ma te r i a l s  = % t o  nea re s t  10% o f :  

Fines  - 0-2 mm 

Gravel - 2-64 mm 

Larges - Greater than  64 mm 

Bedrock - consol ida ted  ma te r i a l  

Example : 

Fish  Present :  Rainbow t r o u t ,  chinook, coho (probable  occurrance)  

Channel : Width 9 m ,  v a l l e y  f l a t  t o  channel r a t i o  from 2-5, 

average reach  s lope  1.5% 

Subs t r a t e :  20% f i n e s ,  30% g r a v e l ,  40% l a r g e s ,  10% bedrock 

I n  a d d i t i o n  t o  t h e  symbols t h a t  i d e n t i f y  t he  reaches and 

t h e i r  c h a r a c t e r i s t i c s ,  t h e  map a l s o  provides  t h e  numerical codes f o r  

watershed subd iv i s ions  occur r ing  i n  t h e  s tudy a rea .  These codes a r e  

a l s o  used i n  Appendix B. The h i e r a r c h i c a l  watershed coding system used 

i n  t he  a r e a  fol lows the  methods descr ibed  i n  Shera and Grant (1980). 

T r i b u t a r i e s  a r e  numbered s e q u e n t i a l l y ,  going upstream on the  main- 

stream. An e i g h t  l e v e l  code represen ted  by a 21-digit  number i s  used 

f o r  reconnaissance (1:50,000) mapping (Shera and Grant 1980). To be 

compatible with o t h e r  Yukon a q u a t i c  s t u d i e s ,  we used the  watershed code 

numbers which were der ived  by t h e  Department of Renewable Resources, 

Yukon T e r r i t o r y .  



No habitat evaluations took place in  the few small lakes or 

ponds or i n  the wetlands s ituated i n  the study area. 



2.2 PHYSICAL AND CHEMICAL FEATURES 

221 WATER CHEMISTRY 

In  s i t u  water q u a l i t y  parameters ( tempera ture ,  d i s so lved  --  
oxygen, and conduc t iv i t y )  were measured wi th  a mercury thermometer and 

Y.S.I. meters .  Laboratory water q u a l i t y  d a t a  were provided by Pan 

Ocean O i l  Ltd. Water q u a l i t y  and b io log i ca l  sampling sites are iden t i -  

f i e d  i n  P l a t e  2-1. 

222 SEDIMENT AND TISSUE CHEMISTRY 

Samples of sediment were taken with a small  shovel  and placed 

i n  a zip-lock bag f o r  shipment t o  Monenco Ana ly t i ca l  Labora tor ies .  One 

whole f i s h  specimen was c o l l e c t e d  and f rozen  f o r  shipment t o  t h e  labor -  

a t o r y  f o r  metal  ana lys i s .  

Known amounts of sediment were d iges t ed  i n  a n i t r i c -  

perch lor ic -hydrof luor ic  a c i d  s o l u t i o n  and evaporated t o  dryness.  A 

small  amount of hydrochlor ic  ac id  d i sso lved  the  res idue  which was then 

d i l u t e d  with d i s t i l l e d  water. The q u a n t i t i e s  of metals i n  s o l u t i o n  

were measured by atomic absorp t ion  a n a l y s i s .  

Ten grams of muscle t i s s u e  of t he  f i s h  was d iges t ed  i n  a 

n i t r i c - p e r c h l o r i c  a c i d  s o l u t i o n  overn ight  a t  room temperature.  The 

s o l u t i o n  was then  evaporated t o  dryness ,  s o l u b i l i z e d  with hydrochlor ic  

a c i d ,  d i l u t e d  with d i s t i l l e d  water and analyzed by atomic absorp t ion .  



I - -  MONENCO CONSULTANTS LIMITED 
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2.3 BIOLOGICAL FEATURES 

PERIPHYTON 

Samples of t he  a t t ached  a l g a l  community were c o l l e c t e d  us ing  

a modified syr inge  f i t t e d  wi th  a brush, which was used t o  c l ean  a 

def ined  a r e a  ( 5  cm2) of t h e  s u r f a c e  of a rock s e l e c t e d  a r b i t r a r i l y  from 

t h e  stream bed. Three samples ( t o t a l  15 cm2) were c o l l e c t e d  from each 

rock and pooled f o r  a n a l y s i s .  Three s e p a r a t e  15 cm2 samples were 

c o l l e c t e d  a t  each s t a t i o n .  

Samples were analyzed according t o  t he  method of Utermohl 

(1958). Whole water samples preserved with Lugol's s o l u t i o n  were 

thoroughly a g i t a t e d  and a subsample was allowed t o  s e t t l e  i n  a s e t t l i n g  

chamber. The subsamples ranged i n  volume from 1.0 t o  10 m l  and 

s e t t l i n g  t i m e  was based upon t h r e e  hours per cm of chamber he ight .  A 

i nve r t ed  microscope equipped with phase c o n t r a s t  i l l umina t ion  was used 

f o r  i d e n t i f i c a t i o n  and enumeration of the phytoplankton. 

C e l l  numbers were converted t o  volumes by using the  average 

dimensions of t h e  a l g a e  (Findenegg 1969). The c a l c u l a t e d  c e l l  volumes 

were then converted t o  biomass va lues  by assuming a s p e c i f i c  g r a v i t y  of 

1. 

I d e n t i f i c a t i o n s  were based mainly upon the  works of Bourre l ly  

(1957, 1966, 1968, 1970), Cleve-Euler (1951-1955), Croasdale (1973), 

Desikachary (1959), H i l l i a r d  (1966, 1967), H i l l i a r d  and Asmund (1963),  

Hustedt (1927-1964), Foged (19741, Lowe (19751, Lune (19621, Hygaard 

( l 977 ) ,  P re sco t t  ( l 962 ) ,  P a t r i c k  and Reimer (1966, 1975), Skuja (1948, 

1964),  Sreenivasa and Duthie (1975),  Whitford and Schumacher (1973), 

and Willen (1963). 



232 BENTHIC INVERTEBRATES 

Benth ic  m a c r o i n v e r t e b r a t e s  i n  t h e  South Macmillan and Hess 

t r i b u t a r y  were sampled by two methods. Three Surber  samples (each  

sampling 0.09 m2 o r  1 s q .  f t . )  were t aken  at  each s i t e .  In  a d d i t i o n ,  

a r t i f i c i a l  s u b s t r a t e  sample rs  c o n s i s t i n g  of meta l  c y l i n d e r s  f i l l e d  wi th  

s t o n e s  from t h e  streambed were a l s o  used a t  t h e  same sites. These 

samplers  have a sampling a r e a  of approx imate ly  54 cm2 and a volume of 

approx imate ly  1,350 cm3. The samplers  were i n s t a l l e d  i n  June  and re- 

t r i e v e d  i n  October ,  and t h e  Surber samples were c o l l e c t e d  i n  October.  

Benthic  m a c r o i n v e r t e b r a t e  samples were p rese rved  i n  10% f o r m a l i n .  

Refe rences  used f o r  t h e  taxonomic i d e n t i f i c a t i o n  of i n v e r t e -  

b r a t e s  from Surber  and a r t i f i c i a l  s u b s t r a t e  sample rs  a s  w e l l  a s  t h e  

f i s h  stomach c o n t e n t s  were A g r i c u l t u r e  Canada ( l 9 8 l ) ,  Baumann e t  a l .  

( l 9 7 7 ) ,  Dosdal l  and Lemkuhl ( l 9 7 9 ) ,  J e w e t t  , ( l 9 5 9 ) ,  Lemkuhl ( l 9 7 9 ) ,  

Merritt and Cummins (1978) ,  Pennak (1978) ,  Ward and Whipple (1959) ,  and 

Wiggins (1977).  

233 FISH POPULATIONS 

Sampling f o r  f i s h  d i s t r i b u t i o n  and composi t ion was under taken 

i n  t h e  f i e l d  us ing  a Smith Root Q p e  VII backpack e l e c t r o f i s h e r .  Three 

hundred metre  (300 m) s e c t i o n s  of s t ream were r o u t i n e l y  sampled except  

where s t ream g r a d i e n t  o r  a c c e s s i b i l i t y  made shocking of such  l o n g  

s e c t i o n s  i m p r a c t i c a l .  No p o p u l a t i o n  e s t i m a t e s  were made. 

When i t  was f e a s i b l e ,  a b a r r i e r  n e t  was p laced  a t  t h e  lower 

end of t h e  s t ream s e c t i o n  and shocking was done i n  t h e  downstream 

d i r e c t i o n .  The s u c c e s s f u l  use  of a b a r r i e r  n e t  was l i m i t e d  t o  sampling 

i n  Nidd Creek, Tom Creek, and t h e  Hess River t r i b u t a r y  below Nidd 

Creek. A t  o t h e r  l o c a t i o n s ,  h i g h  s t ream g r a d i e n t s  o r  f lows prevented 



t h e  placement of t he  ne t .  In t he se  i n s t ances ,  e lec t roshocking  was per- 

fo-med i n  an upstream d i r e c t i o n .  The South Macmillan River was sampled 

i n  June,  August, and October. Other s t reams were v i s i t e d  i n  June and 

August only.  

Fish specimens were weighed and measured i n  t he  f i e l d  using a  

po r t ab l e  sp r ing  s c a l e  and a  f i s h  measuring board. Sca l e  samples were 

removed f o r  l a t e r  aging of f i s h  i n  t h e  l a b o r a t o r y  and a l l  f i s h  were 

v i s u a l l y  examined f o r  t h e i r  reproduct ive  condi t ion .  A s i n g l e  f i s h  

specimen was r e t a i n e d  f o r  heavy metal  ana lyses .  Stomach samples were 

r e t a i n e d  and preserved i n  the  f i e l d  f o r  l a t e r  de te rmina t ion  of organ- 

isms u t i l i z e d  f o r  food. 

A s w i m  survey using a  snorke l  and we t su i t  was undertaken i n  

t h e  South Macmillan River i n  August t o  v e r i f y  the  presence o r  absence 

of f i s h  i n  t h e  r i v e r .  



PART THREE 

BASELINE ENVIRONMENTAL STUDY RESULTS 



PART THREE - BASELINE ENVIRONNENTAL STUDY RESULTS 

CONTENTS 

PAGE - 
3.1 AQUATIC HABITAT ASSESSMENT 

311 INTRODUCTION 

312 RESULTS OF THE AQUATIC HABITAT ASSESSMENT 

313 SUMMARY 

3.2 PHYSICAL-CHEMICAL FEATURES 

321 WATER CHEMISTRY 

.1 I n t r o d u c t i o n  

.2 R e s u l t s  

.21 South Macmillan River  Drainage 

.22 Hess River  Drainage 

.3 Comparison w i t h  Other  Data 

.4 R e l a t i o n  t o  Other  Paramters  

.5 Summary 

322 SEDIMENT CHEMISTRY 

.1 I n t r o d u c t i o n  

. 2  R e s u l t s  

.3 Comparison wi th  Other Data 

.4 R e l a t i o n  t o  Other  Parameters  

.5 Summary 

3.3 BIOLOGICAL FEATURES OF SAMPLING SITES 

3 3 1 PER1 PHYTON 

.1 I n t r o d u c t i o n  

.2 R e s u l t s  

.3 Comparison wi th  Other Data 

.4 R e l a t i o n  t o  Other  Paramete rs  

.5 Summary 



332 RENTHIC INVERTERRATES 

. 1  Introduction 

.2  Results 

. 3  Comparison with Other Data 

.4 Relation to Other Parameters 

.5 Summary 

333 FISH POPULATIONS 

. 1  Introduction 

.2 Results 
.21 Fish Population Characteristics 

Arctic Grayling Thymallus arcticus 
. 3  Comparison with Other Data 
.4 Relation to Other Parameters 
.5 Summary 

TARLE S 

Table 

3-1 Water Chemistry Parameters, the Macmillan Pass Area 
Jason Property, June 1981 

3-2 South Macmillan River and Tributaries Water 
Chemistry, June 1981 

3-3 South Macmillan River and Tributaries Water 
Chemistry, August 1981 

3-4 South Macmillan River and Tributaries Water 
Chemistry, September 1981 

3-5 Hess River Tributaries Water Chemistry, June 1981 

3-6 Hess River Tributaries Water Chemistry, August 1981 

3-7 Hess River Tributaries Water Chemistry, September 1981 

3-8 Comparison of Selected Water Chemistry Parameters from 
the South Macmillan and Hess River Tributary (mean 
values) with other Rivers and Streams in the Yukon 
and Western Rritish Columbia 

3-9 Chemical Composition of the Final Discharge of Some 
Mines Compared to Natural Drainage of Tom Creek 



TABLES (Cont'd) 

3-10 Metal Concentrations of the Sediment from the South 
Macmillan and Hess River Tributary, August 1981 

3-11 Species Composition, Total Density (as cells/cm2), 
Total Biomass (as mg/m2) and Number of Species per 
Sample of the Periphyton Samples from Selected 
Stations in the Macmillan Pass Area, August 1981 

3-12 Percent Composition of the Major Groups Based Upon 
Total Density and Total Biomass of the Periphyton 
Samples from Selected Stations in the Macmillan Pass 
Area, August 1981 

3-13 Organisms in Surber Samples Collected from Four 
Stations on the South Macmillan River (SM) and 
One Station on the Hess River Tributary (HR) 

3-14 Organisms Collected in Artificial Substrate 
Samplers at Four Stations on the South Macmillan 
River and One Station on the Hess River Tributary 

3-15 Trophic Relationships of Organisms Collected by 
Surber Samplers 

3-16 Trophic Relationships of Organisms Collected in 
Artificial Substrate Sumplers 

3-17 Fish.Species of the Yukon River System 

3-18 Electroshocking Results in the Macmillan Pass Area, 
Jason Property, June, August and October 1981  

PAGE - 
3-30 

3-19 Age, Weight, Fork and Total Lengths and Coefficients of 3-50 
Conditions (K(FL) and K(TL)) of Arctic Grayling 
(Thymallus arcticus) Collected by Electrofishing, 
South ~ a c z l a n  ~iier, Yukon Territory, June, August 
and October 1981 

3-20 Fork Length Frequency Distribution of Arctic Grayling 3-53 
from the South Macmillan River, June, August and 
October 1981 

3-21 Age Frequency Distribution of Arctic Grayling from the 3-53 
South Macmillan River, June, August and October 1981 



PAGE - 
TABLES (Cont'd) 

3-22 Observed Age-Length Relationships of Arctic Grayling 3-54 
from the South Macmillan River, 1981 Compared with 
Other Populations 

3-23 Selected Weight-Length Relationships for Arctic Grayling 3-56 
Throughout Their Range 

3-24 Stomach Contents of Arctic Grayling from South Macmillan 3-60 
River, Jason Property, August 18 ,  1981 

3-25 Fish Tissue Analysis for Arctic Grayling from the South 3-62 
Macmillan River compared with other locations 

FIGURES 

Figure 

3-1 Growth Rate of Arctic Grayling from South Macmillan River 3-55 
Compared with Those of Other Populations Throughout 
the Species Range 

PLATES 

Plate 

3-1 Aquatic Habitat Assessment, Jason Property 



3 .1  AQUATIC HABITAT ASSESSMENT 

311 INTRODUCTION 

The r e s u l t s  of t he  a q u a t i c  h a b i t a t  assessment undertaken i n  

1981 a r e  presented i n  t h i s  s ec t i on ,  A b iophys i ca l  s t ream survey map 

( P l a t e  3-1) i l l u s t r a t e s  t h e  b a s i c  reach d i v i s i o n s ,  reach d a t a ,  s i t e  

s p e c i f i c  stream f e a t u r e s  and t h e  watershed code numbers f o r  t he  a rea .  

Deta i led  reach  d a t a  and photographs f o r  reaches  i d e n t i f i e d  on t h e  map 

a r e  found i n  Appendix B. 

312 RESULTS OF THE AOUATIC HABITAT ASSESSMENT 

A l l  major f l u v i a l  (s t ream) h a b i t a t s  on and immediately out-  

s i d e  the  Jason proper ty  were i nves t i ga t ed .  The South Macmillan River 

is  t h e  l onges t  and l a r g e s t  system i n  the  s tudy  a r ea .  The Hess River 

t r i b u t a r y ,  i t s  headwaters p a r t i a l l y  on the  proper ty ,  was the  next l a r -  

g e s t  stream. A l l  o the r  s t reams were t r i b u t a r i e s  t o  these  two systems. 

Most of t he  o the r  t r i b u t a r i e s  i n  t he  a r e a  a r e  s h o r t ,  sometimes i n t e r -  

m i t t e n t  mel twater  s t reams having only one or  two reaches ,  o f t e n  charac- 

t e r i z e d  by a  s t e e p  mountainside reach  and a  more g e n t l y  s lop ing ,  less 

t u r b u l e n t ,  v a l l e y  bottom reach  ( i  . e m ,  Sekie Creek), 

The South Macmillan River has two d i s t i n c t  reach types  on t h e  

property.  Reach 21 h a s  a  s t e e p e r  g rad i en t  and s t r a i g h t e r  channel than 

reach  22, and i s  cha rac t e r i zed  by numerous small  cascades and r ap ids .  

Pools a r e  smal le r  and fewer than i n  reach 22, and the  s u b s t r a t e  has a  

l a r g e r  component of boulder-sized ma te r i a l .  In c o n t r a s t ,  reach  22 i s  

l e s s  t u r b u l e n t ,  more meandering, and has l a r g e r  pools.  Gravel sub- 

s t r a t e  i s  abundant and appears  s u i t a b l e  f o r  f i s h  spawning. A t h i r d  

reach ,  20a, i s  s i m i l a r  t o  reach  22 i n  phys ica l  s t r u c t u r e .  The "a" 
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des igna t ion  was necessary  t o  accommodate t h i s  a d d i t i o n a l  reach which 

was not  i d e n t i f i e d  by t h e  Yukon Ecologica l  Land Survey due t o  d i f f e r -  

ences  i n  t he  s c a l e  of t h e i r  mapping. 

Gradien ts  i n  t he  streams were o f t e n  too g r e a t  t o  provide f i s h  

holding water (poo l s )  o r  t o  permit easy  upstream f i s h  movements. The 

South Macmillan River and Hess River t r i b u t a r y  had the lowest ca lcu la -  

t ed  s lopes ,  0.6 and 1.3% re spec t ive ly .  Slopes g r e a t e r  than  20% ( i n  

mountainside reaches)  were not  uncommon. 

High stream g r a d i e n t s  prevent t he  depos i t i on  of any s i g n i f i -  

c an t  amounts of f i n e r  s u b s t r a t e  m a t e r i a l s  which a r e  important  a s  ben- 

t h i c  i n v e r t e b r a t e  h a b i t a t  and a s  spawning h a b i t a t  f o r  f i s h .  In almost 

a l l  reaches ,  t h e  s u b s t r a t e  was composed of g r a v e l ,  cobble  and boulder- 

s i zed  ma te r i a l .  Subs t r a t e  m a t e r i a l  i n  t he  Hess River t r i b u t a r y  was a l -  

most exc lus ive ly  boulder  s i zed  rocks.  Reach R22 of t h e  South Macmillan 

River had the  g r e a t e s t  accumulation of f i n e r  s u b s t r a t e  m a t e r i a l s .  

The g r e a t e s t  percentage of f l u v i a l  h a b i t a t  i n  t he  s tudy a r ea  

was cha rac t e r i zed  by r i f f l e s ,  r a p i d s ,  and cascades.  R i f f l e  a r e a s  a r e  

e s s e n t i a l  f o r  success fu l  salmonid repreduc t ion  and provide h a b i t a t  f o r  

t h e  most important food i tems used by salmonids. Pools a r e  equa l ly  i m -  

po r t an t  f o r  providing cover and r e s t i n g  a r e a s  f o r  f i s h .  Some salmonids 

spend a s  much a s  95 percent  of t he  time i n  pools  (Thompson 1974, Hooper 

1973). A 1: l  r i f f 1 e : p o o l  r a t i o  i s  usua l ly  considered optimum f o r  f i s h  

production. 

Except f o r  reaches  21 and 22, pools were non-exis tent  i n  most 

stream reaches examined. Reach R22 of t he  South Macmillan River had 

t h e  g r e a t e s t  percentage of pools and t h e  most s u i t a b l e  r i f f 1 e : p o o l  

r a t i o  i n  the  a r ea .  However, t he  absence of f i s h  i n  the reach suggests  

t h e r e  may be o t h e r  l i m i t i n g  f a c t o r s ,  such a s  water q u a l i t y  o r  l a c k  of 

food . 



In north-temperate c l i m a t e s ,  overwin te r ing  a r e a s  a r e  c r i t i c a l  

t o  t he  s u r v i v a l  of f i s h .  These a r e a s  must have s u f f i c i e n t  depth so a s  

n o t  t o  f r eeze  t o  the  bottom, and a food source t h a t  occas iona l ly  can 

support  l a r g e  concen t r a t i ons  of f i s h .  Deep pools a r e  o f t e n  sought ou t  

by f i s h  f o r  overwinter ing.  Other than some of the  deeper pools noted 

i n  reach  R22 of t h e  South Macmillan River,  no s u i t a b l e  overwinter ing 

f i s h  h a b i t a t  was observed i n  the  s tudy a rea .  

Water l e v e l  f l u c t u a t i o n s  were noted i n  s t reams throughout t he  

sampling per iod ,  with t h e  h ighes t  l e v e l s  co inc id ing  wi th  t he  sp r ing  

f r e s h e t .  In gene ra l ,  l a t e r a l  channel movement i n  t he  s t reams examined 

was low, a s  evidenced by the  l u s h  growth of r i p a r i a n  vege t a t i on  (most ly  

unders tory  and ground cover)  and the  l a c k  of major a c t i v e  e ros ion  

poin ts .  Some a c t i v e  bank e ros ion  due t o  undercu t t ing  was observed i n  

t h e  South Macmillan River i n  reach R22, upstream and downstream of the  

a i r s t r i p .  

Stream t u r b i d i t y  was v a r i a b l e  throughout t he  proper ty  and was 

in f luenced  by exp lo ra to ry  mining a c t i v i t y  i n  the  a r ea .  Throughout the  

year ,  t he  South Macmillan River remained moderately t u r b i d  even up- 

s t ream of developments. Natural e ros ion  i n  t h i s  stream and occas iona l  

man-made d i s tu rbances  con t r ibu t ed  to  pe r iod i c  high t u r b i d i t y .  

313 SUMMARY 

The South Macmillan River and Hess River t r i b u t a r y  were the 

l a r g e s t  streams i n  t h e  s tudy a rea .  The South Macmillan River had two 

d i s t i n c t  reach types :  one wi th  a s t eepe r  g r a d i e n t ,  s t r a i g h t e r  channel 

and many cascades and r a p i d s ,  and the  o t h e r  more meandering wi th  l a r g e r  

pools. Other t r i b u t a r y  s t reams had s t e e p  g r a d i e n t s  which would l i m i t  

f i s h  access .  T r ibu t a ry  stream h a b i t a t  was cha rac t e r i zed  by abundant 

r i f f l e s ,  r a p i d s  and cascades ,  wi th  pools being non-existent i n  



most reaches  of t he se  s t reams.  No s u i t a b l e  overwin te r ing  f i s h  h a b i t a t  

was observed o t h e r  than some of t h e  deeper  pools  found in reach R22 of 

t h e  South Macmillan River.  



3.2 PHYSICAL-CHEMICAL FEATURES 

321 WATER CHEMISTRY 

.1 I n t r o d u c t i o n  

The d i s s o l v e d  and suspended s u b s t a n c e s  i n  t h e  wa te r s  of t h e  

p r o j e c t  a r e a ,  which c o l l e c t i v e l y  c o n s t i t u t e  t h e  water  c h e m i s t r y ,  a r e  a 

major f o r c e  de te rmin ing  t h e  n a t u r e  of t h e  r e s i d e n t  a q u a t i c  b i o l o g i c a l  

communities. These s u b s t a n c e s  de te rmine  n o t  o n l y  t h e  r e l a t i v e  produc- 

t i v i t y  of t h e  v a r i o u s  components i n  t h e  a q u a t i c  system bu t  a l s o  t h e i r  

a b i l i t y  t o  r e s i s t  environmental  change. 

.2 R e s u l t s  

Table  3-1 p r e s e n t s  t h e  water  chemis t ry  d a t a  c o l l e c t e d  on s i t e  

dur ing  t h e  June survey.  A l l  d i s s o l v e d  oxygen c o n c e n t r a t i o n s  were above 

100 p e r c e n t  s a t u r a t i o n  due p r i m a r i l y  t o  t h e  t u r b u l e n t  n a t u r e  of t h e  

s t reams .  Conduc t iv i ty  was h i g h e s t  i n  Rust Creek. The l a r g e s t  

v a r i a t i o n  i n  wa te r  t empera tu re  (4OC) was observed w i t h i n  approximately  

one hour between t h e  h i g h e s t  and lowes t  sampling sites on t h e  South 

Macmillan River  (Tab le  3 .1) .  

The r e s u l t s  of t h e  water  a n a l y s e s  of samples from t h e  South 

Macmillan River and i t s  t r i b u t a r i e s  are p r e s e n t e d  i n  Tab les  3-2, 3-3 

and 3-4. The sampling s t a t i o n  numbers a r e  a r ranged  from t h e  most up- 

s t ream s i t e  ( t o p  of t h e  t a b l e )  t o  t h e  most downstream (bottom of t h e  

t a b l e )  w i t h  t r i b u t a r y  d a t a  ( d e s i g n a t e d  by ' T ' )  p o s i t i o n e d  between the  

r i v e r  d a t a  cor responding  t o  t h e  e n t r a n c e  of t h e  t r i b u t a r y .  Tables  3-5, 

3-6 and 3-7 p r e s e n t  t h e  a n a l y s i s  of samples from t h e  Hess River t r i b u -  

t a r i e s ,  i n  t h e  same manner a s  Tab les  3-2 t o  3-4 .  P l a t e  2-1 shows t h e  

l o c a t i o n s  of t h e  sampling s i t e s .  



TARLE 3-1 

Water Chemistry Parameters ,  MacMillan Pass  Area, Jason Proper ty ,  June 1981 

Locat ion S t a t i o n  Date Time Water Air Diss. Conduc t iv i t y  
(D.S.T.) Temp. Temp. Oxygen 

S. Macmillan R. SM- 1 

SM-2 

SM-3 

SM-4 

Rust C r .  

Sekie  C r .  #1 SC1-1 

Hess R. Trib.  HR- 1 

HR-3 

Nidd C r .  NC- 1 

mhos 

9 8 

110 

95 

94 

2 10  

2 10 

30 

8 3 

- 

110 



TABLE 3-2 

South Macnlillan River  and T r i b u t a r i e s  Water Chemistry. .lune 1981 
(Data from C o r d i l l e r a n  Engineering) 

, l lka l -  D i s s .  Susp. T o t a l  D i s s .  T o t a l  
pH i n i t y  Hardness S o l i d s  S o l i d s  Turbidi ty  SO4 PO4 F Fe Fe A s  Cu Pb Zn Cd Cr >lo U Ilg Ba 

NOTE: Sampling s i t e s  arranged from upstream t o  downstream; (T) d e s i g n a t e s  t r i b u t a r i e s  witli sampling s i t e s  arranged i n  s i m i l a r  manner - 



South Macmillan R i v e r  and T r i b u t a r i e s  Water Chemistry,  August 1981 
(Data  f rom Pan  Ocean O i l  L td . )  

Alkal-  D i s s .  Susp.  
p a  i n i t y  Hardness S o l i d s  S o l i d s  T u r b i d i t y  SO4 PO4 

PP" 

< 1 
<1 
< 1 
<1 
< 1 
< 1 
<1 

< 1 

-<1 
< 1 
<1 
< 1 
< l  
<1 
<1 
< 1 

<1 

< 1 

<1 

NOTE: Sampling sites a r ranged  from ups t ream t o  downstream; - 
(T)  d e s i g n a t e s  t r i b u t a r i e s  w i t h  sampl ing sites a r r a n g e d  i n  
s i m i l a r  manner 



TARLE 3-3 (Cont 'd) 

South Macmillan River  and T r i b u t a r i e s  Water Chemistry, August 1981 

Tota l  D i s s .  To ta l  
P Pe Pe As Cu Pb Zn Cd C r  Mo U Hi3 Ra Mn Sb Sr  4 4  

- - - -- - - - - - 

NOTE: Sampling s i t e s  arranged from upstream t o  downstream; (T)  des igna tes  t r i b u t a r i e s  with sampling s i t e  
arranged i n  similar manner 



TABLE 3-4 

S o u t h  Macmi l lan  R i v e r  and  T r i b u t a r i e s  Wate r  C h e m i s t r y ,  Sep tember  1981 
( D a t a  Erom Pan  Ocean  O i l  1 , td .)  

Alka l -  T o t a l  D i s s o l v e d  Suspended T o t a l  
pll A c i d i t y  i n i t y  t l a r d n e s s  Ca Ilg C o n d u c t i v i t y  S o l i d s  S o l i d s  T u r b i d i t y  C o l o u r  SO4 C1 P h o s p h o r u s  NO2-N03 

JTU 

2.6 

20.2 

6.3 

10.4 

12 

2 5 

25 

7.2 

1.6 

9 .0  

3.8 

3.6 

8.0 

0.48 

8 .0  

1 0  

0.63 

ppm a s  P 

0.019 

0.035 

0.037 

0.26 

0 .023  

0.030 

0.024 

<O. 0 0 3  

0.005 

0.019 

0.017 

0.015 

0.018 

0.003 

0.018 

0.017 

0 .003  

ppm as Id 

5.4 

0.174 

9.6 

2.1 

1 .O6 

9.7 

1.10 

3 .1  

0 .054  

0 .20  

0.021 

0.079 

0.20 

1.54 

0.093 

0.056 

0.07 

NOTE: Sampl ing  s i t e s  a r r a n g e d  f rom u p s t r e a m  t o  downs t ream;  (T) d e s i g n a t e s  t r i b u t a r i e s  w i t h  s a m p l i n g  sites a r r a n g e d  i n  s i m i l a r  manner  - 
* i n s u f f i c i e n t  sample  



TAllLE 3-4 (Cont ' d )  

South Macmillan River  and T r i b u t a r i e s  Water Chemistry,  September 1981 
( A l l  u n i t s  a r e  ppb) 

- 

NOTE: Sampling s i t e s  arranged from upstream t o  downstream; (T) d e s i g n a t e s  t r i b u t a r i e s  w i t h  sampling s i t e s  arranged i n  s i m i l a r  manner - 



TABLE 3-5 

H e s s  R i v e r  T r i b u t a r i e s  Water C h e m i s t r y ,  J u n e  1981 
(Data f r o m  C o r d i l l e r a n  E n g i n e e r i n g )  

A l k a l -  D i s s .  Susp .  
pi1 ini t y  (Lardncss  S o l i d s  S o l i d s  T u r b i d i t y  SO4 

- 
ppo  P P ~  P P ~  P P ~  P P ~  PI"'' 

26 8 . 0  120 76 144 2 7 5 

27 7.7 97 64 90  4 9 5 

28 8 . 1  102 64 140  2 7 20 

( T )  25 7 .8  89  56 104 3 9 10 

L2 7.9 9 1  64 120  9 5 1 0  

( T )  A 7.2 7 

31 7.1 20 

(T) O 4.0 2 
W 

I 
P 

33 7.1 21 
P D 4.0 2 

( T )  38 7.6 104 

35  6 .8  23  

T o t a l  
~ 0 4  F F e  

Pl"n PPb P P ~  

< 1 50  5 0  

2 5 0  5 0  

< 1 45 150  

1 45  5 0  

3 75  1 5 0  

D i s s .  
F e As Cu Fb 

P P ~  w b  P P ~  P P ~  

50 < 2  12 16 

8 0  < 2  9 16 

220 < 2  8 12 

5 0 2 16 8 

140 < 2  9 8 

T o t a l  
Elo U Ilg i;a 

NOTE:  S a m p l i n g  s i t e s  a r r a n g e d  f r o m  u p s t r e a m  t o  downs t r eam;  (T)  d e s i g n a t e s  t r i b u t a r i e s  t o  m a i n  c h a n n e l  

I l i dd  C r e e k  

( T )  37 7.6 64 54 130  2 6 30 <1 6 5  100  8 0  < 2  9 1 2  23  < 1  10 1 2  3.0 <.05 100  

( T ) 3 6  7.5 64 54 116 6 5 2 5 < 1 6 0  5 0  8 0  <2 11 20 2 0  <1 5 8 3.5 c.05 < l o 0  



TARLE 3-6 

Hess River Tributaries Water Chemistry, August 1981 
(Data from Pan Ocean Oil Ltd.) 

Alkal- Diss. Susp. 
pH inity Hardness Solids Solids Turbidity SO4 PO4 

NOTE: Sampling sites arranged from upstream to downstream; (T) 
designates tributaries to main channel 



TARLE 3-6 (Cont 'd) 

K e s s  River T r i b u t a r i e s  Water Chemistry, August 1981 
( A l l  U n i t s  a r e  ppb) 

To ta l  D i s s .  Total  
F E'e Fe A s  Cu Pb Zn Cd C r  Mo U Hg Ra Mn Sb Sr Ag 

NOTE: Sampling sites ar ranged  from upstream t o  downstream; (T) des igna t e s  t r i b u t a r i e s  wi th  sampling si tes 
ar ranged  i n  s i m i l a r  manner 

I 



TABLE 3-7 

Hess  R i v e r  T r i b u t a r i e s  Water  C h e m i s t r y ,  Sep tember  1981 

(Data f rom Pan Ocean 011 L t d . )  

Alka l -  T o t a l  D i s s o l v e d  Suspended T o t a l  

pll A c i d i t y  i n i t y  H a r d n e s s  Ca Mg C o n d u c t i v i t y  S o l i d s  S o l i d s  T u r b i d i t y  Colour  SO4 C1 Phosphorous  N02-NO3 

PPm JTU ppm a s  P 

0 .076  

0.017 

0.008 

0.074 

0.010 

0 .009  

0.007 

0.010 

0.009 

pym a s  N 

NOTE: Sampl ing  s i t e s  a r r a n g e d  from u p s t r e a m  t o  downs t ream;  (T)  d e s i g n a t e s  t r i b u t a r i e s  w i t h  s a m p l i n g  s i t e s  a r r a n g e d  i n  s i m i l a r  manner - 



TARLE 3-7 (Cont'd) 

[ less River Tributaries  Water Chemistry. September 1981 

( A l l  u n i t s  are  ppb) 

- -- - - - - - - - -- - - 

HTI 

NOTE: Sampling s i t e s  arranged from upstream to  downstream; ( T )  des ignates  t r i b u t a r i e s  with sampling s i t e s  arranged i n  s imi lar  manner - 



.21 South Macmillan River  Drainage 

The August 1978 d a t a  p resen ted  by Art Pearson and A s s o c i a t e s  

(1981) f o r  t h e  M 1  s t a t i o n  a r e a  on t h e  South Macmillan showed a pH of 

6.8 above t h e  e n t r a n c e  of Rust Creek. This  i s  c l o s e  t o  June 1981 

measurements downstream (below t h e  e n t r a n c e  of Rust Creek) a t  s t a t i o n s  

1 3  and M2 of pH 6.7 and 6.8 (Table  3-2). 

Although o t h e r  d a t a  g iven  by Art Pearson and A s s o c i a t e s  

(1981) show t h a t  Rust Creek d e p r e s s e s  t h e  pH of t h e  South Macmillan 

River  immediately below i t s  e n t r a n c e ,  it  i s  a p p a r e n t  from d a t a  c o l l e c -  

t e d  f a r t h e r  downstream ( 1 3  and M2) t h a t  mixing,  d i l u t i o n  and /or  neu- 

t r a l i z a t i o n  of t h e  Rust Creek wate r  o c c u r s  and t h e  pH of  t h e  r i v e r  

r e t u r n s  t o  h i g h e r  l e v e l s .  

Art Pearson and A s s o c i a t e s  (1981) a l s o  p r e s e n t  1980 d a t a  from 

t h e  South Macmillan River  immediately above and below t h e  e n t r a n c e  of 

Rust Creek which shows a d e f i n i t e  i n c r e a s e  i n  z i n c  and manganese, 

a p p a r e n t l y  caused by Rust Creek. Boron, however, seems t o  have been 

decreased  by t h e  e n t r a n c e  of Rust Creek. 

Unfor tuna te ly  i n  June 1981, no water  samples were taken above 

t h e  e n t r a n c e  of Rust Creek so  t h a t  s i m i l a r  comparisons a r e  n o t  poss i -  

b l e .  However, water  samples from t h e  two s t a t i o n s  below t h e  e n t r a n c e  

of Rust Creek t aken  i n  June  1981 (13 and M2) show l a r g e  d e c r e a s e s  i n  

t o t a l  and d i s s o l v e d  i r o n  between t h e s e  s t a t i o n s  (Tab le  3-2). Smal ler  

d e c r e a s e s  were observed f o r  t u r b i d i t y ,  suspended s o l i d s ,  and z inc .  

These d e c r e a s e s  might be expected as t h e  d i s t a n c e  from t h e  s o u r c e  of 

t h e  i n p u t  i n c r e a s e d .  



The wate r  q u a l i t y  d a t a  f o r  August and September 1981, ( T a b l e s  

3-3 and 3-4) had sampling s i t e s  above (Ml) and below (M2) t h e  e n t r a n c e  

of Rust Creek. Even though t h e  downstream sampling s i t e  i s  l o c a t e d  

over  1.6 km below t h e  e n t r a n c e  of Rust Creek, t h e  wa te r  a n a l y s e s  f o r  

August r e v e a l  i n c r e a s e s  a t  M2 i n  t u r b i d i t y ,  suspended s o l i d s ,  t o t a l  

i r o n  and z inc .  With t h e  e x c e p t i o n  of suspended s o l i d s ,  t h e  same pat-  

t e r n  i s  observed i n  t h e  September a n a l y s e s .  A c i d i t y  and c o n d u c t i v i t y  

a t  M2 a l s o  show a n  i n c r e a s e  over  M 1  i n  September. 

Thus i t  a p p e a r s  t h a t  Rust Creek can i n f l u e n c e  s p e c i f i c  wa te r  

q u a l i t y  pa ramete rs  of t h e  South Macmillan River  from i t s  e n t r a n c e  t o  

s t a t i o n  M2, over  1.6 km downstream. 

The n e x t  t r i b u t a r y  e n t e r i n g  t h e  South Macmillan River i s  Tom 

Creek ( S t a t i o n  T).  The f i r s t  s i te  downstream of Tom Creek sampled i n  

June was M4 ( approx imate ly  one k i l o m e t e r  downstream). No i n f l u e n c e  of 

Tom Creek was s e e n  i n  any of t h e  parameters  ana lyzed  i n  t h e  June 

samples. I n  both  t h e  August and September samples a new sampling s i t e  

(M3) approx imate ly  400 m downstream from t h e  e n t r a n c e  of Tom Creek was 

used. Again, no pronounced d i f f e r e n c e s  i n  t h e  c o n c e n t r a t i o n s  of t h e  

pa ramete rs  sampled between M2 and M3 could  be d e t e c t e d  i n  August. The 

p o s s i b l e  e x c e p t i o n  was t h a t  of d i s s o l v e d  s o l i d s ,  which i n c r e a s e d  from 

86 ppm a t  M2 t o  122 ppm a t  M3 (Tab le  3-3). 

I n  September, n o t i c e a b l e  i n c r e a s e s  were observed a t  M3 i n  

a c i d i t y ,  suspended s o l i d s ,  t u r b i d i t y ,  copper ,  and n i c k e l  when compard 

t o  s t a t i o n  M2 (Tab le  3-4). With t h e  e x c e p t i o n  of suspended s o l i d s ,  t h e  

v a l u e s  of t h e s e  pa ramete rs  i n  Tom Creek were a l l  much h i g h e r  t h a n  t h e y  

were i n  t h e  South Macmillan River .  



The 30 ppb i n c r e a s e  i n  chromium a t  M3 over  t h a t  found a t  M2 

( < i O  ppb)  cannot  be e x p l a i n e d ,  p a r t i c u l a r l y  when Tom Creek c o n t r i b u t e s  

no th ing  i n  terms of t h i s  meta l  (< 10 ppb) . This  i n c r e a s e  i n  chromium 

w i l l  be addressed  l a t e r  when d i s c u s s i n g  s t a t i o n s  M3, M4, and M5. 

The f a c t  t h a t  t h e  i n f l u e n c e  of Tom Creek on t h e  South Macmil- 

l a n  River  water  chemis t ry  a p p e a r s  t o  occur  i n  September and n o t  June 

cou ld  be a t t r i b u t e d  t o  reduced f low i n  t h e  South Macmillan River i n  

September compared w i t h  t h a t  i n  June.  Over t h e  pe r iod  1975-1979, t h e  

month o f  June had t h e  h i g h e s t  mean monthly d i s c h a r g e ,  which may have 

d i l u t e d  t h e  d i s c h a r g e  from Tom Creek t o  a  l e v e l  c l o s e r  t o  t h a t  of t h e  

main r i v e r .  

The n e x t  downstream South Macmillan River sampling s i t e ,  

( S t a t i o n  10) was l o c a t e d  l e s s  t h a n  100 m downstream from t h e  e n t r a n c e  

o f  a n o t h e r  t r i b u t a r y  ( d e s i g n a t e d  MT4, see  p l a t e  2-1). With t h e  excep- 

t i o n  of suspended s o l i d s ,  no d i f f e r e n c e s  between s t a t i o n  M4 ( l o c a t e d  

550 m upstream from t h e  e n t r a n c e  of MT4) and s t a t i o n  10 were observed.  

Suspended s o l i d  c o n c e n t r a t i o n s  decreased  by one h a l f .  

The June  sampling program had t h r e e  s i t e s  ( s t a t i o n s  10 ,  9 ,  

and M5) a long  t h e  South Macmillan River i n  an  a r e a  n o t  r e c e i v i n g  any 

s i g n i f i c a n t  t r i b u t a r y  s t reams .  This 3.1 km s e c t i o n  of r i v e r  (from 

s t a t i o n  1 0  t o  M5) p e r m i t s  an examinat ion of t h e  normal v a r i a b i l i t y  o f  

some parameters  i n  t h e  r i v e r  (Tab le  3-2). Of t h e  21 paramete rs  anal-  

yzed,  l a r g e  v a r i a t i o n s  occur  o n l y  i n  suspended s o l i d s ,  t u r b i d i t y ,  and 

t o t a l  i r o n .  In  a d d i t i o n ,  t h e s e  a l l  occur between s t a t i o n s  9  and M5. 

Suspended s o l i d  c o n c e n t r a t i o n s  i n c r e a s e d  from 3 t o  52 ppm, t u r b i d i t y  

i n c r e a s e d  from 1 2  t o  28 ppm and t o t a l  i r o n  i n c r e a s e d  from 860 t o  4920 

ppb (Table  3-2). The c a u s e  o f  t h e s e  v a r i a t i o n s  i s  unknown, a l though  

b r i d g e  and road c o n s t r u c t i o n  i n  t h e  area of s t a t i o n  9 c o u l d  p o s s i b l y  

have played a  p a r t  i n  t h e  observed e f f e c t s  a t  M5. 



An a d d i t i o n a l  sampling s i t e  (M3) on t h e  South Macmillan River  

and on a  downstream t r i b u t a r y  ( s e e  P l a t e  2-1) d e s i g n a t e d  MT3 was e s t a b -  

l i s h e d  i n  August ( T a b l e  3-3). There were no n o t i c e a b l e  d i f f e r e n c e s  i n  

any o f  t h e  c o n c e n t r a t i o n s  of t h e  pa ramete rs  between sampling s t a t i o n s  

M3 and M4 which could  be a t t r i b u t e d  t o  t h e  i n f l o w  of t r i b u t a r y  MT3. 

The s e c t i o n  of t h e  r i v e r  from M4 t o  M5 (approx imate ly  3.75 

km) showed l i t t l e  v a r i a t i o n  i n  t h e  water  q u a l i t y  parameters  measured 

(Tab le  3-3). The o n l y  l a r g e  i n c r e a s e  observed was i n  t o t a l  i r o n  (2 ,620 

ppb a t  M4 t o  4,150 ppb a t  M5). T r i b u t a r y  MT4 e n t e r e d  t h e  South Macmil- 

l a n  River  approx imate ly  3  km above s t a t i o n  M5, and was d r y  i n  August. 

The June sample of MT4 had 50  ppb t o t a l  i r o n  and  60 ppb d i s s o l v e d  i r o n .  

The September sampling program r e v e a l e d  a r a t h e r  unusual  pa t -  

t e r n  of water  q u a l i t y  parameter  l e v e l s  ( s e e  Table  3-4) between s t a t i o n s  

F13 and M5. The pH a t  s t a t i o n  M4 was 4.56. This i s  t h e  lowest  pH 

recorded a t  any South Macmillan River  sampling s i t e  f o r  any sampling 

per iod.  Associa ted wi th  t h i s  low pH i s  a  s l i g h t l y  h i g h e r  c o n d u c t i v i t y ,  

d i s s o l v e d  s o l i d s  c o n c e n t r a t i o n ,  and l e v e l s  of a r s e n i c ,  i r o n ,  and chro- 

mium. These same paramete rs ,  a t  M5 a r e  a t  l e v e l s  e q u a l  t o  o r  lower 

than  those  observed a t  M3. T r i b u t a r y  MT3 e n t e r s  t h e  r i v e r  between M3 

and M4, bu t  due t o  v e r y  low f low,  water  q u a l i t y  sampling was n o t  

conducted on t h i s  t r i b u t a r y  i n  September. The August samples ,  however, 

(Table  3-3) showed t h i s  t r i b u t a r y  t o  be b a s i c  (pH 8.1) and c o n t a i n  low 

l e v e l s  of d i s s o l v e d  s o l i d s ,  a r s e n i c ,  i r o n  and chromium. In  a d d i t i o n ,  

p rev ious  sampling of M4 i n  June and August 1981 showed i t  t o  be n e u t r a l  

(pH 6.9 and 7.1 r e s p e c t i v e l y )  and t o  c o n t a i n  l e v e l s  of d i s s o l v e d  

s o l i d s ,  i r o n ,  a r s e n i c ,  and chromium similar t o  t h e s e  a t  a l l  o t h e r  r i v e r  

sampling s i t e s .  



One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  observed i r r e g u l a r i t i e s  a t  

ti4 i n  September is  t h a t  a s l u g  of water wi th  d i s t i n c t l y  d i f f e r e n t  char-  

a c t e r i s t i c s  from those  observed normal ly  i n  t h e  South Macmillan River 

w a s  in t roduced  a t  some p o i n t  a long t h e  r i v e r  and was t r a v e l l i n g  down- 

s t ream a t  t h e  t i m e  t h e  samples were taken.  

The s e c t i o n  of t h e  r i v e r  from s t a t i o n s  M5 t o  7 r e c e i v e s  Sekie 

Creek. S t a t i o n  7 ,  l o c a t e d  approx imate ly  100 m below t h e  e n t r a n c e  of 

Sekie  Creek seemed t o  i n d i c a t e  t h a t  d i l u t i o n  of t h e  South Macmillan 

River  c o n s t i t u t e d  t h e  o n l y  i n f l u e n c e  t h i s  c r e e k  had on t h e  South 

Macmillan River .  F a r t h e r  downstream, between s t a t i o n s  7 and 6 ,  t h e r e  

was l i t t l e  o r  no d i f f e r e n c e  i n  t h e  water  q u a l i t y  pa ramete rs  measured i n  

June.  (Tab le  3-2). 

During t h e  August water  q u a l i t y  sampl ing,  s t a t i o n  M6 was 

e s t a b l i s h e d  between s t a t i o n s  7 and 6 ,  which were then  abandoned. A s  i n  

June ,  t h e  v a l u e s  f o r  a l l  water  q u a l i t y  pa ramete rs  a t  t h e  M6 a r e a  w r e  

e q u a l  t o  o r  lower t h a n  t h o s e  a t  M5 (Table  3-3). Although t h e  same gen- 

e r a l  p a t t e r n  observed i n  June,  and August was a p p a r e n t  i n  t h e  September 

samples ,  a c i d i t y  a t  M6 was observed t o  be much h i g h e r  than  was found a t  

115. Sekie  Creek,  which was n e u t r a l  i n  August was a c i d i c  i n  September. 

The pH measured a t  s t a t i o n  S1 i n  September (3.68) would appear  t o  be i n  

e r r o r  a s  t h e r e  a r e  no known d i s c h a r g e s  t o  t h i s  c r e e k  which could  cause  

such a d r a s t i c  r e d u c t i o n  i n  pH. S t a t i o n  S2, 200 m downstream from S1 

had a pH o f  5.95 d u r i n g  t h e  same sampling per iod .  Even t a k i n g  i n t o  

account  t h e  a c i d i t y  p r e s e n t  i n  Sekie  Creek i t  seems u n l i k e l y  t h a t  t h e  

i n c r e a s e  i n  a c i d i t y  observed a t  s t a t i o n  M6 was caused e n t i r e l y  by Sekie 

Creek. Another anomaly observed a t  s t a t i o n  M 6  was t h e  t e n  f o l d  in-  

c r e a s e  of antimony over  t h a t  observed a t  s t a t i o n  M 5  (Table  3-4). Ihe  

l e v e l s  of antimony observed i n  Sekie Creek were e q u a l  t o  t h o s e  observed 

i n  t h e  r i v e r  upstream of Sekie  Creek and t h e r e f o r e  could  have n o t  been 

caused by t h i s  inf low.  It is  p o s s i b l e  t h a t  t h e  1 0  f o l d  i n c r e a s e  i s  t h e  

r e s u l t  of e i t h e r  a n a l y t i c a l  e r r o r  o r  d a t a  t r a n s c r i p t i o n .  



The s e c t i o n  of t h e  South Macmillan River  between s t a t i o n s  6 

( o r  M6) and M7 r e c e i v e s  Jason  Creek. Genera l ly ,  t h e r e  was l i t t l e  d i f -  

f e r e n c e  between t h e  parameters  a t  s t a t i o n  6 and M7 i n  June.  Suspended 

s o l i d s  i n c r e a s e d  s l i g h t l y  whi le  d i s s o l v e d  i r o n  and z i n c  were reduced by 

o v e r  h a l f .  The same p a t t e r n  was a l s o  p r e s e n t  i n  August ,  excep t  t h a t  

suspended s o l i d s  and d i s s o l v e d  i r o n  remained unchanged between t h e  

s t a t i o n s .  Zinc was o n l y  s l i g h t l y  reduced (Tab le  3-3). 

During t h e  September sampling regime s t a t i o n  M7 was el imina-  

t e d  l e a v i n g  approx imate ly  t h r e e  k i l o m e t e r s  between main r i v e r  sampling 

l o c a t i o n s  (M6 t o  M8). Although t h i s  s e c t i o n  of t h e  South Macmillan 

River r e c e i v e d  b o t h  Jason  Creek and a s m a l l e r  t r i b u t a r y  (MT 10) t h e r e  

was no s u b s t a n t i a l  d i f f e r e n c e  between t h e  water  q u a l i t y  pa ramete rs  a t  

?I6 and 118 ( s e e  Table 3-4). 

Only two main r i v e r  sampling s t a t i o n s  were e s t a b l i s h e d  below 

M7 i n  June 1981. Of t h e  21 paramete rs  measured dur ing  t h i s  month o n l y  

suspended s o l i d s  and t o t a l  i r o n  had n o t i c e a b l e  v a r i a t i o n s .  Both were 

reduced by over  50 p e r c e n t  between M7 and M8 o n l y  t o  i n c r e a s e  a g a i n  a t  

M9 (Tab le  3-2). During t h e  August sampling p e r i o d ,  s t a t i o n s  M8 and M9 

were n o t  sampled. However, t h e r e  was l i t t l e  d i f f e r e n c e  i n  t h e  water  

q u a l i t y  pa ramete rs  measured a t  s t a t i o n s  M7 and M10. I n  September, 

samples were t aken  on t h e  South Ekcmillan River  a t  M8, M9, and M10 ( s e e  

P l a t e  2-1). Of t h e  30  parameters  measured o n l y  a c i d i t y  changed (de- 

c r e a s e d )  s u b s t a n t i a l l y  between M9 and MI0 (Tab le  3-4). 

Of t h e  n i n e  t r i b u t a r i e s  on t h e  South Macmillan River  sampled 

f o r  t h i s  s t u d y ,  two s t a n d  o u t  i n  terms of t h e i r  a c i d i t y  and h i g h  l e v e l s  

of  d i s s o l v e d  and suspended subs tances .  Rust Creek, which was sampled 

i n  August and September, and Tom Creek, which was sampled i n  June ,  

August and September,  c o n s i s t e n t l y  had l e v e l s  of i r o n ,  z i n c ,  cadmium, 

and t o t a l  d i s s o l v e d  s o l i d s  which were s u b s t a n t i a l l y  above concen t ra -  

t i o n s  of those  pa ramete rs  i n  t h e  South Macmillan River .  High l e v e l s  of 



s u l p h a t e ,  copper ,  manganese, molybdenum, uranium, a r s e n i c  and n i c k e l  

were a l s o  found a t  e l e v a t e d  c o n c e n t r a t i o n s  i n  both  t r i b u t a r i e s  a t  l e a s t  

once d u r i n g  t h e  t h r e e  sampling p e r i o d s .  It i s  impor tan t  t o  n o t e  t h a t  

whi le  Rust Creek r e c e i v e s  mine d r a i n a g e ,  Tom Creek is  a n a t u r a l l y  

a c i d i c  s t ream.  By c o n t r a s t  t h e  remaining seven t r i b u t a r i e s  had l i t t l e  

i n  t h e  way of  e l e v a t e d  l e v e l s  o f  m e t a l s  o r  o t h e r  o f  t h e  pa ramete rs  

sampled. 

The t r i b u t a r i e s  d r a i n i n g  t h e  a r e a  of Big Red Mountain (Rust  

Creek, Tom Creek, MT4, and Sekie  Creek) a r e  a c i d  wi th  t h e  e x c e p t i o n  of 

t h e  August measurements of a l k a l i n e  pH i n  Sek ie  Creek ( T a b l e  3-3). The 

t r i b u t a r i e s  d r a i n i n g  t h e  a r e a  t o  t h e  west of t h e  South Macmillan River 

(MT3, J a s o n  Creek,  MTlO and MT11) are a l k a l i n e .  

Both J a s o n  Creek and MTlO have a n o t i c e a b l y  h i g h e r  a l k a l i n i t y  

t h a n  t h e  South Macmillan River.  Other parameters  i n  t h e  t r i b u t a r i e s  

which were observed t o  be o c c a s i o n a l l y  h igh  i n  r e l a t i o n  t o  t h e  r i v e r  

were suspended s o l i d s ,  t u r b i d i t y ,  and i r o n .  However, t h e s e  pa ramete rs  

d i d  n o t  appear  t o  be c o n s i s t e n t l y  high.  The g e n e r a l  p a t t e r n  observed 

f o r  t h e  t r i b u t a r i e s  below Rust and Tom Creeks was of d i s s o l v e d  and sus- 

pended s u b s t a n c e s  a t  o r  below c o n c e n t r a t i o n s  observed i n  t h e  r i v e r .  

S t a t i o n  RL, t h e  pond a t  t h e  head of J a s o n  Creek,  was t h e  o n l y  

s t a t i c  water  body sampled. It was sampled once i n  August (Tab le  3-3) 

and found t o  be a c i d i c  (pH 5.4) w i t h  t h e  h i g h e s t  l e v e l  of suspended 

s o l i d s  and t h e  second h i g h e s t  c o n c e n t r a t i o n  o f  t o t a l  i r o n  (Rust  Creek 

was h i g h e r )  of any s t a t i o n  sampled dur ing  August. The remaining water  

q u a l i t y  parameters  were no t  s u f f i c i e n t l y  d i f f e r e n t  from t h o s e  observed 

a t  t h e  o t h e r  sampling l o c a t i o n s  i n  t h e  South Macmillan b a s i n  t o  warrant  

d i s c u s s i o n .  It i s  i n t e r e s t i n g  t h a t  t h e  f i r s t  sampling s i t e  on Jason  

Creek ( J l ,  Table 3-3) had a pH (7.8), a l k a l i n i t y ,  suspended s o l i d s ,  

t u r b i d i t y  and t o t a l  i r o n  c o n c e n t r a t i o n s  which were d r a s t i c a l l y  d i f f e r -  

e n t  from t h e  same paramete rs  i n  t h e  pond. The r e a s o n s  f o r  t h i s  a r e  

unc lea r .  



. 3  Hess River  Drainage 

The June 1981 sampling program began i n  t h e  uppermost r e g i o n s  

of t h e  Hess River t r i b u t a r i e s  d r a i n i n g  t h e  nor thwes t  s l o p e  of Nipple 

Mountain and t h e  a r e a  between i t  and J a s o n  Ridge. A s  can be seen on 

P l a t e  2-1, s t a t i o n  28 ( L i t t l e  Creek) i s  l o c a t e d  below t h e  conf luence  of 

t r i b u t a r y  s t reams  sampled a t  l o c a t i o n s  26 and 27. As would be expec- 

t e d ,  t h e  water  q u a l i t y  from a l l  t h r e e  l o c a t i o n s  showed n e g l i g i b l e  d i f -  

f e r e n c e s .  S t a t i o n  25 i s  l o c a t e d  a t  t h e  head of a n o t h e r  t r i b u t a r y  which 

e v e n t u a l l y  combines w i t h  L i t t l e  Creek. Again, t h e r e  a r e  no s u b s t a n t i a l  

d i f f e r e n c e s  i n  t h e  water q u a l i t y  pa ramete rs  measured a t  s t a t i o n  25 when 

compared wi th  s t a t i o n s  26 ,  27 and 28. 

S t a t i o n s  26 and 27 were sampled a g a i n  i n  August 1981 and 

found t o  have h i g h e r  l e v e l s  of ha rdness  and t o t a l  i r o n  when compared t o  

June. The l e v e l s  of l e a d  were lower i n  August by a t  l e a s t  a f a c t o r  of 

f o u r .  Otherwise ,  t h e  pa ramete rs  measured i n  June and August were n o t  

g r e a t l y  d i f f e r e n t .  In  August, s t a t i o n  25 was moved f u r t h e r  downstream 

and d e s i g n a t e d  BD. Comparisons of t h e  water  q u a l i t y  pa ramete rs  sampled 

i n  June a t  s t a t i o n  25 and at  BD i n  August showed o n l y  h i g h e r  ha rdness  

and lower t u r b i d i t y  and copper i n  August, ( T a b l e s  3-5, 3-6, 3-7). Com- 

p a r i s o n  of water  q u a l i t y  parameters  c o l l e c t e d  a t  t h e  same l o c a t i o n  (BD) 

i n  September showed d e c r e a s e s  i n  t h e  c o n c e n t r a t i o n s  a t  t o t a l  i r o n ,  

molybdenum and antimony . 

S t a t i o n  L1 ( s e e  P l a t e  2-1) was e s t a b l i s h e d  i n  August and sam- 

pled aga in  September. In n e i t h e r  c a s e  d i d  t h e  water  q u a l i t y  upstream 

of t h e  sampling s i t e  produce any e f f e c t s  a t  t h i s  s t a t i o n .  Comparison 

of t h e  a n a l y s e s  from August and September f o r  t h i s  s t a t i o n  showed only  

an  i n c r e a s e  i n  suspended s o l i d s  i n  September accompanied by a d e c r e a s e  

i n  molybdenum, bar ium,  and antimony. 



S t a t i o n  L2, sampled o n l y  i n  June ,  was immediately upstream of 

t h e  e n t r a n c e  of Alpine Creek ( S t a t i o n  A). S t a t i o n  31,  a l s o  sampled 

o n l y  i n  June was immediately below t h e  e n t r a n c e  of Alpine Creek. Of 

t h e  21 water q u a l i t y  pa ramete rs  examined, o n l y  t h r e e  were s l i g h t l y  

h i g h e r  a t  s t a t i o n  31 t h a n  a t  s t a t i o n  L2 (Table  3-5). Thus, Alpine 

Creek e x e r t e d  o n l y  a n e g l i g i b l e  i n f l u e n c e  on L i t t l e  Creek. Like 

s t a t i o n s  L2 and 31,  Alpine Creek ( S t a t i o n  A) was sampled o n l y  i n  June.  

The Orange Creek sampling s i t e  ( S t a t i o n  0 )  was e s t a b l i s h e d  i n  

June a long  w i t h  a sampling s t a t i o n  (33) immediately downstream of i t s  

e n t r a n c e  i n t o  what i s  now r e f e r r e d  t o  a s  t h e  Hess T r i b u t a r y  ( s e e  P l a t e  

2-1). Orange Creek i n  June w a s  a c i d  (pH 4.0) and c o n t a i n e d  l e v e l s  of 

t o t a l  i r o n ,  copper ,  and z i n c  which were s u b s t a n t i a l l y  h i g h e r  than any- 

t h i n g  r e p o r t e d  a t  t h e  more upstream l o c a t i o n s .  However, Orange Creek 

f a i l e d  t o  i n f l u e n c e  any water  q u a l i t y  parameter i n  t h e  Hess T r i b u t a r y  

i n  June (Table  3-5). 

Orange Creek was sampled a g a i n  i n  August and September and 

remained v e r y  a c i d  (pH 3.6 and 2.8, r e s p e c t i v e l y ) .  The e l e v a t e d  l e v e l s  

of t o t a l  i r o n ,  copper  and z i n c  a l s o  remained a c h a r a c t e r i s t i c  of t h i s  

s t ream dur ing August and September ( T a b l e s  3-6 and 3-7). 

S t a t i o n s  HTl and HT2 were  e s t a b l i s h e d  immediately above and 

approx imate ly  500 m below t h e  e n t r a n c e  of Orange Creek i n  August. Only 

t h e  pH and z i n c  c o n c e n t r a t i o n s  between HTl and HT2 appear  t o  be e f  fec-  

t e d  by Orange Creek (Tab le  3-6) and t h e s e  changes do n o t  appear  t o  be 

s u b s t a n t i a l .  

The l a s t  s e c t i o n  of t h e  Hess T r i b u t a r y  sampled i n  June was 

d e l i n e a t e d  by S t a t i o n s  3 3  and 35 ( s e e  Table 3-5). Between t h e s e  two 

p o i n t s  t h e  main water  c o u r s e  r e c e i v e d  two t r i b u t a r i e s  (Dry Creek o r  

S t a t i o n  D and S t a t i o n  38). Dry Creek was not  sampled i n  August o r  

September because i t  was d ry .  The o n l y  e f f e c t  of t h e s e  t r i b u t a r i e s  on 



t h e  water q u a l i t y  parameters  a t  S t a t i o n  35 would seem t o  be a  s l i g h t  

i nc r ea se  i n  d i s so lved  s o l i d s ,  pos s ib ly  from t h e  h igh  concen t r a t i on  of 

t h i s  parameters i n  t h e  water a t  S t a t i o n  38 (Table 3-5). 

Nidd Creek was sampled i n  June a t  two l o c a t i o n s  ( S t a t i o n s  36 

and 37).  The va lues  f o r  a l l  water q u a l i t y  parameters  observed a t  both 

s t a t i o n s  on Nidd Creek, excep t  uranium, were wi th in  t h e  range of va lue s  

observed from t h e  o t h e r  Hess River t r i b u t a r i e s .  Uranium concen t r a t i ons  

were on ly  s l i g h t l y  e l eva t ed  above t h e  va lues  f o r  t he  o t h e r  t r i b u t a r i e s .  

The s e c t i o n  of t h e  Hess Tr ibu t a ry  from j u s t  above t h e  

en t r ance  of Dry Creek (HT2) t o  j u s t  above t h e  en t r ance  of Nidd Creek 

(HT3) was sampled i n  August a long with  a  t r i b u t a r y  s t a t i o n  (Q) (See 

P l a t e  2-1 and Table 3-6). Dry Creek was no t  sampled during t h i s  month 

o r  i n  September. The on ly  d i f f e r e n c e  observed between t h e  va lues  f o r  

t h e  water q u a l i t y  parameters  a t  HT2 and HT3 was a  l a r g e  r educ t i on  i n  

t o t a l  i r o n  and s l i g h t  r educ t i on  i n  z inc  a t  HT3. It i s  no t  known 

whether t he se  changes could have been caused by t r i b u t a r y  Q a lone .  

I n  September, HT2 was e l imina ted  a s  a  sampling s i t e .  Samples 

were taken ,  however, a t  HT1, 0, Q, and HT3 ( s ee  P l a t e  2-1 and Table 

3-7). Increases  i n  t h e  concen t r a t i ons  of t h e  me ta l s  copper ,  i r o n ,  

z i n c ,  and n i c k e l  were observed a t  HT3 i n  r e l a t i o n  t o  HT1. These a r e  

t h e  same meta l s  e x h i b i t i n g  h igh  concen t r a t i ons  i n  Orange Creek. Thus 

Orange Creek may in f luence  t he  water q u a l i t y  i n  t h e  Hess River Tribu- 

t a r y  a s  f a r  downstream a s  HT3 dur ing  t he  f a l l .  

Nidd Creek was sampled a t  two l o c a t i o n s  i n  each of t he  t h r e e  

sampling per iods .  Comparisons of t h e  water q u a l i t y  parameter v a l u e s  

from June t o  August (Tab l e s  3-5 and 3-6) showed t h a t  Nidd Creek was 

s l i g h t l y  more a l k a l i n e  i n  August. There were a l s o  s l i g h t  i n c r e a s e s  i n  



h a r d n e s s ,  d i s s o l v e d  s o l i d s ,  suspended s o l i d s ,  t u r b i d i t y  and f l u o r i n e ,  

and s l i g h t l y  lower  l e v e l s  of z i n c  and chromium i n  August. A l a r g e  

i n c r e a s e  i n  t o t a l  i r o n  was observed i n  August over  t h a t  i n  June.  

From August t o  September i n  Nidd Creek,  b o t h  ha rdness  and 

copper i n c r e a s e d  s l i g h t l y .  Small r e d u c t i o n s  were noted i n  suspended 

s o l i d s ,  t o t a l  i r o n ,  l e a d  and z inc .  A l a r g e  r e d u c t i o n  i n  antimony was 

a l s o  no ted  d u r i n g  t h i s  t ime per iod.  No d a t a  was a v a i l a b l e  f o r  t h i s  

parameter  i n  June.  

The most downstream s e c t i o n  of t h e  Hess River t r i b u t a r y  

sampled i n  August was d e l i n e a t e d  by S t a t i o n s  HT3 and HT4 ( s e e  P l a t e  

2-1). The o n l y  major t r i b u t a r y  e n t e r i n g  t h i s  s e c t i o n  was Nidd Creek. 

Although most of t h e  water  q u a l i t y  parameters  analyzed at  HT3 and HT4 

were n o t  s u f f i c i e n t l y  d i f f e r e n t  t o  warrant  d i s c u s s i o n ,  l a r g e  i n c r e a s e s  

were observed i n  t o t a l  i r o n  (24 X), copper (10 X) and l e a d  (10 X) a t  

tIT4. While t h e  i n c r e a s e d  i r o n  could  have p o s s i b l y  r e s u l t e d  from t h e  

i n p u t  of Nidd Creek (Tab le  3-6) ,  t h e  c o n c e n t r a t i o n s  o f  copper and l e a d  

i n  Nidd Creek were below t h a t  observed a t  HT3 and t h u s  could  n o t  have 

c o n t r i b u t e d  t o  t h e  l a r g e  i n c r e a s e  observed a t  HT4. 

The same sampling regime (HT3, Nidd Creek, and HT4) was used 

a g a i n  i n  September and t h i s  t ime no s u b s t a n t i a l  d i f f e r e n c e s  were found 

between t h e  v a l u e s  of water  q u a l i t y  parameters  a t  HT3 and HT4. Thus 

Nidd Creek does  n o t  e x e r t  a c o n s i s t e n t  i n f l u e n c e  on t h e  Hess River 

t r i b u t a r y  . 
.3 Comparison w i t h  Other  Data 

Water c h e m i s t r y  parameters  f o r  t h e  y e a r s  1976, 1977 and 1978 

(Beak c o n s u l t a n t s  Ltd .  1980) were reviewed and compared w i t h  d a t a  i n  

Tables  3-2 t o  3-7. Although g r e a t  v a r i a b i l i t y  e x i s t e d  i n  some para- 

m e t e r s  ( e  .g . suspended s o l i d s ,  ha rdness )  , no c o n s i s t e n t  pa t  t e r n s  = r e  



d i s c e r n e d .  Tom Creek ( S t a t i o n  T) was c o n s i s t e n t l y  a c i d i c  wi th  l a r g e  

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

Table 3-8 compares t h e  mean vaues  of s e l e c t e d  water c h e m i s t r y  

pa ramete rs  f o r  t h e  South Macmillan and t h e  Hess River t r i b u t a r y  f o r  

June 1981 w i t h  o t h e r  r i v e r s  and s t r e a m s  i n  t h e  Yukon and wes te rn  

B r i t i s h  Columbia. Genera l ly ,  t h e  v a l u e s  f o r  t h e  South Macmillan and 

t h e  Hess River T r i b u t a r y  were w i t h i n  t h e  range of v a l u e s  found a t  t h e  

o t h e r  l o c a t i o n s .  Only w i t h  r e s p e c t  t o  l e a d  d i d  t h e  Hess River t r i b u -  

t a r y  appear  t o  be h i g h e r  when compared t o  t h e  o t h e r  s i t e s .  The South 

Macmillan wate r  chemis t ry  a p p e a r s  t o  be w i t h i n  t h e  wide l i m i t s  s e t  by 

o t h e r  r i v e r s  and s t r e a m s  of t h e  a r e a .  

N a t u r a l l y  o c c u r r i n g  m i n e r a l  seeps  w i l l  i n f l u e n c e  small d r a i n -  

a g e s  and produce water  q u a l i t y  pa ramete rs  s i m i l a r  t o  those  encountered 

i n  e f f l u e n t s  from a c t i v e  and abandoned mines. Table 3-9 compares Tom 

Creek ( a  n a t u r a l l y  o c c u r r i n g  d r a i n a g e  wi thout  man-made impacts)  w i t h  

t h e  water  c h e m i s t r y  parameters  of some a c t i v e  and abandoned metal mines 

i n  Canada. Ton Creek e x h i b i t s  v a l u e s  w i t h i n  t h e  ranges  of t h e  e f f l u -  

e n t s  f o r  f i v e  o f  t h e  e l e v e n  paramete rs  g i v e n  (pH, suspended s o l i d s ,  

a c i d i t y ,  i r o n  and z i n c )  and approaches  e f f l u e n t  v a l u e s  f o r  an a d d i t i o n -  

a l  t h r e e  pa ramete rs  ( s u l p h a t e ,  n i c k e l  and copper ) .  

.4 R e l a t i o n  t o  Other  Paramete rs  

The r e l a t i o n s h i p  between t h e  observed v a r i a t i o n s  i n  wa te r  

c h e m i s t r y ,  t h e  pe r iphy ton  and t h e  m a c r o i n v e r t e b r a t e  communities w i l l  be 

d i s c u s s e d  i n  t h e i r  a p p r o p r i a t e  s e c t i o n s .  



TAHLE 3-8 

Study Area Date 
* Alkal -  

S i t e  pH i n i t y  Hardness  

Soutit Macmillan R i v e r  ( J u n e  1981) 

Hess River  ( J u n e  1981) 

South  McQuesten R i v e r  ( J u l y  1975) 

Tsichu River  

P e l l y  River  

Vangorda Creek 

Rackla  R i v e r  

Don Creek 

V i c t o r i a  Creek  

Rose Creek 

Anvil  Cr 

P e l l y  River  

Rig Creak 

Wolverine Creek 

( J u l y  1975) 

( S e p t  1977) 

( S e p t  1977) 

( J u n e  1979) 

( J u l y  1980) 

(Aug 1977) .. .. 
( S e p t  1976) .. 0. 

a. " 

(Aug 1976) 

( J u l y  1976) 
" .. 

(Aug 1976) 

(Sep  1976) 

( S e p  1976) 

South NcOuesten River  d a t a  from EPS 1978 

Pi"" 

2 2 

5 7 

78 
73 
86 

I3 
19 

89 
88 
115 

2 2 
183 
188 
66 
99 
137 

99 
185 
99 
109 
96 

6 1 
71 
64 
64 

86 
1 

149 
92 

70 
63 

94 
98 

74 

99 

Diss. Susp. T o t a l  Diss .  
SoLids S o l i d s  SO4 Cond. Fe Pe Cu Pb Zn Cd 

T s i c h u  R i v e r  d a t a  from S e r g y  g @. 1976 
P e l l y  R i v e r  (1977) d a t a  f rom Etont rea l  E n g i n e e r i n g  Company. L i m i t e d  1978 
Vangorda Creek d a t a  from Montrea l  E n g i n e e r i n g  Company. Limi ted  1978 
Rackla Rivgr  d a t a  from Monenco C o n s u l t a n t s  P a c i f i c  Ltd.  1980 
Don Creek d d t a  from A r c h i b a l d  and Rurns 1981 
V i c t o r i a  Creek d a t a  from EPS 1979 
Rose Creak, Anvil  Creek  and P e l l y  R i v e r  (1976) d a t a  from Raker 1979 
Rig Creek and Wolverine Creek d a t a  f rom Kelso  g 1977 

* g e o m e t r i c  mean f o r  S o u t h  b l a c n i l l a n  R i v e r  pH (mean of 11). and Hess River  T r i b u t a r y  p~ (mean of 8). 



TARLE 3-9 

Chemical Composit ion of t h e  F ina l  Discharge  of Some Ptines 

Compared t o  Na tu r a l  Drainage a t  Ton Creek 

Data from C la rke  (1974)  and Fa lk  g &. (1973)  

Mine 1 2 3 4 5 6 7 8 

Opera t i on  Cu,-Zn H2S04 from FeS2 U U Cu,Pb,Zn Cu,Pb.Zn Au Au 

Au&, 
S t a t u s  Act ive  Abandoned Abandoned Ac t i ve  Abandoned Act ive  Ac t i ve  Act ive  Act ive  Tan 

Creek  
Lime t o  M i l l  Ef f .  Y e s  -- -- Yes -- Yes Yes 

PH 3.0 2.6 2.0-2.8 6.1 2.6 6.4 5.3 7.4 8.4 3 

Suspended s o l i d s  (ppm) 25 5 35 18 22.7 60 

Dissolved  s o l i d s  (ppm) 9200 13435 309 5 3805 1078 1394.9 360 

Hardness ( P P d  1392 3065 30 1 46 

A c i d i t y  - CaC03 (ppn)  3800 7700 30 1940 29 54 

Su lpha t e  ( P P ~  855 4050 6900 1560 2150 670 1003.5 279 290 215 

I r o n  ( t o t a l )  (ppm) 11.7 1310 220-340 0.4 550 29 22.7 1.4 0 17 -9  

Nickel  ( P P ~  6.3 1.5 0 0.78 

Uranium ( P P d  5.6 0.005 

Zinc ( P P ~  0-43 34 9.4 2.15 6.5 0.13 0.069 1.2 

Copper ( P P ~  0 2.45 2.2 0.22 1.1 0.2 8.3 0.1 

Mines 1 t o  6 a r e  l o c a t e d  i n  O n t a r i o  

Mines 7 and  8 a r e  l o c a t e d  i n  t h e  Northwest T e r r i t o r i e s  



.5 Summary 

In  the  South Macmillan River dra inage ,  Rust Creek and Tom 

Creek a r e  c o n s i s t e n t l y  a c i d i c  and conta in  high l e v e l s  of d i sso lved  and 

suspended substances.  These c reeks  have a  v a r i a b l e  in f luence  on the  

South Macmillan River a l though t h e  f a c t o r s  governing t h e  v a r i a b i l i t y  

a r e  no t  c l e a r .  The t r i b u t a r i e s  MT4 and Sekie  Creek a l s o  appear t o  be 

s l i g h t l y  a c i d i c  but any inf luence  on t h e  r i v e r  was no t  observed. The 

remaining t r i b u t a r i e s  a r e  a l k a l i n e  and do not  appear t o  input  l a r g e  

amounts of d i sso lved  subs tances  t o  t he  South Macmillan River. Large 

v a r i a t i o n s  i n  t he  l e v e l s  of var ious  water chemistry parameters occur i n  

t h e  r i v e r  and many of t he se  cannot be a t t r i b u t e d  t o  continuous t r i b u -  

t a r y  input .  Masses o r  ' s l u g s '  of water having chemical c h a r a c t e r i s t i c s  

d i f f e r e n t  from t h e  ambient water chemistry and poss ib ly  o r i g i n a t i n g  a s  

a  man-made d ischarge  may be one explana t ion  of t he  observed var ia -  

t i o n s .  Localized d i s tu rbance  of bank m a t e r i a l  during cons t ruc t ion  of 

roads and br idges  i s  a l s o  another  f a c t o r  which may cause v a r i a t i o n s  i n  

t he  observed water chemistry.  

The Hess River t r i b u t a r i e s  (wi th  t he  except ion  of Orange 

Creek) sampled during t h i s  survey were somewhat l e s s  v a r i a b l e  i n  the 

concen t r a t i ons  of d i s so lved  subs tances  a s  t he se  t r i b u t a r i e s  d r a i n  a  

r e l a t i v e l y  smal l ,  more homogenous a r e a  i n  comparison t o  the  South 

Macmillan dra inage  system. 

Orange Creek is  c o n s i s t e n t l y  ac id  with high l e v e l s  of suspen- 

ded and d isso lved  subs tances  ( e  .g., t o t a l  i r o n ,  su lpha t e ,  f l u o r i d e ,  

z i n c ,  manganese, and copper) .  Its in f luence  on t h e  Hess t r i b u t a r y  i s  

v a r i a b l e ,  but t h e  causes  of t he  v a r i a t i o n s  o r  the  amount of impact i t  

has on t h e  Hess t r i b u t a r y  a r e  unknown. Likewise, Nidd Creek appears  t o  

i n f luence  the  Hess t r i b u t a r y ,  but t he  e f f e c t  i s  not  cons i s t en t .  



322 SEDIMENT CHEMISTRY 

.1 I n t r o d u c t i o n  

The trace element  composi t ion of s t ream sediment can be a 

u s e f u l  i n d i c a t o r  of t h e  l e v e l s  of m e t a l s  p r e s e n t  i n  t h e  a q u a t i c  env i r -  

onment. Stream sediments  can a l s o  be used a s  a component of a monitor-  

i n g  program f o r  t h e  e f f e c t s  of waste d i s c h a r g e .  

.2 R e s u l t s  

Of t h e  15 metals examined i n  t h e  sediment (Tab le  3-10) 6 had 

i n c r e a s e s  of 15 p e r c e n t  o r  g r e a t e r  between s t a t i o n  SM-1 and SM-2 and 

two had l a r g e  d e c r e a s e s .  The b i g g e s t  i n c r e a s e  observed was i n  l e a d  

w i t h  a 100 p e r c e n t  i n c r e a s e  between SM-1 and SM-2. Copper i n c r e a s e d  

62 p e r c e n t ,  vanadium i n c r e a s e d  29 p e r c e n t ,  a r s e n i c  i n c r e a s e d  27 

p e r c e n t ,  Zn i n c r e a s e d  16 p e r c e n t ,  and i r o n  i n c r e a s e d  1 5  p e r c e n t  between 

s t a t i o n s  SM-1 and SM-2. Unlike t h e  o t h e r  e lements ,  z i n c  i n c r e a s e d  by 

30 p e r c e n t  between SM-2 and SM-3. Assoc ia ted  w i t h  t h e  i n c r e a s e s  of s i x  

m e t a l s  between SFI-1 and SM-2 was a d e c r e a s e  o f  barium (50%) and 

manganese (39%).  The l e v e l s  of t h e s e  m e t a l s  i n c r e a s e d  a g a i n  a t  SM-3. 

The changes i n  sediment chemis t ry  observed between s t a t i o n s  

SM-1 and SM-2 must be a t t r i b u t a b l e  t o  t h e  i n f l o w  of t h e  t r i b u t a r i e s .  

Both Tom Creek and Rust Creek had l a r g e  amounts of i r o n ,  z i n c ,  copper  

i n  water of a low pH. The mixing of Tom and Rust Creeks and t h e  r e l a -  

t i v e l y  n e u t r a l  (pH 6.8) South Macmillan River  should  have caused t h e  

m e t a l s  i n  t h e  Tom Creek wate r  t o  be l o s t  from s o l u t i o n  ( o r  suspen- 

s i o n ) .  The d e p o s i t i o n  of t h e  m e t a l s  from Tom and Rust Creeks and o t h e r  

t r i b u t a r i e s  below SM-1 i s  t h e  most r e a s o n a b l e  c a u s e  o f  t h e  i n c r e a s e d  

meta l  l e v e l s  i n  t h e  sediment.  



TABLE 3-10 

Netal Concentrations of the Sediment from the South Elacmillan and Hess River Tributary,  October 1981 
- - --- - - - - - --- A- 

Sta t ion  Element (ppb) 

SII-4 43,979  6 47 1031 2 3 79 2910 501 5 1 98 301 5 1 - < 3  0.01 5-3 

HR- 1 40,376  12 27 1038 47 94 1929 863 33 134 850 36 - < 3  0.01 -<-3 

Average of three r e p l i c a t e  analyses  



.5 Summary 

Chemical a n a l y s e s  of t h e  s u b s t r a t e  m a t e r i a l  on t h e  bottom of 

t h e  South Macmillan River showed i n c r e a s e s  i n  t h e  meta l  c o n t e n t  between 

SM-1 and SM-2. S t a t i o n  SM-2 i s  below t h e  e n t r a n c e  of Rust and Tom 

Creeks which a r e  known t o  c o n t a i n  h i g h  l e v e l s  o f  m e t a l s .  Normal chemi- 

c a l  r e a c t i o n s  between t h e  t r i b u t a r y  and t h e  r i v e r  water  may r e s u l t  i n  

t h e  d e p o s i t i o n  o f  t h e  m e t a l s  on t h e  bottom of  t h e  South Macmillan 

River .  



3.3 BIOLOGICAL FEATURES OF SAMPLING SITES 

331 PERIPHYTON 

.1 In t roduc t ion  

Attached a lgae  or  per iphyton has  been used i n  t he  pas t  f o r  

both base l ine  a q u a t i c  s t u d i e s  and environmental monitoring programs a s  

i n d i c e s  of s p a t i a l  o r  temporal change i n  b i o l o g i c a l  communities. The 

a t t ached  a lgae ,  o r  a l g a l  community, a t  a p a r t i c u l a r  l o c a t i o n  responds 

t o  t he  i n t e r a c t i o n  of a l l  t h e  many environmental v a r i a b l e s  ( e  .g . , 
l i g h t ,  temperature ,  sediment,  and water chemistry) t o  which i t  i s  

exposed. Information about the  environment i n  which t h e  a t t ached  a l g a l  

community e x i s t s  i s  ind i ca t ed  by the  r e l a t i v e  abundance o r  dens i ty  of 

t h e  a t t ached  a l g a e ,  t he  number of  d i f f e r e n t  kinds of organisms i n  t h e  

a l g a l  community ( d i v e r s i t y )  and by the  known phys io logica l  responses  of 

a lgae  i n  gene ra l  t o  v a r i a t i o n s  i n  t h e i r  environment. 

.2 Resu l t s  

The s p e c i e s  of a t t ached  a lgae  c o l l e c t e d  i n  t h r e e  r e p l i c a t e  

samples from four s t a t i o n s  on t h e  South Macmillan River and one s t a t i o n  

on the  Hess River t r i b u t a r y  a r e  presented i n  Tables 3-1 1 and 3-12. In 

a d d i t i o n ,  a s i n g l e  sample of a t t ached  a lgae  was c o l l e c t e d  from Tom 

Creek by the  Canol Road. 

It i s  c l e a r  from Table 3-11 t h a t  t h e  blue-green a lgae  (Cyano- 

phyta) form the  numerical ly  dominant group a t  a l l  South Macmillan River 

s t a t i o n s  and a t  t h e  Tom Creek s t a t i o n .  In t he  Hess River t r i b u t a r y  

samples, the  t o t a l  number of i n d i v i d u a l s  of t h e  Cyanophyta was approxi- 

mately equa l  t o  t h e  number of golden-brown a lgae  (Chrysophyta). The 

diatoms (Bac i l l a r iophy ta )  , which u s u a l l y  c o n s t i t u t e  t he  major a l g a l  



TABLE 3-1 1 

Species Composition, Total Iknsity (as  cells/cm2), Total Biomass (as  mg/m2) and Number of Species per Sample of the Periphyton Samples 
from Selected Stations in  the Macmillan Pass Area, h g u s t ,  1981. 

-- -- 
Station Si- 1 SM-2 34-3 SM-4 HR-1 'IT 1 

Division 
Species Replicate 1 2 3 I 2 3 1 2 3 1 2  3 1 2 3 

Chlorophyta . . 

Chlamydorsonas spp. - - - - 3,000 - - - - - - - - - - - 
Ulothrix strbtillissima 23.800 

Cyanophyta 
Lyngbya aerugineo-coerulea - - 62,600 - - - 41,700 244,300 - - - - - - 86,400 - 
Oscillatoria aghardhi - - - - - - 49,200 146,000 - - - 509,400 201,000 378,300 - 
Phormidiun 23,800 - 482,600 - 47,600 35,700 634,700 2,716.900 7,387,900 - 53,600 190.700 74,500 38,700 107,200 - 
Gleocapsa aeruginosa - - - - - - - - - - - - - - - 1,131,900 

Bacillariophyta 
Achnanthes minutissima - - - - - - - - 
Cymbella minuta - - - 700 - - - - 
Diatom hiemale var. mesodon - - - - - - -- - 14,900 
Eunot i a  elegans - 3,000 3,000 - - - - - 

Synedra radians 

Total cells/& 47,600 3,000 551,200 700 50,600 47,600 729,300 3,125,100 7,402,800 - 56,600 196,700 1,864,900 254,600 712,000 1,134,900 
Total biomass mg/m2 0.003 0.009 0.009 0.0002 0.001 0.003 0.003 0.054 0.077 - 0.002 0.003 0.261 0.003 0.029 0.034 
No. of species 2 1 4 1 2 2 2 5 3 - 2 3 5 4 5 2 

Average cells/cm2 
for  3 replicates 200,600 cells/an2 33,000 cell/cm2 3,752,400 cells/an2 126,700 cells/cm2 943,800 cells/cm2 

SM = South MacMillan River, HR = Hess River Tributary, n: = Tao Creek 



TABLE 312 

Percent  Composition of the b j o r  Groups Based Upon Total Density and Total  Biomass 
of the  Periphyton Samples from Selected S ta t ions  i n  tk Maanillan Pass Area, August 1981 

S t a t i o n  91-1 31-2 SM-3 9i-4 la-1 TCI 
Division - 
Species Replicates 1 2 3 I 2 3 1 2 3 1 2  3 1 2 3 1 

Chlorophyta 

Cyanophyta 
W -- 
I 
w Chrysophyta 
Cn 

Bacil lar iophyta 

Chlorophyta 90.9 - - 

Cyanophyta 9.0 - 89.9 

Chrysophyta - - 1.1 

Bacil lar iophyta - 100.0 9.1 

(Total  Density) 

- - 

- 99.4 

- 0.1 

- 0.5 

(Tota l  Biomass) 

- - 

72.8 89.4 

10.2 0.2 

17.0 10.4 

SM = South EhcUillan River Tributary,  HR = Hess River Tributary,  lC = Tom Creek 



d i v i s i o n  i n  terms of d e n s i t y  i n  small  s t reams,  p lay  a  minor r o l e  i n  the 

r i v e r  and s t reams of t he  p r o j e c t  s i t e .  While low i n  d e n s i t y ,  t h e  

diatoms a r e  t he  most d i v e r s e  (seven spec i e s )  of t h e  four  a l g a l  

d i v i s i o n s  presen t  i n  t h e  r i v e r .  

The Hess River t r i b u t a r y  was t h e  only l o c a t i o n  sampled where 

approximately equa l  d e n s i t i e s  of Cyanophyta and Chrysophyta were 

presen t .  Of t h e  two s p e c i e s  of Chrysophyta a t  t h i s  s i t e ,  Hydrurus 

f o e t i d u s  was by f a r  the  most dominant. This a t t ached ,  f i lamentous a l g a  

i s  c h a r a c t e r i s t i c  of f a s t  f lowing, w e l l  a e r a t e d ,  co ld  water s t reams 

(Rut tner  1963). The remaining members of t he  Chrysophyta found i n  the 

p r o j e c t  a r e a  a r e  free-swimming f l a g e l l a t e d  forms which r e s i d e  among t h e  

f i l amen t s  of a t t ached  a lgae  o r  i n  t he  bottom boundary l a y e r  where 

l i t t l e  o r  no c u r r e n t  e x i s t s .  

The l a r g e  amount of  Gleocapsa aeruginosa (1,131,900 c e l l s /  

cm2) found i n  Tom Creek i s  unusual given the  extremely a c i d i c  environ- 

ment. However, the  c e l l s  of t h i s  a l g a  e x i s t  within a  heavy, g e l a t i n o u s  

mat r ix  so t h a t  t h e  environment experienced by the  a l g a l  c e l l  i t s e l f  i s  

not  t h a t  of t he  surrounding water. The extreme environmental condi- 

t i o n s  of a c i d i t y  and metal concent ra t ions  prevent  t he  development of a  

d i v e r s e  per iphyton community. 

.3 Comparison With Other Data 

The low d e n s i t y  of diatoms i n  t he  c u r r e n t  s tudy  i s  i n  marked 

c o n t r a s t  t o  the  l a r g e  number of diatoms found i n  the  Rackla River ,  a  

t r i b u t a r y  of t he  Stewart River i n  t h e  c e n t r a l  Yukon (Monenco Consul- 

t a n t s  P a c i f i c  Limited 1980) a t  sampling s i t e  number 7 ( s ee  Table 3-8, 

Sec t ion  321, f o r  s e l e c t e d  water q u a l i t y  parameters of t h i s  s i t e ) .  

While t he  South Macmillan and Rackla Rivers  gene ra l l y  had high i r o n  

concen t r a t i ons ,  t he  former contained a  h igher  l e v e l  ( a s  an average) of 

z inc  than d id  the  Rackla. It i s  probable t h a t  o the r  f a c t o r s  a l s o  e n t e r  

i n t o  t h e  d i s s i m i l a r i t i e s  found between the  two r i v e r s .  No spec i e s  were 



found which were common t o  the  two s tud i e s .  This  i s  not  unusual given 

the  d i f f e r e n c e s  i n  r i v e r  ba s in s  and o t h e r  environmental f a c t o r s .  

.4 Rela t ion  t o  Other Parameters  

The dominance of t he  blue-green a lgae  i n  t he  South Macmillan 

River is  very poss ib ly  due t o  t he  r e l a t i v e l y  h igh  l e v e l s  of i r o n  i n  the  

water. Morton and Lee (1974) have demonstrated t h a t  a  s h i f t  i n  t h e  

dominant type of a lgae  presen t  ( i . e . ,  from green a lgae  (Chlorophyta) t o  

t h e  blue-green a lgae )  could be accomplished by increased  i r o n  concen- 

t r a t i o n s  i n  the  range of 0.1-1.0 mg/L. Phosphorus, u s u a l l y  thought t o  

be t h e  major i n f luence  on populat ion changes of t h i s  type ,  had no 

e f f e c t  on t h e  r e l a t i v e  abundance of t h e  d i f f e r e n t  types  of a lgae  

presen t .  The i r o n  concen t r a t i ons  presen t  i n  t he  South Macmillan River 

a r e  wi th in  the range repor ted  t o  cause a  s h i f t  i n  community dominance. 

In a d d i t i o n ,  Murphy -- e t  a l .  (1976) demonstrated t h a t  t h e  suppress ion  of 

o t h e r  a lgae  by blue-green a lgae  appeared t o  be mediated by the produc- 

t i o n  and exc re t i on  of an i ron - se l ec t i ve  c h e l a t o r .  In t h i s  l a t t e r  work, 

t he  importance of i r o n  was no t  i t s  a c t u a l  concen t r a t i on ,  but i t s  ava i l -  

a b i l i t y  t o  a l g a l  spec i e s .  The product ion and exc re t i on  of an i ron-  

s e l e c t i v e  c h e l a t o r  by the  blue-green a lgae  made i r o n  more a v a i l a b l e  t o  

t he se  organisms and permit ted them more favourable  growing cond i t i ons  

than the o the r  a lgae  presen t .  

Table 3-11 shows a  l a r g e  drop i n  t he  average t o t a l  d e n s i t y  of 

c e l l s  between s t a t i o n s  SM-1 and SM-2 and t h i s  mi r ro r s  t h e  drop i n  mac- 

r o i n v e r t e b r a t e  benthos found between the  same s t a t i o n s .  However, a t  

t h e  next  s t a t i o n  downstream (SM-3), t he  average t o t a l  d e n s i t y  had in- 

creased to  almost four m i l l i o n  ce l l s /cm2 ( an  i nc rease  of over 110 t imes 

t h e  va lue  a t  SM-2). This increased  d e n s i t y  i s  due almost e n t i r e l y  t o  

t h e  growth of t he  f i lamentous blue-green a lgae .  This p a t t e r n  of abrupt  

r educ t ion  (SM-2) followed by increased  growth (SM-3) is  what would be 

expected i f  t he  South Macmillan River *re r ece iv ing  some s o r t  of t ox i c  



o r  i n h i b i t o r y  impact,  which, with f u r t h e r  d i l u t i o n  and d i s t a n c e  down- 

s t ream, would be e l imina ted  s o  t h a t  cond i t i ons  might even s t i m u l a t e  

growth. The r educ t ion  i n  c e l l  d e n s i t y  a t  SM-4 t o  a l e v e l  approaching 

t h a t  seen a t  SM-1 is  a l s o  p a r t  of t h e  expected p a t t e r n  i n  t h a t  t he  con- 

d i t i o n s  causing s t imu la to ry  growth have been d i l u t e d  t o  a l e v e l  s i m i l a r  

t o  t h a t  a t  SM-1. 

.5 Summary 

Because of t h e  l a r g e  numbers of micro-habi ta ts  p resen t  i n  any 

s t ream which a r e  a v a i l a b l e  f o r  a l g a l  co lon iza t ion ,  more i n t e n s i v e  

sampling would have probably y ie lded  more spec ies .  Given t h e  low 

d i v e r s i t y  of t he  samples, however, s u b s t a n t i a l  i nc reases  i n  t he  numbers 

of spec i e s  would not  be expected. Even i f  more spec i e s  were found, t h e  

p a t t e r n  observed i n  t he  South Macmillan River with t he  presen t  samples 

would not  be a l t e r e d .  A s  with o t h e r  types  of b i o l o g i c a l  communities, 

i t  i s  t h e  p a t t e r n s  of growth and the  changes i n  s p e c i e s  d i v e r s i t y  

d e n s i t y  of t h e  i n d i v i d u a l s  wi th in  t h e  community which r e f l e c t  changes 

i n  the  a q u a t i c  environment and these  a r e  the  p a t t e r n s  which can be 

observed among t h e  sampling s t a t i o n s  along the  South Macmillan River.  

332 BENTHIC INVERTEBRATES 

.1 In t roduc t ion  

Benthic macro inver tebra tes  have a long h i s t o r y  of use a s  

b i o l o g i c a l  i n d i c a t o r s  of environmental condi t ions .  Their l a r g e r  s i z e  

(compared to  a lgae )  has  lead  t o  a g r e a t e r  understanding of t h e i r  taxon- 

omy and ecology a s  wel l  a s  t h e i r  i nd iv idua l  and community responses  t o  

environmental changes. Like per iphyton,  t h e i r  e x i s t e n c e  on the  stream 

bottom al lows them t o  i n t e r a c t  with t he  flowing water and t h e  many 

v a r i a b l e s  i n  i t s  phys ica l  and chemical p r o p e r t i e s .  The ben th i c  macro- 



i n v e r t e b r a t e s  a r e  a l s o  s u b j e c t  t o  v a r i a t i o n s  i n  food supply and o ther  

v a r i a b l e s  a s soc i a t ed  with t he  bottom of t he  s t ream ( i . e . ,  v a r i a t i o n s  i n  

stream bed composition, s l ope  of t he  stream bed, e t c . ) .  The informa- 

t ion der ived from samples of t h e  benth ic  i n v e r t e b r a t e s ,  t h e i r  r e l a t i v e  

abundance, t h e i r  d i v e r s i t y  and t h e i r  known r e s i s t a n c e  o r  s u s c e p t i b i l i t y  

t o  environmental change can be used t o  a s s e s s  t h e  environmental charac- 

t e r  of t he  stream i n  which they occur.  

.2 Resul t s  

The r e s u l t s  of ben th ic  macro inver tebra te  sampling with the  

Surber and a r t i f i c i a l  s u b s t r a t e  samplers a r e  summarized i n  Tables 3-13 

and 3-14. The raw d a t a  i s  presented i n  Appendix C. While d e n s i t i e s  

a r e  gene ra l l y  low a t  a l l  s i tes,  t h e r e  i s  a dramatic  reduc t ion  i n  den- 

s i t y  observed below t h e  en t r ance  of Rust Creek. This reduc t ion  i s  a l s o  

observed a t  t h e  more downstream sampling s t a t i o n s  and i s  presen t  i n  

both the  Surber and a r t i f i c i a l  s u b s t r a t e  sampler da t a .  

Surber  Samples Within t h e  Surber samples, t he  g r e a t e s t  reduc t ion  i n  

both d e n s i t y  and d i v e r s i t y  occurs  i n  t h e  o rde r  P lecoptera  ( s t o n e f l i e s )  

which decreased from 154 a t  s t a t i o n  SM-1 t o  15  pe r  square metre a t  

SM-2. S imi l a r ly ,  t h e r e  i s  a dramatic  reduc t ion  i n  t h e  d e n s i t y  of midge 

l a r v a e  (Chironomidae) from 96 t o  7 per  square metre between sample 

s t a t i o n s  SM-1 and SM-2. The extremely low d e n s i t i e s  cont inue  down t h e  

South Macmillan River u n t i l  a t  t h e  most downstream sampling s t a t i o n  

(SM-4) on ly  one midge l a r v a  and one c a d d i s f l y  l a r v a  (Tr ichoptera)  were 

found i n  t h r e e  Surber samples ( t o t a l l i n g  e i g h t  organisms per square 

metre) .  By c o n t r a s t ,  t he  Surber samples from t h e  Hess River t r i b u t a r y  

r evea l  a low d e n s i t y ,  y e t  reasonably d i v e r s e  assemblage of benth ic  

i n v e r t e b r a t e s .  Like t he  uppermost s t a t i o n  on the  South Macmillan, t h e  

populat ion i n  t h e  Hess River i s  dominated by s t o n e f l i e s  (168/m2) and 

midge l a r v a e  (139/m2). The t roph ic  r e l a t i o n s h i p s  of  t h e  organisms 

c o l l e c t e d  by Surber sampler a r e  given i n  Table 3-15. 



TABLE 3-1 3  

Organisms i n  Surber  Samples 
C o l l e c t e d  from Four S t a t i o n s  on t h e  South MacNillan River  (SM) 

and One S t a t i o n  on t h e  Hess River  T r i b u t a r y  (HR) 

Taxa S t a t  i o n s  SM- 1 SM- 2 SM-3 SM-4 HR-1 

Anne1 i d a  

01 igochae t a  7 4  

Arthropoda 

I n s e c  t a  
P l e c o p t e r a  

P e r l o d i d a e  
Megarcys 

C h l o r o p e r l i d a e  
Nemour i d a e  

Zapada 
T a e n i o p t e r i g i d a e  

Doddsia 

T r i c h o p t e r a  
Rhyacophil  i d a e  

Rhyacophila 
Limnephil  i d a e  

Eccl isomyia  

D i p t e r a  
Chironomidae 
Ti  pul  i d a e  
Empididae 

T o t a l  Dens i ty  275 2 2 15 8 334 

2  U n i t s  = No/m , 3  samples  pe r  s i t e  



TABLE 3-1 4 

Organisms C o l l e c t e d  i n  A r t i f i c i a l  S u b s t r a t e  Samplers a t  Four S t a t i o n s  on the  
South Macmillan River and One S t a t i o n  on t h e  Hess River  T r i b u t a r y  

Taxa S t a t  i o n s  SM- 1 SM-2 SM-3 SM-4 HR-1 

Anne1 i d a  

01 igochae  t a  

Art hropoda 

I n s e c t a  
P l e c o p t e r a  

Per lod  i d a e  
Megarcys 

C h l o r o p e r l i d a e  
Nemour i d a e  

Zapada 

T r i c h o p t e r a  
Limnephil i d a e  

Eccl isomyia  

D i p t e r a  
Chironomidae 
T i p u l i d a e  
Empididae 
Lep idop te ra  

Collembola 
I s o  tomidae 

T o t a l  Dens i ty  1 ,113  650 0 185 2,409 

U n i t s  = PJo/m2 



A r t i f i c i a l  S u b s t r a t e  Samples In  c o n t r a s t  t o  t h e  Surber  samples,  t h e  

a r t i f i c i a l  s u b s t r a t e  samples (which i n c l u d e  organisms i n h a b i t i n g  a r e a s  

below t h e  streambed s u r f a c e )  show a  more dense  but  l e s s  d i v e r s e  macro- 

i n v e r t e b r a t e  popula t ion .  The o r d e r  D i p t e r a ,  e s p e c i a l l y  t h e  midge 

l a r v a e ,  dominate a t  a l l  sampling s i t e s .  Because t h e s e  samples must be 

l e f t  i n  t h e  streambed f o r  a per iod  o f  t ime ,  t h e y  a r e  s u b j e c t  t o  

exposure  due t o  r e d u c t i o n s  i n  s t ream flow. Due t o  t h e  exposure  and /or  

l o s s  of some a r t i f i c i a l  s u b s t r a t e  sample rs ,  t h e  d a t a  from s t a t i o n s  

SM-1, 31-2 and SM-3 a r e  based on o n l y  two samplers  per site. A l l  a r t i -  

f i c i a l  s u b s t r a t e  samplers  a t  s t a t i o n  SM-4 were r e l o c a t e d  i n  August 

because of reduced r i v e r  l e v e l .  While t h e  r e l o c a t i o n  of t h e s e  samplers  

d i d  n o t  pe rmi t  t ime p e r i o d s  of sampling e q u a l  t o  t h o s e  n o t  r e l o c a t e d ,  

t h e y  were n e v e r t h e l e s s  co lon ized .  The samplers  a t  s t a t i o n  SM-3 were 

n o t  d i s t u r b e d  and y e t  produced no b e n t h i c  organisms i n  October when a11  

samplers  were r e t r i e v e d .  The t r o p h i c  r e l a t i o n s h i p s  of t h e  organisms 

c o l l e c t e d  by a r t i f i c i a l  s u b s t r a t e  sampler a r e  g iven  i n  Table 3-16. 

. 3  C o m ~ a r i s o n  With Other  Data 

In  August 1978, t h e  Environmental  P r o t e c t i o n  S e r v i c e  (EPS) 

c o l l e c t e d  b e n t h i c  m a c r o i n v e r t e b r a t e  samples from t h e  South Macmillan 

River i n  t h e  a r e a  o f  t h e  c u r r e n t  p r o j e c t  ( A r t  Pearson and A s s o c i a t e s  

1981). The most upstream s i t e  sampled by EPS (EPS3) corresponded wi th  

c o l l e c t i o n  s t a t i o n  SM-1 of  t h e  c u r r e n t  s tudy.  Although i t  i s  n o t  

s t a t e d  which t y p e  of sampling equipment was used ,  t h i s  s t u d y  d i d  f i n d  

one mayfly (Ephemeroptera) and f i v e  s t o n e  f l i e s .  With t h e  e x c e p t i o n  o f  

t h e  midge fami ly ,  t h e r e  was o n l y  l i m i t e d  taxonomic resemblance t o  t h e  

c o l l e c t i o n s  made by Monenco. S i m i l a r i t i e s  between t h e  two d a t a  s e t s  

occur  o n l y  i n  t h e  low d e n s i t i e s  of i n d i v i d u a l  organisms observed above 

Rust Creek and i n  t h e  o v e r a l l  r e d u c t i o n  of b e n t h i c  fauna  below t h e  

e n t r a n c e  of Rust Creek (SM-2 and EPS sampling s i t e s  5, 6  and 9 ) .  



TABLE 3-1 5 

Troph ic  R e l a t i o n s h i p s  of Organisms 
C o l l e c t e d  by Surber  Samplers* 

Taxon Trophic  R e l a t i o n s h i p  

Annelida 
Ol igochae ta  

Arthropoda 
I n s e c t a  

P l e c o p t e r a  
P e r l o d i d a e  

Megarcys 

C h l o r o p e r l i d a e  

Nemour idae 
Zapada 

T a e n i o p t e r i g i d a e  
Doddsia 

T r i c h o p t e r a  
Rhyacophi l idae  

Rhyacophila 

Limnephil  i d a e  
Eccl isomyia  

D i p t e r a  
Chironomidae 

T i p u l  i d a e  
Empididae 

burrower 

p r e d a t o r  

g e n e r a l l y  p r e d a t o r s  

s h r e d d e r  

s c r a p e r  

p r e d a t o r  

c o l l e c t o r - g a t h e r e r  

c o l l e c t o r - g a t h e r e r s  o r  
p r e d a t o r s  
g e n e r a l l y  s h r e d d e r s  
g e n e r a l l y  p r e d a t o r s  

* from M e r r i t  and Cummins 1978 
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TARLE 3- 16 

Trophic Re la t i onsh ips  of Organisms 
Collected i n  A r t i f i c i a l  S u b s t r a t e  Samplers* 

Taxon Trophic Rela t ionsh ip  

Anne1 i d a  
Oligochaeta  

Arthropoda 
In sec t a  

P lecoptera  
Per lod idae  

Chloroper l idae  

Nemour i dae  
Zapada 

Tr ichoptera  
Limnephil i d a e  

Ecclisomyia 

Dip te ra  
Chironomidae 

T ipu l idae  
Empididae 

Lepidoptera 

Collembola 
Isotomidae 

burrower 

gene ra l l y  p reda to r s ,  some 
sc rape r s  
gene ra l l y  p reda to r s ,  some 
sc rape r s  

shredder  

co l l ec to r -ga the re r ,  some 
s c r a p e r s  

co l l ec to r -ga the re r s  or  
p r eda to r s  
g e n e r a l l y  shredders  
gene ra l l y  p reda to r s  

gene ra l l y  shredders  

co l l ec to r s -ga the re r s  
(scavengers)  

* from Merrit and Cummins 1978 
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The EPS s t u d y  a l s o  sampled s i t e s  above and below t h e  e n t r a n c e  

of Sekie Creek (EPS11 and 12) .  Although t h e  m a c r o i n v e r t e b r a t e  fauna a t  

t h e s e  l a t t e r  two s t a t i o n s  were s i m i l a r ,  t h e y  d i f f e r e d  from t h e  s i t e s  

f u r t h e r  upstream. The absence of s t o n e f l i e s  and t h e  expanded v a r i e t y  

o f  midge l a r v a e  a t  EPSll and 12 s u g g e s t  d i f f e r e n c e s  i n  s u b s t r a t e .  

There were no EPS sampling s i t e s  e q u i v a l e n t  t o  Monenco's s t a t i o n s  SM-3 

and SM-4. 

.4 R e l a t i o n  t o  Other  Paramete rs  

Although t h e r e  i s  no c l e a r  and c o n s i s t e n t  r e l a t i o n s h i p  be- 

tween water  chemis t ry  and b e n t h i c  m a c r o i n v e r t e b r a t e  d a t a ,  t h e  l a r g e  re -  

d u c t i o n  i n  b e n t h i c  m a c r o i n v e r t e b r a t e  d e n s i t y  between sampling s t a t i o n s  

SM-1 and SM-2 i s  accompanied by an i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  

s e v e r a l  m e t a l s  i n  t h e  sediment ( s e e  S e c t i o n  322).  Th i s  r e d u c t i o n  i n  

m a c r o i n v e r t e b r a t e  d e n s i t y  i s  a l s o  a s s o c i a t e d  wi th  a r e d u c t i o n  i n  t h e  

d e n s i t y  of a t t a c h e d  a l g a e  o r  per iphyton.  Thus, t h e  p o s s i b i l i t y  e x i s t s  

t h a t  a r e d u c t i o n  i n  t h e  amount o f  food a v a i l a b l e  ( a s  pe r iphy ton)  i s  

l i n k e d  t o  the  observed r e d u c t i o n  i n  b e n t h i c  m a c r o i n v e r t e b r a t e s .  Al ter-  

n a t i v e l y ,  t h e  i n c r e a s e  i n  meta l  c o n t e n t  of t h e  sediments  may produce 

c o n d i t i o n s  r e s u l t i n g  i n  decreased  d e n s i t y .  More d e t a i l e d  b e n t h i c  

s t u d i e s  would be needed t o  d i s t i n g u i s h  between t h e s e  p o s s i b i l i t i e s .  

.5 Summary 

A l a r g e  d e c r e a s e  i n  m a c r o i n v e r t e b r a t e  abundance was observed 

i n  t h e  South Macmillan River downstream from SM-1 i n  both  Surber and 

a r t i f i c i a l  s u b s t r a t e  samples. In t h e  former ,  t h e  most d ramat ic  change 

occur red  between SM-1 and SM-2, w h i l e  i n  t h e  l a t t e r  t h e  most d ramat ic  

change was between SM-2 and SM-3. This was p r i m a r i l y  due t o  t h e  d i f -  

f e r e n t  a r e a s  of t h e  streambed sampled ( i . e .  s u r f a c e  a s  opposed t o  sub- 

s u r f a c e ) .  I n  comparison t o  one a n o t h e r ,  t h e  s u r f a c e  (Surber )  samples 

showed g r e a t e r  v a r i e t y  of s p e c i e s  but  lower abundance,  whi le  the  sub- 

s u r f a c e  ( a r t i f i c i a l  s u b s t r a t e )  samples were t h e  o p p o s i t e .  This p a t t e r n  

- 
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was a l s o  p r e s e n t  i n  t h e  Hess River t r i b u t a r y  which o v e r a l l  e x h i b i t e d  a  

g r e a t e r  abundance and number of s p e c i e s  t h a n  d i d  t h e  South Macmillan 

River .  

333 FISH POPULATIONS 

.1 I n t r o d u c t i o n  

F i s h ,  by v i r t u e  of t h e i r  p o s i t i o n  a t  o r  n e a r  t h e  t o p  of t h e  

a q u a t i c  food web and t h e i r  r e c r e a t i o n a l  r e s o u r c e  v a l u e ,  a r e  t h e  most 

f r e q u e n t l y  s t u d i e d  and d i s c u s s e d  component of t h e  a q u a t i c  system. I n  

o r d e r  t o  a s s e s s  t h e  f i s h  p o p u l a t i o n s  i n  t h e  Macmillan Pass  a r e a ,  f i e l d  

i n v e s t i g a t i o n s  were conducted d u r i n g  t h r e e  s i t e  v i s i t s  over t h e  June t o  

October per iod i n  1981 (11-15 June ,  17-20 August ,  06-09 October) .  

Table  3-17 l i s t s  t h e  f i s h  s p e c i e s  found i n  t h e  Yukon River 

system. Many of t h e s e  s p e c i e s  (e.g. ,  inconnu,  Stenodus l e u c i c t h y s ,  

l e a s t  c i s c o ,  Coregonus s a r d i n e l l a ,  Bering c i s c o ,  C. l a u r e t t a e ,  sockeye 

salmon, Oncorhynchus n e r k a ,  coho salmon, - 0 .  k i s u t c h ,  p ink salmon, 

0. gorbuscha)  a r e  o n l y  found i n  t h e  lower r e a c h e s  of t h e  r i v e r  system - 
and may be found o n l y  r a r e l y  i n  t h e  Yukon T e r r i t o r y .  Other s p e c i e s  

(e.g. ,  round w h i t e f i s h ,  Prosopium cyl indraceum,  pygmy w h i t e f i s h ,  

P. c o u l t e r i  , l a k e  t r o u t ,  S a l v e l i n u s  namaycush, Dolly Varden, S  . malma , - -- 
chinook salmon, Oncorhynchus t shawytscha ,  and chum salmon, -- 0. k e t a )  a r e  

found a s  f a r  upstream a s  t h e  headwaters  a t  l e a s t  p a r t  of t h e  year .  

A r c t i c  g r a y l i n g ,  round w h i t e f i s h ,  s l imy s c u l p i n ,  l a k e  t r o u t ,  and long- 

nose  sucker  a r e  known t o  be p r e s e n t  i n  t h e  South Macmillan River  

system. Chinook salmon f r y  and j u v e n i l e  salmon have been cap tured  i n  

t h e  South Macmillan River approx imate ly  40  km below t h e  Jason p r o p e r t y ,  

a s  have spawning a d u l t  longnose s u c k e r s  ( E l s o n  1974, Walker 1976, 

Barker 1979). The a c t u a l  d i s t r i b u t i o n s  of t h e  s p e c i e s  l i s t e d  depends 

on a  number of i n t e r a c t i n g  f a c t o r s  such a s  food a v a i l a b i l i t y ,  season ,  

h a b i t a t  a v a i l a b i l i t y ,  and v a r i a t i o n s  i n  flow. 



TABLE 3-17 

F i s h  Spec ies  of t h e  Yukon River  System* 

S c i e n t i f i c  Name Common Name 

Lampetra japonica  
Stenodus l e u c i c t h y s  
Coregonus n a s u s  
C. c lupeaf  ormis - 
C. s a r d i n e l l a  - 
6 .  l a u r e t t a e  - 
Prosopium cyl indraceum 
P. c o u l t e r i  - 
Thymallus a r c t i c u s  
S a l v e l i n u s  namaycush 
S.  malma -- 
S. a l p i n u s  - 
Oncorhvnchus n e r k a  
0 .  tshawytscha - 
0.  k e t a  -- 
0 .  k i s u t c h  - 
0. gorbuscha - 
Esox l u c i u s  
D a l l i a  p e c t o r a l i s  
Couesius  plumbeus 
Catostomus catos tomus 
P e r c o p s i s  omiscomaycus 
Lota  l o t a  -- 
P u n g i t i u s  p u n g i t i u s  
C o t t u s  cognatus  

A r c t i c  Lamprey 
Inconnu 
Broad Whi te f i sh  
Humpback Whi te f i sh  
Leas t  Cisco 
Bering Cisco 
Round Whi te f i sh  
Pygmy Whi te f i sh  
A r c t i c  Gray l ing  
Lake Trout  
Dolly Varden 
A r c t i c  Char 
Sockeye Salmon 
Chinook Salmon 
Chum Salmon 
Coho Salmon 
Pink Salmon 
Northern P ike  
Blackf i s h  
Lake Chub 
Longnose Sucker 
Trout Perch 
Bur bo t 
Ninespine S t i c k l e b a c k  
Slimy Scu lp in  

* From McPhail and Lindsay 1970 
S c o t t  and Crossman 1973 



.2 Resul t s  

Electroshocking a t  t e n  sampling s i t e s  (Table 3-18) i n  and 

around t h e  p r o j e c t  s i t e  y i e lded  only 27 A r c t i c  g ray l ing  (Thymallus 

a r c t i c u s ) .  The age, weight,  l eng th  and condi t ions  of t hese  f i s h  a r e  

given i n  Table 3-19. A l l  Arc t i c  g ray l ing  were co l l ec t ed  i n  t h e  South 

Macmillan River  a t  s i t e s  SM-3 and SM-5. The o ther  e igh t  s i t e s  e i t h e r  

had no f i s h  present  o r  t h e  f i s h  were a t  such low d e n s i t i e s  t h a t  e lec-  

t roshocking could not  determine t h e i r  presence. No f i s h  were observed 

during t h e  sno rke l  survey undertaken i n  t h e  South Macmillan River up- 

s t ream of t he  a i r s t r i p  i n  August. Tu rb id i ty  prevented a  snorke l  survey 

downstream of t h i s  po in t .  

U n t i l  t h i s  s tudy ,  previous sampling had f a i l e d  t o  produce any 

f i s h  above Bridge #2 on the  Can01 Road (above SM-5) (Davies and Shepard 

1981, Davies pers .  comm.). The presence of Arc t i c  g ray l ing  has now 

been v e r i f i e d  t o  extend a t  l e a s t  t o  s t a t i o n  SM-3 on t h e  South Macmillan 

River ,  wi th in  t h e  boundaries of t h e  Jason property.  Arc t i c  g ray l ing  

and round w h i t e f i s h  a r e  considered t o  be t he  only spec ies  l i k e l y  t o  be 

found i n  t h e  headwaters of t h e  South Macmillan River (Elson 1974). 

Although not  encountered i n  t h i s  s tudy ,  round w h i t e f i s h  have a  

widespread d i s t r i b u t i o n  i n  nor thern  l a t i t u d e  streams and r i v e r s  (Sco t t  

and Crossman 1973, McPhail and Lindsey 1970). Thus, i t  is  poss ib l e  

t h a t  t h e i r  presence could be v e r i f i e d  i n  t he  upper South Macmillan 

River with more i n t e n s i v e  sampling. 

No f i s h  were captured i n  t he  Hess River t r i b u t a r y  and i t s  

t r i b u t a r i e s  d r a i n i n g  the  northwestern e x t e n t  of t h e  Jason property.  No 

s u i t a b l e  f i s h  h a b i t a t  was observed i n  t he  a r eas  sampled, but  h e l i c o p t e r  

reconnaissance along the  e n t i r e  l eng th  of t h i s  s t ream revealed gene ra l  

h a b i t a t  improvement a s  one proceeded downstream t o  the  Hess River ,  a l -  

though no f i s h  were seen. I n  more favourable  h a b i t a t  i n  t h e  Hess River 

t r i b u t a r y ,  A r c t i c  g ray l ing  and Dolly Varden char have been found i n  low 



TABLE 3-18 

Electroshocking Resu l t s  i n  t he  Macmillan Pass Area, 
Jason Proper ty ,  June,  August and October,  1981 

Length Shocking C.P.U.E. 
Stream S t a t i o n  Reach Date Shocked Dur a t ion  F ish  Species  No. of 
Designation No. No. Captured F i sh  f i s h / s  x 100 

S. Macmillan R. 

S. Macmillan R. 

S. Macmillan R. 

S. Macmillan R. 

S. Macmillan R. 
Rust C r .  

Sekie  C r .  #1 

Hess R. T r ibu ta ry  

Nidd C r .  

SM- 6 

SM-4 

SM-3 

SM- 1 

SM-2 

SM-5 
SC2- 1 

SC1-1 

HR- 1 

HR- 2 
HR-5 
NC- 1 

C.P.U.E. = Catch Per  Unit E f f o r t  
Only one s i d e  of r i v e r  shocked due t o  h igh  water l e v e l s  
G r  = A r c t i c  g ray l ing  
Equipment malfunct ions r e s u l t e d  i n  on ly  50 m being shocked 



TABLE 3-1 9 

Age, Weight, Fork and T o t a l  Lengths and C o e f f i c i e n t s  of Condi t ion 
(K(FL) and K(TL)) of A r c t i c  Gray l ing  (Thymallus a r c t i c u s )  
C o l l e c t e d  by E l e c t r o f i s h i n g ,  South Macmillan R i v e r ,  Yukon 

T e r r i t o r y ,  June,  August and October 1981. 

SpecimenNo. Age sex1 Weight Fork T o t a l  K( FL) (K(TL) 
Length ~ e n ~ t h ~  

13 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
23 
2 4 
2 5 
2 6 
n4 

MEAN 
S. D. 
RANGE 

grams 

48 
9 5 
95 
50 
45 
65 
5 0 
3 0 
2 0 
3 5 
2 5 
40 
45 
20 
6 0 
30 
5 0 
15 
15 ' 

20 
20 
6 5 
15 
15 
15 
15 
17 
- 
37.6 
23.4 
15-95 

A l l  f i s h  were immature, s e x  could  n o t  be determined i n  most c a s e s  
T o t a l  l e n g t h  c a l c u l a t e d  from f o r k  l e n g t h  by method of Car lander  (1969) 
S i n g l e  specimen cap tured  i n  June 1981 
S i n g l e  specimen c a p t u r e d  i n  October 1981 



numbers (Davies  pe rs .  comm.) . Chinook salmon a r e  known t o  spawn a t  t h e  

o u t l e t  of Niddery Lake, which i s  a s h o r t  d i s t a n c e  from t h e  conf luence  

of t h i s  t r i b u t a r y  and t h e  Hess River ( E l s o n  1974). 

The s p a t i a l  d i s t r i b u t i o n  o r  z o n a t i o n  of f i s h  s p e c i e s  i n  

s t reams  from t h e  headwaters  t o  t h e  s e a  has  been recognized  s i n c e  t h e  

e a r l y  1900 ' s  (Hynes 1972). The g r e a t e r  downstream d i v e r s i t y  of f i s h  

has  been a t t r i b u t e d  t o  t h e  g r e a t e r  abundance o f  d e t r i t u s  and phyto- 

p lank ton ,  producing a g r e a t e r  number of t r o p h i c  l e v e l s  a s  t h e  t r i b u t a r -  

i e s  of a g iven  s t ream grow i n  number and volume of f l o w  (Lowe-McConnell 

1975). It h a s  a l s o  been suggested t h a t  h a b i t a t  d i v e r s i t y  i n c r e a s e s  

downstream (Tramer and Roger 1973). 

In  a s t u d y  o f  15 r i v e r  sys tems and t h e i r  a s s o c i a t e d  f i s h  

f a u n a ,  Horwitz (1978)  found t h a t  t h e  number of f i s h  s p e c i e s  p r e s e n t  

was c o r r e l a t e d  wi th  t h e  p a t t e r n s  of f low v a r i a b i l i t y :  t h e  more c o n s t a n t  

t h e  headwater f low,  t h e  g r e a t e r  t h e  number of s p e c i e s .  Conversely ,  

wi th  more v a r i a b l e  f low,  t h e  d i v e r s i t y  should become c o r r e s p o n d i n g l y  

lower .  The monthly mean d i s c h a r g e  ( f o r  1975 t o  1979) f o r  t h e  South 

Macmillan River a t  Ki lometre  401 Can01 Road (approx imate ly  45  km. s o u t h  

o f  t h e  Jason  P r o p e r t y )  v a r i e d  by a f a c t o r  of 55 (Environment Canada 

1980). This s t reamflow v a r i a b i l i t y ,  i n  combination w i t h  low produc- 

t i o n  of f i s h  food organisms ( S e c t i o n  322) ,  probably  h a s  adverse  e f f e c t s  

on h a b i t a t  u t i l i z a t i o n  by t h e  f i s h  popula t ions .  

.21 F i s h  P o p u l a t i o n  C h a r a c t e r i s t i c s  - A r c t i c  Grayling-Thymallus 

a r c  t i c u s  

General  D i s t r i b u t i o n  A r c t i c  g r a y l i n g  a r e  found a c r o s s  nor thwes te rn  

Canada and a r e  an impor tan t  game f i s h  i n  t h e  Yukon T e r r i t o r y  ( S c o t t  and 

Crossman 1973, McPhail and Lindsey 1970).  General  h a b i t a t  p r e f e r e n c e s  

i n c l u d e  c l e a r  r i v e r s ,  l a k e s  and s t reams .  A s  d i s c u s s e d  p r e v i o u s l y ,  t h e y  

a r e  p r e s e n t  i n  t h e  Yukon River  system and occur i n  t h e  South Macmillan 

River a s  f a r  upstream a s  t h e  Jason  p roper ty .  



S i z e  D i s t r i b u t i o n  A r c t i c  g r a y l i n g  c o l l e c t e d  i n  t h i s  s t u d y  from t h e  

South Macmillan River ranged i n  s i z e  from 114 t o  209 mm, w i t h  a  mean 

s i z e  of 150 mm. The most common l e n g t h  f requency d i s t r i b u t i o n  (51.9%) 

was f o r  f i s h  l e s s  t h a n  150 mm i n  l e n g t h  w i t h  92.6 p e r c e n t  being l e s s  

t h a n  200 mm i n  l e n g t h .  Length f requency d i s t r i b u t i o n  i s  g iven  i n  Table  

3-20. 

Age and Growth The s c a l e  method has  been t r a d i t i o n a l l y  used f o r  a g i n g  

A r c t i c  g r a y l i n g ,  bu t  r e c e n t  ev idence  s u g g e s t s  t h a t  scale r e a d i n g s  may 

underes t imate  t h e  ages  o f  g r a y l i n g  due t o  miss ing  f i r s t  a n n u l i  and 

d i f f i c u l t y  i n  annu lus  i d e n t i f i c a t i o n  i n  o l d e r  f i s h  ( S h a l l o c k  1965, 

McCart -- e t  a l .  1972, de Bruyn and McCart 1974). However, where bo th  

s c a l e s  and o t o l i t h ~  a r e  used f o r  a g i n g ,  s i m i l a r  a g e s  a r e  ob ta ined  u n t i l  

t h e  f i s h  approaches  age seven o r  e i g h t  ( C r a i g  and P o u l i n  1975, de Bruyn 

and McCart 1974). S c a l e s  were cons idered  t o  g i v e  an a p p r o p r i a t e  e s t i -  

mate o f  age i n  t h i s  s tudy.  A r c t i c  g r a y l i n g  from t h e  South Macmillan 

PLver ranged i n  age from one t o  t h r e e  y e a r s ,  w i t h  one year  o l d  g r a y l i n g  

being t h e  most abundant age c l a s s  encountered (Table  3-21). 

The age- length  r e l a t i o n s h i p s  f o r  g r a y l i n g  from t h e  South 

Macmillan River  compared w i t h  o t h e r  popula t ions  throughout  t h e  s p e c i e s  

range i s  presen ted  i n  Table 3-22 and F igure  3-1. The g r a y l i n g  encoun- 

t e r e d  i n  t h i s  s t u d y  e x h i b i t  a  r a t e  of growth t h a t  i s  comparable wi th  

slower growing A r c t i c  p o p u l a t i o n s  bu t  i s  w i t h i n  t h e  range of growth ob- 

se rved  f o r  t h e  s p e c i e s .  Tr ipp  and McCart (1974)  d e s c r i b e  t h e  Donnelly 

River g r a y l i n g  popula t ion  a s  one o f  t h e  f a s t e s t  growing p o p u l a t i o n s  

t h a t  have been s t u d i e d  n o r t h  of t h e  6 0 t h  p a r a l l e l  i n  Canada and Hodgson 

Creek p o p u l a t i o n s  a s  t h e  s lowes t  growing. The South Macmillan River 

p o p u l a t i o n  f a l l s  between t h e s e  two extremes.  

Genera l ly ,  g r a y l i n g  grow more r a p i d l y  i n  t h e  sou thern  p o r t i o n  

of t h e i r  r ange ,  whi le  n o r t h e r n  f i s h  grow more s lowly ,  l i v e  l o n g e r  and 

have a  maximum s i z e  s m a l l e r  than  those  i n  t h e  s o u t h  ( C r a i g  and Poul in  



Fork Length Frequency 

TABLE 3-20 

D i s t r i b u t i o n  of Arc t i c  

t h e  South Macmillan River,  June, August and 

Grayling 

October , 
from 

1981 

Length Cohorts (mm) 

100 - 149 150 - 199 200 - 249 

Tota l  No. of Fish 14 11 2 

(N = 2 7 )  

TABLE 3-2 1 

Age Frequency D i s t r i b u t i o n  of Arc t i c  Grayling 

from the  South Macmillan River,  June, August 

and October,  1981 

Age 

1 + 2+ 3+ 

Tota l  No. of Fish 

( N  = 2 7 )  



TABLE 3-22 

Observed Age-Length R e l a t i o n s h i p s  of A r c t i c  Grayl ing 
from t h e  South Macmillan R i v e r ,  1981, Compared w i t h  

Other P o p u l a t i o n s  

Locat i o n  Fork Length (mm) 
( L a t i t u d e I L o n g i t u d e )  Age n Mean S.D. Range Reference 

S. Macmillan R., Yukon 1 
(63" 10'N 130" 15'W) 2 

3 

Hodgson C r . ,  N.W.T. 1 
(63" 20'N 123' 24'W) 2 

3 

Donnelly,  R., N.W. T. 1 
(65" 05'W 128" OO'W) 2 

3 

Weir C r  . /Kavik R., 1 
Alaska 2 
(70"  10'N 147" OO'W) 3 

C o l l i n s  C r . ,  Sask. 1 
(58"  05'N 103" OO'W) 2 

3 

Red Rock C r .  & L., I b n t .  1 
(45" O O ' N  113" OO'W) 2 

3 

114-152 This s t u d y  
160-1 76 
180-209 

90-122 Tr ipp  & McCart 
91-148 1974 

116-167 

60-197 Tr ipp  & McCart 
106-290 1974 
222-330 

84-125 Craig  & P o u l i n  
91-182 1974 

133-238 

144-1 60 Saskmont 
2 16-2 75 Engineer ing 
309-349 Company Limited 

1980 

- Nelson 1954 
- 
- 
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1974). The slow growth r a t e  observed f o r  g r ay l ing  i n  t h i s  s tudy  i s  

c o n s i s t e n t  with t h e  gene ra l  o v e r a l l  low p roduc t iv i t y  of a q u a t i c  systems 

found i n  the  s tudy a r ea .  

Weight-Length Re la t i onsh ip  The r e l a t i o n s h i p  between the  w i g h t  and 

l e n g t h  of f i s h  can be descr ibed  i n  a  l oga r i t hmic  form using t h e  

formula : 

LoglO W = a  + b (Logl0 L) 

where : 

W = weight (g )  

L  = f o r k  o r  t o t a l  l e n g t h  (mm) 

a  = Y i n t e r c e p t  

b = r eg re s s ion  c o e f f i c i e n t  ( s lope )  (Ricker 1975) 

The following weight-length r e l a t i o n s h i p  was c a l c u l a t e d  f o r  

South Macmillan River g r a y l i n g  (N = 27; r = 0.993): 

Loglo W(g) = 3.196 Loglo FL(mm) - 5.480. 

A comparison of t h i s  r e l a t i o n s h i p  wi th  o t h e r  g ray l ing  popula t ions  

(Table  3-23) a t  no r the rn  l a t i t u d e s  shows comparable weight-length 

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

Several  i n v e s t i g a t i o n s  have shown t h a t  t h e  va lue  of "b" w i l l  

u s u a l l y  be near 3.0, s i n c e  the  weight of an o b j e c t  v a r i e s  a s  t he  cube 

of i t s  l e n g t h ,  when shape and s p e c i f i c  g r a v i t y  a r e  cons t an t  (Carlander  

1969). Va r i a t i ons  from t h i s  va lue  can be a f f e c t e d  by spec i e s  s p e c i f i c  

morphological c h a r a c t e r i s t i c s ,  sex,  sexua l  m a t u r i t y ,  age and environ- 

mental i n f luences .  This cubic  r e l a t i o n s h i p  i s  maintained by South 

Macmillan River gray l ing .  



TABLE 3-23 

Selec ted  Weight-Length Rela t ionships  f o r  Arc t ic  Grayl ing 
Throughout Their  Range 

Locat ion  
(Lat i tued/Longitude)  N r Weight-Length Rela t ionship  Reference 

S. Macmillan R. ,  Yukon 27 0 993 Loglow = 3.196 hgloE'L(mm) - 5.480 This s tudy 
(63" 10'N 130" 15'W 

Weir C r  ./Kavik R., Alaska 110 0.998 LoglOW(g) = 3.151 LoglOE'L(mm) - 5.346 Craig and Poul in  1974 
(70" 10'N 140" OO'W) 

W 
I 
~n Donnelly R., N.W.T. 73 0.997 LoglOW(g) = 3.201 bglOE'L(mm) - 5.387 Tripp and McCart 1974 
w (65" 05'N 128"001W) 

Grebe L. , Wyoming - - LoglOW(g) = 2.768 LoglOTL(mm) - 4.525 Carlander  1969 
1 (45" OO'N  111" OO'W) 

Co l l in s  Cr . ,  Sask. 29 0.99 Log ioW(g) = 3.22 b g  10E'L(mm) - 5.427 Saskmont Engineering Company 
(58" 05'N 103" OO'W) Limited 1980 

Great Slave L., N.W.T. 325 - LoglOW(g) = 2.602 LoglOE'L(mm) - 3.897 E'alk and Gillman 1974 
(61" OO'N 114" OO'W) 



Condi t ion  F a c t o r  The c o e f f i c i e n t  of c o n d i t i o n  d e s c r i b e s  t h e  c o n d i t i o n  

o r  plumpness of a  f i s h ;  t h e  most widely  used d e f i n i t i o n  i s :  

K = w x  lo5 (Ricker  1958) 

where : 

l e n g t h .  

K = c o e f f i c i e n t  of c o n d i t i o n  

W = weight ( g )  

L  = l e n g t h  (mm) 

The h i g h e r  t h e  v a l u e  of K,  t h e  g r e a t e r  t h e  w i g h t  per u n i t  

The c o n d i t i o n  and g e n e r a l  w e l l  being o f  t h e  f i s h  i n  our  

c o l l e c t i o n s  g i v e  an i n d i c a t i o n  a s  t o  t h e  s u i t a b i l i t y  of t h e  h a b i t a t .  

The c o e f f i c i e n t  of c o n d i t i o n  (K),  us ing  both  t o t a l  l e n g t h  (TL) and f o r k  

l e n g t h  (FL) ,  were c a l c u l a t e d  f o r  each  g r a y l i n g  i n  t h e  c o l l e c t i o n  (See 

Table3-18). The average  K based on f o r k  l e n g t h ,  K (FL),  f o r  t h e  gray- 

l i n g  from the  South Macmillan River  i s  0.98, and t h e  average K based on 

t o t a l  l e n g t h ,  K(TL) i s  0.74. 

Matur i ty  A l l  A r c t i c  g r a y l i n g  from t h e  South Macmillan River were 

immature a t  t h e  t ime of c a p t u r e  and,  excep t  f o r  a  few specimens,  s e x  

could  n o t  be determined (Table  3-18). Northern p o p u l a t i o n s  of g r a y l i n g  

u s u a l l y  mature  a t  a  later  age than  t h o s e  a t  more s o u t h e r l y  l a t i t u d e s .  

In  t h e  Yukon and Northwest T e r r i t o r i e s ,  g r a y l i n g  have been r e p o r t e d  t o  

mature  a t  age  f o u r  and younger (Car lander  1969, Tr ipp  and McCart 1974);  

however, o t h e r  s t u d i e s  s u g g e s t  t h a t  a t  n o r t h e r n  l a t i t u d e s ,  t h e  g r e a t e s t  

pe rcen tage  of g r a y l i n g  mature  a t  age  f i v e  o r  s i x  ( C r a i g  and Poul in  

1974, Saskmont Engineer ing Company Limited 1980, Bishop 1967, Falk  and 

Gillam 1974, d e  Bruyn and McCart 1974). The age of m a t u r i t y  i s  s i m i l a r  

f o r  both  s e x e s  and once mature ,  females  appear  t o  spawn every  year  

( F a l k  and G i l l a m  1974, Tr ipp  and McCart 1974). 



Food H a b i t s  A r c t i c  g r a y l i n g  a r e  o p p o r t u n i s t i c  i n  t h e i r  f eed ing  h a b i t s  

and w i l l  consume an a r r a y  of food i t e m s  i f  a v a i l a b l e .  D i e t a r y  compon- 

e n t s  can  i n c l u d e  bottom fauna ,  d r i f t ,  t e r r e s t r i a l  i n s e c t s ,  f i s h ,  f i s h  

eggs ,  smal l  mammals, p l a n t  m a t e r i a l  and items of  no n u t r i t i o n a l  v a l u e  

such a s  sand ,  g r a v e l  and animal h a i r .  

A t o t a l  of 25 g r a y l i n g  stomachs from South Macmillan River 

f i s h  was sampled. A summary of food p r e f e r e n c e s  i s  p resen ted  i n  Table 

3-2 4. 

The stomach c o n t e n t s  of t h e  f i s h  c o l l e c t e d  i n  t h e  South 

Mpcmillan River demons t ra te  t h a t  t h e  food b a s e  of t h i s  popu la t ion  was 

i n v e r t e b r a t e s .  Of t h e  25 f i s h  c o l l e c t e d ,  20 had between 8 0  and 100 

p e r c e n t  o f  t h e  stomach c o n t e n t s  as i n s e c t s ,  w i t h  t h e  most prominent 

being immature chironomids  (Chironomidae) . Ten f i s h  were a l s o  found t o  

have t h e  remains of f i s h  i n  t h e i r  stomachs wi th  two having t h i s  

component making up g r e a t e r  t h a n  50  p e r c e n t  of t h e  volume. One f i s h  

had t h e  remains  o f  17  pelecypods o r  clams i n  i t s  stomach. A h i g h  

percen tage  of f i s h  (78%) had e a t e n  v e g e t a t i o n .  T e r r e s t r i a l  i n s e c t s ,  

mainly Hymenoptera, were a l s o  consumed a s  food. 

The p resence  of u n i d e n t i f i e d  f i s h  i n  g r a y l i n g  as smal l  a s  

t h o s e  cap tured  i n  t h e  South Macmillan River was unexpected.  The low 

p r o d u c t i v i t y  observed i n  f l u v i a l  h a b i t a t s  i n  t h e  a r e a  may p a r t i a l l y  

e x p l a i n  t h e  n e c e s s i t y  f o r  p r e d a t i o n  on s m a l l e r  f i s h .  The r e l e v a n c e  of 

f i n d i n g  f i s h  remains  i n  t h e  g r a y l i n g  stomachs i s  f u r t h e r  d i s c u s s e d  

below. 

Reproduction No mature  g r a y l i n g  o r  ev idence  of spawning was c o l l e c t e d  

d u r i n g  t h i s  s tudy .  However, t h e  c a p t u r e  of year  o l d  g r a y l i n g  and t h e  

s i g h t i n g  of a  f ry - s ized  f i s h  of unknown s p e c i e s  i n  Reach R21 s u g g e s t s  

t h a t  r e p r o d u c t i o n  could  be o c c u r r i n g  i n  t h e  a r e a .  F i s h  remains i n  t h e  

stomachs of g r a y l i n g  a r e  a l s o  evidence t h a t  some type of s m a l l e r  f i s h  

which was n o t  c a p t u r e d  d u r i n g  sampling i s  p r e s e n t  i n  t h e  a r e a .  These 



TABLE 3-24 

Stomach Contents of Arctic Grayling from South Macmillan River, Jason Property, August 1 8 ,  1981 

Stomach Contents Size Class - Fork Length 
0 - 150 mm 150 - 200 mm 200 mm 

N % occurrence N % occurrence N % occurrence 

Plecoptera 

Ephemeroptera 

Coleoptera 

Chironomidae 

Other Diptera 

Neuroptera 

Araneae 

Tricoptera 

Hymenoptera 

Pelecypoda 

Amphipoda 

Nematoda 

Hemiptera 

Lepidoptera 

Oligochaeta 

Collembola 

Psocoptera 

Cladocera 

Hydracarina 

Unidentifiable invertebrates 
(most Insecta) 

Unidentifiable Fish 

Vegetation 

vmphs 

nymphs 
adults 

larvae 
adults 

larvae 
pupae 
adults 

larvae 
pupae 
adults 

adults 

larvae 
adults 

adults 

larvae 

adults 

Total No. of Stomachs Sampled 14 

Total No. with Food Items 14 



s m a l l e r  f i s h  cou ld  be g r a y l i n g  f r y  preyed upon by l a r g e r  g r a y l i n g  o r  

couid  r e p r e s e n t  a n o t h e r  s p e c i e s ,  not  ye t  i d e n t i f i e d  a s  being p r e s e n t  

s e c t i o n  of t h e  r i v e r .  Grayl ing t y p i c a l l y  spawn from March t o  June over  

t h e i r  g e o g r a p h i c a l  r ange ,  bu t  u s u a l l y  from mid-May t o  mid-June ( Carlan- 

d e r  1969, McPhail and Lindsey 1970, and de Bruyn and McCart 1974) a t  

more n o r t h e r l y  l a t i t u d e s .  Coarse sand ,  g r a v e l  and rock  bottoms have 

a l l  been l i s t e d  as p r e f e r r e d  g r a y l i n g  spawning s u b s t r a t e s  (Nelson 1954, 

Sha l lock  1965, McPhail and Lindsey 1970, S c o t t  and Crossman 1973).  

S u i t a b l e  s i z e d  spawning s u b s t r a t e  e x i s t s  i n  t h e  South Macmillan River 

i n  reaches  R21 and R22.  

As t h e  i n i t i a l  f i e l d  t r i p  t o  t h e  s t u d y  a r e a  was under taken i n  

mid-June, mature  A r c t i c  g r a y l i n g  should have been p r e s e n t  i f  they  use 

t h e  a r e a .  River d i s c h a r g e  c o n d i t i o n s  ( h i g h  water  l e v e l s  and v e l o c i t y )  

i n  June r e s t r i c t e d  a c c e s s  a l l  s u i t a b l e  h a b i t a t  t h a t  could  have suppor- 

t e d  f i s h ,  and was f u r t h e r  complicated by t u r b i d  c o n d i t i o n s  t h a t  reduced 

v i s i b i l i t y  i n  t h e  water .  Thus, t h e  l i k e l i h o o d  of miss ing  a d u l t  gray- 

l i n g ,  i f  they  were p r e s e n t  i n  small numbers, was high.  The p o s s i b i l i t y  

of g r a y l i n g  spawning on t h e  J a s o n  p r o p e r t y  cannot  y e t  be r u l e d  out  and 

would r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  t o  v e r i f y  i t .  

T i s s u e  Ana lvs i s  

Fish  t i s s u e  a n a l y s i s  was performed on a s i n g l e  g r a y l i n g  spec- 

imen c o l l e c t e d  i n  October 1981. These a n a l y t i c a l  r e s u l t s  a r e  p resen ted  

i n  Table 3-25. This d a t a  i s  presen ted  f o r  in fo rmat ion  o n l y ,  s i n c e  i t  

i s  i n s u f f i c i e n t  t o  p rov ide  a  b a s i s  f o r  comparison wi th  o t h e r  s t u d i e s .  

I n  t h e  c o n t e x t  of t h i s  s t u d y ,  t h e  use of g r a y l i n g  a s  an i n d i -  

c a t o r  o f  heavy meta l  con tamina t ion  i n  t h e  a q u a t i c  environment i s  ques- 

t i o n a b l e  due t o  l a c k  of i n f o r m a t i o n  a v a i l a b l e  about  t h e  e x t e n t  of t h e i r  

movements and r e s i d e n c e  time i n  d i f f e r e n t  r e a c h e s  o f  t h e  South Macmil- 

l a n  River .  At tempt ing t o  d e f i n e  r e l a t i o n s h i p s  between g r a y l i n g  t i s s u e  



TABLE 3-25 

F i sh  Tissue Analysis  

Element Concentrat ion 
(pg/g wet weight)  



concen t r a t i ons  and heavy meta l  contamination r e s u l t i n g  from exp lo ra to ry  

and mining development i n  t h e  a r e a ,  would be tenuous a t  bes t .  Fu r the r ,  

Wiener and Giesy (1979) r e p o r t  t h a t  c e r t a i n  elements such a s  Cu, Mn, 

and Zn a r e  homeostat i c a l l y  r egu la t ed  i n  f i s h ,  nega t ing  t h e i r  bio-moni- 

t o r i n g  usefu lness  f o r  these  parameters.  It i s  suggested t h a t  Arc t ic  

g r ay l ing  not  be considered f o r  use a s  a  biomonitor of heavy metal  accu- 

mulat ion i n  the  aqua t i c  environment un less  ex t ens ive  a d d i t i o n a l  in for -  

mation i s  acquired regard ing  t h e i r  movements and res idence  i n  reaches  

of t he  r i v e r  a f f e c t e d  by the  p r o j e c t .  

.3 Comparison wi th  Other Data 

The number and d i v e r s i t y  of f i s h  c o l l e c t e d  on the  South Mac- 

mi l l an  River i s  t y p i c a l  of what would be expected of t h e  a rea .  Other 

s t u d i e s  i n  t he  Yukon have had s i m i l a r  r e s u l t s  a l though t h e  wider 

v a r i e t y  of downstream h a b i t a t s  sampled i n  those s t u d i e s  gene ra l l y  pro- 

duced e i t h e r  more f i s h  o r  a  more d ive r se  community than the  c o l l e c t i o n  

from the  South Macmillan River. Three immature Dolly Varden (Sa lve l i -  

nus malma) were c o l l e c t e d  i n  a  small  t r i b u t a r y  of the  Hess River north- -- 
e a s t  of t h e  p ro j ec t  s i t e  (Sergy -- e t  a l .  1976). The same s tudy y ie lded  

e i g h t  sl imy scu lp ins  (Co t tu s  cognatus)  and one Arc t i c  g r ay l ing  i n  an 

ad jacent  r i v e r  ( t h e  Tsichu River) i n  t he  Northwest T e r r i t o r i e s .  

Far ther  west,  a  ba se l ine  s tudy  of t h e  small  c reeks  d ra in ing  i n t o  the  

Stewart River produced f i v e  s p e c i e s  of f i s h :  Arc t i c  g r a y l i n g ,  longnose 

sucker  (Catostomus catostomus) ,  Arc t i c  lamprey (Lampetra japonica) ,  

humpback wh i t e f i sh  (Coregonus c lupeaformis) ,  and nor thern  pike (Esox 

l u c i u s )  (Environmental P ro t ec t i on  Serv ice  1978). 

South of t he  presen t  s tudy  a r e a ,  an environmental ba se l ine  

s tudy  on t h e  small  c reeks  d ra in ing  i n t o  t h e  Pe l ly  River a t  Faro, Yukon 

T e r r i t o r y  (Montreal Engineering Company, Limited 1978) produced only 

t h r ee  slimy scu lp ins ,  and four  Arc t i c  gray l ing .  Upstream from t h e  con- 

f luence  of t h e  P e l l y  with t he  Yukon River ,  a  b i o l o g i c a l  assessment of 



f o u r  c r e e k s  d r a i n i n g  d i r e c t l y  i n t o  t h e  Yukon River  (Ke lso  -- e t  a l .  1977) 

produced 4  1 s l imy s c u l p i n s  , 15 Arctic g r a y l i n g ,  two longnose s u c k e r s ,  

and f i v e  chinook salmon. In a n o t h e r  s t u d y  i n  t h e  same g e n e r a l  a r e a ,  

t h e  Environmental  P r o t e c t i o n  Serv ice  (1979) c a p t u r e d  59 g r a y l i n g  and 

s i x  s c u l p i n s .  A r c t i c  g r a y l i n g  were p r e s e n t  i n  t h e  Howard's Pass  a r e a  

(Arch iba ld  and Burns 1981);  however, sampling c o n s i s t e d  of o n l y  ang- 

l i n g ,  w i t h  emphasis on c o l l e c t i n g  f i s h  t i s s u e  f o r  m e t a l s  a n a l y s i s  

r a t h e r  t h a n  a s s e s s i n g  t h e  abundance and d i v e r s i t y  of f i s h .  

Recent f i s h e r i e s  i n v e s t i g a t i o n s  (Davies  and Shepard 1981, 

Davies p e r s .  comm.) s u p p o r t  t h e  p a t t e r n s  of f i s h  d i s t r i b u t i o n s  of p a s t  

s t u d i e s  and a l s o  i n c l u d e  t h e  p resence  of n o r t h e r n  p ike  and burbo t  (Lo ta  - 
l o t a )  i n  t r i b u t a r i e s  (Hess  Creek and J e f f  Creek) of t h e  South Macmillan 

River ,  a  s h o r t  d i s t a n c e  downstream of Bridge #2. The b r i d g e  i s  l o c a t e d  

approx imate ly  s i x  k i l o m e t e r s  s o u t h  of t h e  C o r d i l l e r a n  Engineer ing base 

camp. 

Compared t o  t h e  g r a y l i n g  c o l l e c t e d  i n  C o l l i n s  Creek i n  

n o r t h e r n  Saskatchewan (Saskmont Engineer ing Company Limited,  1980) 

which had an average  K(FL) o f  1.29, t h e  South Macmillan River g r a y l i n g  

were l e s s  plump wi th  a  K(FL) of 0.98. The average  K(TL) f o r  t h e  gray- 

l i n g  of t h e  South Macmillan River i s  0.74 which was below t h e  v a l u e  of 

0.82 r e p o r t e d  f o r  100 g r a y l i n g  from Tolovana River (Yukon Dra inage) ,  

Alaska (Reed and McCann 1971).  The Tolovana River popula t ion  e x i s t e d  

under c o n d i t i o n s  of r a p i d  runof f  i n  t h e  s p r i n g  and f a l l ,  poor a q u a t i c  

i n s e c t  p r o d u c t i o n ,  and f l u c t u a t i n g  water  t empera tu res .  The South 

Macmillan p o p u l a t i o n  may e x i s t  under s i m i l a r  c o n d i t i o n s  and t h i s  may 

r e s t r i c t  f u r t h e r  upstream movement of t h e  p o p u l a t i o n .  

.4 R e l a t i o n  t o  Other  Paramete rs  

The chemical  composi t ion of t h e  wa te r  can  be an  impor tan t  

f a c t o r  governing f i s h  d i s t r i b u t i o n .  High l e v e l s  of d i s s o l v e d  m e t a l s  



can be d i r e c t l y  t o x i c  t o  f i s h  o r  can have s u b l e t h a l  a f f e c t s  which 

reduce populat ion f i t n e s s .  The poss ib l e  r e l a t i o n  between the  low f i s h  

numbers presen t  i n  the South Macmillan River and the  observed metal 

concen t r a t i ons  i n  the  water t h e r e f o r e  r e q u i r e s  d i scuss ion .  

One important a spec t  of aqueous metal  concen t r a t i ons  i s  t h e  

d i f f e r e n c e  between d isso lved  and t o t a l  metals .  Total  meta l s  inc lude  

a l l  f r a c t i o n s  adsorbed o r  a t t ached  to  p a r t i c u l a t e  m a t e r i a l  p lus  t h e  

f r a c t i o n  which i s  t r u l y  d i sso lved .  The meta l s  i n  t he  p a r t i c u l a t e  f rac-  

t i o n  a r e  g e n e r a l l y  not  a v a i l a b l e  t o  a q u a t i c  organisms unless  inges ted .  

By c o n t r a s t ,  t h e  d i sso lved  f r a c t i o n  i s  usua l ly  considered t o  be biolog- 

i c a l l y  a v a i l a b l e  due t o  i t s  ionized form and a b i l i t y  t o  pene t r a t e  mem- 

brane su r f aces .  It must a l s o  be r e a l i z e d  t h a t  some d isso lved  metals  

a r e  adsorbed t o  o r  che l a t ed  with l a r g e  d i sso lved  organic  molecules ,  

making them much l e s s  a v a i l a b l e  t o  b i o l o g i c a l  systems. 

In  view of t h i s ,  t h e  repor ted  concent ra t ions  of t o t a l  i r o n  

and o t h e r  meta l s  can be viewed a s  a  "worst case" s i t u a t i o n  ( i . e . ,  100% 

of  the  concen t r a t i ons  repor ted  a r e  b i o l o g i c a l l y  a v a i l a b l e )  even though 

i t  i s  r e a l i z e d  t h a t  t h i s  i s  ve ry  conserva t ive .  I f  t h e  d i s t i n c t i o n  i s  

t o  be made between d isso lved  and t o t a l  meta l s ,  two samples must be 

taken,  and one must be f i l t e r e d  on s i t e  before  both a r e  a c i d i f i e d  t o  a  

pH of  l e s s  than two. Without a c i d i f i c a t i o n ,  t he  p r e c i p i t a t i o n ,  chela- 

t i o n ,  and adsorp t ion  r e a c t i o n s  occur r ing  i n  t he  sample con ta ine r  could 

y i e l d  r e s u l t s  which a r e  no t  r e p r e s e n t a t i v e  of the  system from which 

they were c o l l e c t e d .  

With t he  except ion  of i r o n  and z inc ,  t h e  o t h e r  meta l s  analy- 

zed were below l e v e l s  i n  the  water a t  which they w u l d  be de t r imen ta l  

t o  f i s h .  The South Macmillan River i s  n a t u r a l l y  high i n  i r o n ,  and 

while t h i s  metal  i s  one of t h e  l e a s t  t o x i c  t o  aqua t i c  organisms i n  i t s  

d isso lved  s t a t e ,  t he  f l o c s  and p r e c i p i t a t e s  formed by i r o n  may be harm- 

f u l  t o  membrane su r f aces  used f o r  r e s p i r a t i o n .  Tota l  i r on  concentra- 

t i o n s  of S t a t i on  M 8 ,  where g ray l ing  were cap tured ,  approached o r  were 



w i t h i n  1000-3000 p p b / ~ ,  which i s  t h e  range where i n t e r a c t i o n s  between 

f l o c  s i z e  and f i s h  t o x i c i t y  a r e  r e p o r t e d  t o  occur  (American F i s h e r i e s  

S o c i e t y ,  1979). 

The recommended c r i t e r i o n  f o r  z i n c  f o r  t h e  p r o t e c t i o n  of 

f r e s h w a t e r  l i f e  ( a t  a  water  ha rdness  o f  0-150 ppm) i s  0.05 mg/l o r  

50 ppb. A t  those  s t a t i o n s  sampled i n  t h e  South Macmillan R i v e r ,  z i n c  

ranged from 100 t o  1200 ppb. I f  t h e s e  c o n c e n t r a t i o n s  were 

r e p r e s e n t a t i v e  o f  what was b i o l o g i c a l l y  a v a i l a b l e ,  t h e y  t h e y  would 

c e r t a i n l y  seem d e t r i m e n t a l  t o  t h e  f i s h .  However, t h e  work of Holcombe 

e t  a l .  (1979)  showed t h a t  t h e  exposure  of t h r e e  g e n e r a t i o n s  of brook -- 
t r o u t  ( S a l v e l i n u s  f o n t i n a l i s )  t o  z i n c  c o n c e n t r a t i o n s  ranging from 2.6 

t o  534 ppb produced no s i g n i f i c a n t  harmful e f f e c t s .  The range of z i n c  

c o n c e n t r a t i o n s  measured i n  t h e  South Flacmillan River  d u r i n g  t h i s  s t u d y  

were w i t h i n  t h e  range of c o n c e n t r a t i o n s  used by Holcombe - e t  - a l .  

(1979).  Water h a r d n e s s ,  which g e n e r a l l y  m o d i f i e s  ( r e d u c e s )  t h e  e f f e c t s  

of t o x i c  m e t a l s  a s  i t  i n c r e a s e s ,  was 45.4 ppm i n  t h e  aforement ioned 

t e s t  whi le  t h e  average v a l u e  f o r  t h e  South Macmillan River d u r i n g  t h i s  

s t u d y  was 71.9 ppm. Holcombe -- e t  a l .  a l s o  r e p o r t e d  t h e  a p p a r e n t  acclim- 

a t i o n  o f  t h e i r  t e s t  f i s h  t o  t h e  z i n c  c o n c e n t r a t i o n s  and r e f e r r e d  t o  

o t h e r  r e p o r t s  concerning z i n c  a c c l i m a t i o n  i n  rainbow t r o u t  (Salmo 

g a i r d n e r i )  and f l a g f i s h  ( J o r d a n e l l a  f l o r i d a e ) .  Thus, g iven  t h e  hard- 

n e s s  of t h e  water  and t h e  l i k e l y  p o t e n t i a l  of A r c t i c  g r a y l i n g  t o  

a c c l i m a t e  t o  t h e  z i n c  l e v e l s ,  t h e i r  e x i s t e n c e  a t  s t a t i o n  M 8  would n o t  

seem unusual .  

Comparisons of t h e  g r a y l i n g  stomach c o n t e n t s  wi th  t h e  r e s u l t s  

of Surber and a r t i f i c i a l  s u b s t r a t e  samples showed l i t t l e  i f  any r e l a -  

t i o n s h i p .  One s i m i l a r i t y  was t h e  p resence  of s t o n e f l i e s  ( P l e c o p t e r a )  

i n  a  few stomachs (6  o f  25) and i n  t h e  Surber samples. The stomach 

c o n t e n t s  i n d i c a t e d  t h e  e x i s t e n c e  of a  more d i v e r s e  b e n t h i c  fauna i n  

t h i s  s e c t i o n  of t h e  r i v e r  than  was observed by s t a n d a r d  benthos  sam- 

p l i n g  t echn iques .  For example, t h e  stomach c o n t e n t s  r e v e a l e d  t h e  e x i s -  

t e n c e  of m a y f l i e s  (Ephemeroptera) amphipods (Amphipoda), and a q u a t i c  



b e e t l e s  (Coleoptera)  which would have been expected i n  the  s t ream, but 

were not  recorded i n  t he  benth ic  samples. These may have been consumed 

o f f  t he  Jason proper ty ,  o r  they may be components of the d r i f t  from up- 

s t ream reaches.  Stream i n v e r t e b r a t e  d r i f t  i s  known t o  be an important  

food source f o r  f i s h .  

.5 Summary 

A r c t i c  g r ay l ing  were captured i n  the South Macmillan River i n  

June, August and October, 1981. The populat ion was composed of f i s h  

mostly l e s s  than 200 mm i n  l e n g t h  and from one t o  t h r e e  years  o ld .  The 

growth r a t e  of t h e  populat ion i s  low, but  wi th in  t h e  range of growth 

observed f o r  the  spec ies .  Populat ion parameters suggest  South Macmil- 

l a n  River g ray l ing  a r e  much l i k e  o the r  nor thern  g ray l ing  populat ions.  

Food h a b i t s  of these  f i s h  support  t he  o p p o r t u n i s t i c  feeding tendencies  

no tab le  i n  g ray l ing  and t h e  presence of f i s h  remains i n  g ray l ing  

stomachs may be i n d i c a t i v e  of l i m i t e d  food sources  and cannibalism. 
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4.1 ECOSYSTEM PRODUCTIVITY 

The r e s u l t s  p resen ted  i n  P a r t  3 provide s t r o n g  i n d i c a t i o n s  t h a t  

p r o d u c t i o n  i n  a l l  t h r e e  of t h e  taxonomic g roup ings  examined ( p e r i p h y t o n ,  

benthos  and f i s h )  i s  low. Per iphy ton  were n o t  e s p e c i a l l y  abundant ,  and 

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

The benthos  were a l s o  p r e s e n t  i n  low numbers, and f i s h  were o n l y  

c o l l e c t e d  a f t e r  e x t e n s i v e  s e a r c h e s  throughout  t h e  r i v e r .  There may be a  

number of p o s s i b l e  r e a s o n s  f o r  t h e  low numbers and biomass of a q u a t i c  

organisms observed i n  t h i s  a r e a ,  i n c l u d i n g :  

- low wate r  t empera tu res  and s h o r t  growing season which l i m i t  

m e t a b o l i c  a c t i v i t y ;  

- low n u t r i e n t  l e v e l s  which l i m i t  a l g a l  growth r a t e s ,  and hence 

t h e  growth of he rb ivorous  benthos;  

- l a c k  of s u i t a b l e  h a b i t a t ;  and 

- presence  of t o x i n s  o r  o t h e r  m e t a b o l i c  i n h i b i t o r s .  

Low tempera tu res  and s h o r t  growing season  are l i k e l y  t o  be a 

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

A r c t i c  have shown t h a t  a q u a t i c  p roduc t ion  can be r e l a t i v e l y  h i g h  i n  s p i t e  

o f  t h e s e  f a c t o r s .  Low n u t r i e n t  a v a i l a b i l i t y  f o r  primary p roduc t ion  i s  

more l i k e l y  t o  be t h e  major impediment t o  g r e a t e r  p roduc t ion  a t  a l l  

t r o p h i c  l e v e l s  on t h e  Jason  p r o p e r t y .  

H a b i t a t  a v a i l a b i l i t y  i s  an  a d d i t i o n a l  c o n s t r a i n i n g  f e a t u r e  f o r  

f i s h  popula t ions .  As shown by t h e  assessment  o f  s t ream h a b i t a t  on t h e  

J a s o n  p r o p e r t y ,  s u i t a b l e  pool h a b i t a t  i s  l i m i t e d ,  and when combined wi th  

t h e  low food supp ly  may e x p l a i n  t o  a  l a r g e  degree  t h e  low numbers of f i s h  

p r e s e n t .  



The presence of any of a range of substances inimical to bio- 

logical metabolism, whether present as a natural occurrence or as a 

result of man's activity, could result in limitation of biological pro- 

duction in spite of otherwise suitable habitat conditions. Our review of 

the available water chemistry data indicates that it is unlikely that any 

of the trace metals examined are present at levels which would be imme- 

diately toxic to the populations present. Similar conclusions were made 

by Beak Consultants Ltd. (1980). However, it is possible that short-term 

inputs of contaminants to the river could be responsible for the lack of 

fish and invertebrates found in 1981. Release of materials from upstream 

mining activities by another company active in this area has been 

reported to have occurred recently. Visible evidence of such releases 

was present along the margins of the South Macmillan River in the form of 

heavily pigmented detrital accummulations, presumably due to high concen- 

trations of iron compounds (Photograph 4-1). Short-term releases of con- 

taminants are known to result in both increased downstream drift of 

invertebrates, thus depleting benthos populations, and in downstream 

movements of fish as behavioural responses to unfavourable conditions. 

Although the most recent occurrence of this phenomenon is likely due to 

man's activities, there is evidence that pulse inputs of contaminants may 

occasionally result from natural processes. Stream meander movements can 

result in encroachment on bog areas having high accumulations of iron- 

rich compounds, or other trace elements (Photograph 4-2), resulting in 

instances of sudden high loading to the river. Examination of undercut 

banks along the river (Photograph 4-3) adjacent to the airport indicated 

that certain strata in the floodplain deposits were high in similarly 

pigmented material, probably indicating the occurrence of such events at 

intervals in the past. Natural processes of this type could thus account 

for apparent variations in numbers and biomass of organisms present in 

the aquatic environment. 



Photograph 4-1 

D e t r i t a l  Accumulation a t  Margin 

of South Macmillan River 



Pho tog raph  4-2 

A c t i v e  E r o s i o n  Through I ron-Xich  Bank ? ? a t e r i a l ,  
Sou th  Nacmi l l an  R i v e r ,  Downstream o f  A i r s t r i p  

Pho tog raph  A-3 

S t  reambank E r o s i o n  Due t o  U n d e r c u t t i n g ,  
Sou th  XacmiElan R i v e r ,  Upstream of A i r s t r i p  



In summary, a q u a t i c  product ion i s  low i n  s t reams i n  the  Jason 

a r e a ,  most l i k e l y  due p r imar i l y  t o  low n u t r i e n t  l e v e l s  and unsu i t ab l e  

h a b i t a t  cond i t i ons  f o r  a q u a t i c  fauna. However, sporad ic  man-made and 

n a t u r a l  r e l e a s e s  of contaminants may a l s o  have de t r imen ta l  impacts upon 

the  popula t ions  p re sen t ,  and the  low numbers and biomass seen i n  1981 may 

be a  r e s u l t  of such processes .  



4.2 POTENTIAL IMPACTS ON AQUATIC COMMUNITIES 

OF M I N E  AND MILL DEVELOPMENT 

4 2 1 INTRODUCTION 

P r o j e c t  d e t a i l s  r egard ing  p o s s i b l e  mine and m i l l  development on 

t h e  Jason p r o p e r t y  have y e t  t o  be de f ined .  In  t h e  absence of a  s p e c i f i c  

p r o j e c t  d e s c r i p t i o n ,  t h e  fo l lowing  d i s c u s s i o n  a d d r e s s e s  o n l y  t h e  g e n e r a l  

t y p e s  of impacts  on t h e  a q u a t i c  environment which a r e  l i k e l y  t o  be 

impor tan t .  S p e c i f i c  impacts  and a p p r o p r i a t e  m i t i g a t i v e  measures w i l l  

need t o  be d e f i n e d  once t h e  p r o j e c t  d e t a i l s  a r e  a v a i l a b l e .  
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The impacts  of mining developments on t h e  a q u a t i c  environment 

dur ing  t h e  e x p l o r a t i o n  phase a r e  l a r g e l y  t h e  r e s u l t  o f  d r i l l i n g ,  road 

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

g e n e r a l l y  permit  t h e  i n t r o d u c t i o n  of suspended and d i s s o l v e d  s o l i d s  l o a d s  

t o  l a k e s  o r  s t reams .  Some r e l e a s e  of m i n e r a l s  can a l s o  be e x p e c t e d ,  

b u t ,  a t  t h i s  p o i n t  i n  mine development,  i t  i s  u s u a l l y  o f  minor concern.  

Some examples of such a f f e c t s  upon s t reams  i n  t h e  J a s o n  a r e a  a r e  g iven  i n  

Photographs 4-4 t o  4-7. 

Impacts a s s o c i a t e d  w i t h  t h e  c o n s t r u c t i o n  phase of a  mining 

o p e r a t i o n  a l s o  i n v o l v e  t h e  d i s t u r b a n c e  of r i p a r i a n  a r e a s  a long  t h e  

s t r e a m s ,  a s  i n  t h e  c a s e  of road b u i l d i n g  (Photograph 4-8). High water  

v e l o c i t i e s  from t h e  placement of c u l v e r t s  a t  s t ream c r o s s i n g s  may a l s o  

prevent  f i s h  movement upstream. Large amounts o f  suspended s o l i d s  and 

d e b r i s  can  be in t roduced  i n t o  s t r e a m s  d u r i n g  t h e  course  of t h e s e  

a c t i v i t i e s .  Suspended s o l i d s  can k i l l  f i s h  d i r e c t l y ,  reduce t h e i r  growth 

r a t e  and d i s e a s e  r e s i s t a n c e ,  p reven t  development of eggs  and f r y ,  a f f e c t  

n a t u r a l  movements, and reduce t h e  abundance of food. Scouring of t h e  



Photograph 4-4 

Active Erosion and Sedimentation of Rust Creek 
Due to Road Construction bv Hudson's 

Bay Mining and Smelting Co . 

Photograph 4-5 

Increased Turbidity and Silt 
Deposition in Rust Creek 

Due to Upstream Road 
Construction 



Photograph 4-6 

S i l t a t i o n  of Nidd Creek Due 
t o  Upstream E x p l o r a t i o n  A c t i v i t y  "-- . '- ‘P; 

by  Cominco L t d .  

Photagraph 4-7 

S i l t  Plume Observed i n  
Hess River  T r i b u t a r y  a t  t h e  

Confluence of Nidd Creek Down- 
s t ream of Cominco's A c t i v i t i e s  



Photograph 4-8 

S u r f a c e  D i s t u r b a n c e  Along Smal l  S t ream D r a i n i n g  
From J a s o n  Ridge 



n a t u r a l  s t ream s u b s t r a t e  a l s o  e l i m i n a t e s  o r  reduces  t h e  a t t a c h e d  a l g a l  

growth which i s  e s s e n t i a l  a s  a  food base  f o r  b e n t h i c  i n v e r t e b r a t e s .  On 

s e t t l i n g ,  suspended sediments  can r u i n  i n v e r t e b r a t e  h a b i t a t s  and reduce 

o r  e l i m i n a t e  t h e  food base  of t h e  f i s h  p o p u l a t i o n  ( C l a r k  1974). Methods 

f o r  minimizing t h e  impact of road c o n s t r u c t i o n  and s t ream c r o s s i n g s  a r e  

con ta ined  i n  s e v e r a l  p u b l i c a t i o n s  (Whitehead 1978, Dryden and S t e i n  1975, 

Rowe 1974, Curran and E t t e r  1976). 
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Impacts on t h e  a q u a t i c  environment d u r i n g  t h e  mining phase a r e  

p r i m a r i l y  t h e  r e s u l t  of t h e  r e l e a s e  of mine water .  There a r e  f o u r  main 

sources  of mine water (Montreal  Engineer ing Company, Limited 1972):  

1 )  groundwater seepage ( s u b s u r f a c e  flow of t a i l i n g s  pond o r  o t h e r  

impounded water  i n  mine) ; 

2)  s u r f a c e  d r a i n a g e  ( p r e c i p i t a t i o n  and runof f  i n  t h e  mine a r e a ) ;  

3 )  waste water  from mine o p e r a t i o n s  ( termed process  wa te r ) ;  and 

4 )  water from h y d r a u l i c  b a c k f i l l i n g  methods. 

The q u a n t i t y  and chemical  composi t ion of mine water  a r e  dependent on t h e  

c h a r a c t e r i s t i c s  of t h e  o r e  body, t h e  mining methods used,  and t h e  

hydrogeology . 

The major p o t e n t i a l  problems c h a r a c t e r i s t i c  o f  mine water  a r e  

a c i d i t y  and h i g h  meta l  c o n c e n t r a t i o n s .  In  a d d i t i o n ,  mine water  may 

c o n t a i n  ammonia i n  c o n c e n t r a t i o n s  from 0.2 t o  100 ppm. The source  of t h e  

ammonia i s  ammonium n i t r a t e  used a s  an  e x p l o s i v e  i n  some mining 

o p e r a t i o n s  ( C l a r k e  1974). Mine water  may a l s o  c o n t a i n  smal l  q u a n t i t i e s  

o f  hydrocarbon p o l l u t a n t s  from v e h i c l e  and machinery maintenance a r e a s ,  

f u e l  s t o r a g e  a r e a s ,  and runof f  from h e a v i l y  t r a f f i c k e d  a r e a s .  



P o t e n t i a l  s o u r c e s  of contaminated water  are: 

1 )  a r e a s  around o r e  hand l ing  f a c i l i t i e s ;  

2) m i l l  and c o n c e n t r a t o r  a r e a s ;  

3 )  h a u l  roads ;  

4)  waste  rock  p i l e s  and t a i l i n g s ;  and 

5 )  any a r e a  where rock s u r f a c e  i s  exposed,  i n c l u d i n g  t h e  mine 

i t s e l f .  

The a c i d i t y  o f  s u r f a c e  and mine wate r  can be caused by t h e  

o x i d a t i o n  of i r o n  s u l p h i d e  m i n e r a l s ,  such a s  p y r i t e  ( F ~ s ~ ) ,  m a r c a s i t e  

( Fe2S3) , and o t h e r  s u l p h i d e  m i n e r a l s ,  i f  p r e s e n t .  The o x i d a t  i o n  

r e a c t i o n s ,  which a r e  sometimes augmented by b a c t e r i a ,  r e s u l t  i n  t h e  

fo rmat ion  of a c i d  which f u r t h e r  d i s s o l v e s  q u a n t i t i e s  o f  o t h e r  m e t a l s  

producing p o s s i b l y  h i g h  c o n c e n t r a t i o n s  of t h e s e  i n  a c i d  mine wate r  

d ra inage .  Sulphides  of Cu, C r ,  Mn, N i ,  V,  and Zn d i s s o l v e  under t h e s e  

a c i d  c o n d i t i o n s ,  bu t  PbS d o e s  n o t  (Hawley 1972).  

P r o c e s s  w a t e r  (wa te r  used i n  t h e  e x t r a c t i o n  of t h e  m i n e r a l  from 

t h e  o r e )  a l s o  must be d i sposed  o f  and may impact t h e  r e c e i v i n g  wate r  

depending on t h e  e x t e n t  of t r e a t m e n t  i t  r e c e i v e s  p r i o r  t o  r e l e a s e .  

Process  water  w i l l  r e s u l t  from e i t h e r  of two b a s i c  methods of 

c o n c e n t r a t i n g  t h e  m i n e r a l :  d i f f e r e n t i a l  f l o t a t i o n  o r  l e a c h i n g .  

The chemical  c h a r a c t e r i s t i c s  of t h e  p rocess  water  v a r y  wi th  t h e  

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

e lement  being mined),  t h e  o r e  c h a r a c t e r i s t i c s  and t h e  q u a l i t y  of t h e  raw 

water.  The pH of t h e  p rocess  water  i s  r a r e l y  n e u t r a l ,  s i n c e  f l o t a t i o n  

u s u a l l y  o c c u r s  under a l k a l i n e  c o n d i t i o n s  and l e a c h i n g  may u t i l i z e  a c i d  o r  

b a s i c  r e a g e n t s .  I n  a d d i t i o n  t o  pH a l t e r a t i o n ,  p rocess  water u s u a l l y  

c o n t a i n s  h i g h  c o n c e n t r a t i o n s  of m e t a l s  and suspended s o l i d s  and r e s i d u a l  

amounts of t h e  chemicals  used i n  o r e  p rocess ing  ( C l a r k e  1974).  



The t a i l i n g s  pond i s  t h e  major method of t r e a t i n g  p r o c e s s  

water.  Lime i s  o f t e n  added t o  t h e  d i s c h a r g e  of mine wate r  and/or  t o  t h e  

d i s c h a r g e  of p rocess  water  t o  t h e  t a i l i n g s  pond f o r  n e u t r a l i z a t i o n  of t h e  

a c i d i t y .  T a i l i n g s  ponds perform t h e  fo l lowing  f u n c t i o n s  ( E b n t r e a l  

Engineer ing Company, Limited 1972) : 

1) f i n a l  r e t e n t i o n  of s o l i d  was tes ;  

2 )  heavy m e t a l  p r e c i p i t a t e  fo rmat ion  i f  proper  coagu lan t  i s  added; 

3)  s e d i m e n t a t i o n  of p r e c i p i t a t e s ;  

4 )  s e d i m e n t a t i o n  of o t h e r  suspended s o l i d s ;  

5) pH c o n t r o l  i f  a n e u t r a l i z i n g  agen t  i s  added; 

6 )  s t a b i l i z a t i o n  of o x i d i z a b l e  c o n s t i t u e n t s  i n  t h e  was tes ;  

7 )  ba lanc ing  volume f o r  i n f l u e n t  q u a l i t y  and q u a n t i t y  f l u c t u a t i o n s ;  

and 

8 )  s to rm wate r  s t o r a g e  and ba lanc ing .  

Depending on t h e  type and e x t e n t  of t r e a t m e n t  g iven  t h e  p rocess  

water  i n  t h e  t a i l i n g s  ponds, t h e  a q u a t i c  environment r e c e i v i n g  t h e  

t a i l i n g s  pond d i s c h a r g e  may s u s t a i n  consequences rang ing  from i n s i g n i f i -  

c a n t  changes i n  d e n s i t y  and d i v e r s i t y  t o  t h e  complete e r a d i c a t i o n  o f  

fauna  and f l o r a .  S t i m u l a t i o n  and i n c r e a s e d  d e n s i t y  of f l o r a l  o r  f a u n a l  

components may r e s u l t  a t  some l o c a t i o n s .  

O f  22 Canadian l o c a l i t i e s  r e c e i v i n g  e f f l u e n t s  from meta l  mines 

(Cla rke  1974),  no obvious e f f e c t s  on t h e  a q u a t i c  community were r e p o r t e d  

a t  t h r e e  s i t e s .  Reduced d i v e r s i t y  and /or  a l t e r e d  composi t ion of t h e  

b e n t h i c  fauna occur red  a t  16 s i t e s .  F i s h  p o p u l a t i o n s  were a f f e c t e d  a t  

e i g h t  s i t e s  and t h e  phytoplankton-zooplankton communities were a f f e c t e d  

a t  one s i t e .  Of t h e  e i g h t  s i t e s  where f i s h  w r e  a f f e c t e d ,  two s i t e s  were 

devoid of f i s h .  Toxic c o n c e n t r a t i o n s  of a r s e n i c  and m e t a l s  were b e l i e v e d  

t o  be t h e  cause  of t h e i r  absence a t  one l o c a t i o n  whi le  heavy s i l t a t i o n  



was cons idered  r e s p o n s i b l e  f o r  t h e  o t h e r .  Mine e f f l u e n t s  have been h e l d  

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

N e p i s i q u i t  R ivers  i n  New Brunswick ( C l a r k e  1974). Letterman and Mitsch 

(1978) found t h a t  t h e  major f a c t o r  a f f e c t i n g  t h e  b e n t h i c  and f i s h  commu- 

n i t i e s  downstream from an a l k a l i n e  c o a l  mine d r a i n a g e  d i s c h a r g e  was t h e  

d e p o s i t i o n  of f e r r i c  hydroxide.  In  a r e a s  r e c e i v i n g  a c i d  d i s c h a r g e s ,  t h e  

p roduc t ion  of ac idaemia i n  f i s h ,  fo l lowing  t h e  d e s t r u c t i o n  of t h e  car-  

bonate-bicarbonate  b u f f e r  sys tem,  i s  one of t h e  obvious  e f f e c t s  of t h i s  

type of p o l l u t i o n  (Parsons  1977). 

The most commonly s t u d i e d  e f f e c t  of mine e f f l u e n t s  i s  t h e i r  

e f f e c t  on benthos .  I n  many i n s t a n c e s ,  a r e a s  below mine e f f l u e n t  

d i s c h a r g e s  a r e  devoid of benthos .  When p r e s e n t ,  b e n t h i c  p o p u l a t i o n s  i n  

such l o c a t i o n s  a r e  g e n e r a l l y  low i n  bo th  d i v e r s i t y  and abundance a l t h o u g h  

some s i t e s  a r e  known where h igh  d e n s i t i e s  of organisms have been produced 

by t h e  mine e f f l u e n t s .  This  l a t t e r  s i t u a t i o n  cou ld  r e s u l t  from t h e  

e l i m i n a t i o n  of a  more s e n s i t i v e  p r e d a t o r  a l lowing  t h e  enhanced growth of 

a  l e s s  s e n s i t i v e  prey. R e l a t i v e  s e n s i t i v i t y  v a r i e s  widely among t h e  many 

t y p e s  of ben thos ,  bu t  g e n e r a l l y  m a y f l i e s  (Ephemeroptera) appear  t o  be one 

o f  t h e  more s e n s i t i v e  g roups  (Warnick and B e l l  1969, Roback 1974).  

Aquat ic  hemip te ra ,  a r a c h n i d a ,  and l e p t o c e r i d  c a d d i s f l y  l a r v a e  

( T r i c h o p t e r a )  have been found t o  be v e r y  t o l e r a n t  o f  t h e  h i g h  m e t a l  

c o n c e n t r a t i o n s .  Roback and Richardson (1969) found t h a t  d r a g o n f l i e s  

(Odonata) , m a y f l i e s  and s t o n e  f l i e s  ( P l e c o p t e r a )  were comple te ly  

e l i m i n a t e d  by a c i d  mine d ra inage .  However, P t i l o s t o m i s  ( T r i c h o p t e r a ) ,  

S i a l i s  ( H e g a l o p t e r a ) ,  and Chironomus a t t e n u a t u s  s u r v i v e d  t h e  a c i d  mine 

c o n d i t i o n s .  The work of Tomkiewicz and Dunson (1977) s u p p o r t s  t h a t  of 

Roback and Richardson (1969) and i n  a d d i t i o n  shows t h a t  s t o n e f l y  l a r v a e  

t end  t o  recover  f a s t e r  than  e i t h e r  m a y f l i e s  o r  c a d d i s f l i e s  a s  t h e  impact 

l e s s e n s  w i t h  d i s t a n c e  from t h e  mine e f f l u e n t .  



Aquatic organisms may be a f f e c t e d  by a  t ox i c  e f f l u e n t  i n  

s eve ra l  ways. A s i n g l e  t ox i c  element may have a  d i r e c t  l e t h a l  e f f e c t  o r  

i t  may a c t  i n  concer t  with o the r  elements (synergism) t o  produce the 

acu t e  l e t h a l  e f f e c t .  Suble tha l  e f f e c t s  may r e s u l t  i n  decreased reproduc- 

t i v e  success  o r  decreased r e s i s t a n c e  t o  d i s ea se  o r  o ther  environmental 

s t r e s s e s .  Other i n d i r e c t  e f f e c t s  would inc lude  bioaccumulation of t h e  

p o t e n t i a l l y  t o x i c  element through the  food chain t o  produce the afore-  

mentioned s u b l e t h a l  e f f e c t s .  Accumulation of t o x i c  subs tances  i n  t h e  

sediment could ,  over a  period of t ime ,  reach  t o x i c  l e v e l s  f o r  organisms 

l i v i n g  a t  the  sediment-water i n t e r f a c e .  Changes i n  t h e  oxidat ion-  

r educ t ion  p o t e n t i a l  of t he  sediment could conceivably r e l e a s e  l a r g e  

amounts of t ox i c  metals  which had accumulated i n  t he  sediment over a  long 

per iod of time. 

J u s t  a s  t h e r e  a r e  many ways i n  which the  t ox i c  a c t i o n  of the  

elements i n  mine e f f l u e n t s  may be expressed,  t h e r e  a r e  a l s o  many ways i n  

which the  t o x i c i t y  may be a t t enua t ed  by the  a q u a t i c  environment. Some 

l a r g e  n a t u r a l l y  occur r ing  organic  molecules have t h e  a b i l i t y  t o  bind o r  

c h e l a t e  t ox i c  meta l s  making them less a v a i l a b l e  t o  l i v i n g  organisms. The 

adsorp t ion  and coagula t ion  of t o x i c  meta l s  on to  organic  o r  inorganic  

m a t e r i a l s  removes the  t ox i c  metal  from the  water.  The presence of l e s s  

t o x i c  an ions  o r  c a t i o n s  i n  t h e  r ece iv ing  water may a l s o  reduce t he  

t o x i c i t y  of s p e c i f i c  meta l s  i n  so lu t ion .  The tox i c  e f f e c t s  of c e r t a i n  

meta l s  a r e  reduced i n  hard water (water  with l a r g e  concen t r a t i ons  of 

calcium and magnesium ions)  when compared to  s o f t  water . 

The impact of mine e f f l u e n t s  upon the  aqua t i c  environment i s  

u l t i m a t e l y  determined by t h e  n a t u r e  of t h e  e f f l u e n t ,  t he  t reatment  i t  

r e c e i v e s ,  t h e  n a t u r e  of t he  r ece iv ing  water and the  sum t o t a l  of a l l  

phys ica l  and chemical i n t e r a c t i o n s  between t h e  e f f l u e n t  and r ece iv ing  



water  i . ,  a d s o r p t i o n ,  d e s o r p t i o n ,  c h e l a t i o n ,  f l o c u l a t i o n ,  

s e d i m e n t a t i o n ,  antagonism,  synergism,  d i l u t i o n ,  b u f f e r i n g  c a p a c i t y ,  and 

b ioaccumula t ion)  . 

424 ABANDONMENT PHASE 

Abandoned mines g e n e r a l l y  c o n t i n u e  t o  produce wastes  s i n c e  a c i d  

mine water  i s  o f t e n  formed i n  t h e  d r a i n a g e  of t h e  mine and t a i l i n g s .  

Thus, t h e r e  may be a  con t inued  long-term impact t o  t h e  a q u a t i c  environ-  

ment. This impact may be m i t i g a t e d  by t e r r e s t r i a l  r e c l a m a t i o n  of t h e  

mine s i t e  and s e a l i n g  o f  t h e  t a i l i n g s  pond d u r i n g  i t s  c o n s t r u c t i o n .  

Reclamation methods should a t t e m p t  t o  d e c r e a s e  t h e  exposure  of both  o r e  

i n  t h e  abandoned mine and t a i l i n g s  t o  s u r f a c e  water .  Reduction i n  t h e  

q u a n t i t y  of water  l e a v i n g  t h e  mine a r e a  could  a l l o w  d i l u t i o n  and n e u t r a l -  

i z a t i o n  by t h e  n a t u r a l  a q u a t i c  environment t o  t h e  p o i n t  where impacts  

from t h e  abandoned mine would be i n s i g n i f i c a n t .  
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5 1 CONCLUS IONS 

This s t u d y  of f l u v i a l  a q u a t i c  h a b i t a t  on t h e  Jason  p r o p e r t y  was 

des igned  t o  produce b a s e l i n e  a q u a t i c  i n f o r m a t i o n  f o r  use  i n  f u t u r e  

environmental  assessment  documents. The s t u d y  has  emphasized p h y s i c a l  

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

h a b i t a t .  Data on per iphy ton ,  b e n t h i c  i n v e r t e b r a t e s  and sediment 

chemis t ry  were a l s o  c o l l e c t e d ,  i n  o r d e r  t o  p r e s e n t  a  comprehensive 

overview of f l u v i a l  a q u a t i c  sys tems i n  t h i s  a r e a .  

The 1981 s t u d i e s  d i s c u s s e d  i n  t h i s  r e p o r t  a r e  adequate  t o  

p rov ide  an  o v e r a l l  d e s c r i p t i o n  of t h e  a q u a t i c  h a b i t a t  i n  s t reams  on t h e  

Jason p roper ty .  They i l l u s t r a t e  a c o n s i s t e n t  p a t t e r n  of low numbers of 

organisms i n  t h e  t h r e e  communities ( p e r i p h y t o n ,  benthos  and f i s h )  

examined. Low b i o l o g i c a l  p roduc t ion  could  be due t o  s e v e r a l  d i f f e r e n t  

f a c t o r s ,  w i t h  low n u t r i e n t  a v a i l a b i l i t y  l i k e l y  being of primary 

importance i n  t h e s e  c o l d ,  headwater s t reams.  Leve l s  of t r a c e  m e t a l s  i n  

t h e  water  were n o t  h i g h  enough t o  l i m i t  b i o l o g i c a l  p o p u l a t i o n s ,  a l t h o u g h  

upstream r e l e a s e s  of i r o n - r i c h  contaminants  may have reduced t h e  

p o p u l a t i o n s  t h a t  o t h e r w i s e  would be p r e s e n t .  Few f i s h  were found i n  t h e  

South Macmillan River ,  probably  due t o  a  p a u c i t y  of f i s h  food organisms. 

Popula t ion  c h a r a c t e r i s t i c s  o f  t h e  A r c t i c  g r a y l i n g  c o l l e c t e d  = r e  s i m i l a r  

t o  o t h e r  n o r t h e r n  popula t ions .  

The d a t a  p resen ted  h e r e  cover  o n l y  p a r t  of one y e a r ,  and so do 

n o t  a d e q u a t e l y  a d d r e s s  t h e  q u e s t i o n s  of s e a s o n a l  o r  annual  v a r i a b i l i t y .  

F u r t h e r  i n t e n s i v e  sampling would be needed t o  b e t t e r  d e f i n e  t h e  

b i o l o g i c a l  p o p u l a t i o n s  p r e s e n t ,  but  i t  i s  u n l i k e l y  t h a t  t h e  o v e r a l l  

f i n d i n g  of low b i o l o g i c a l  a c t i v i t y  would be changed through such 

a d d i t i o n a l  work. The r e s u l t s  p r e s e n t e d  h e r e  sugges t  a  number of 

a d d i t i o n a l  a r e a s  which could  be pursued i n  t h e  f u t u r e  and t h e s e  a r e  

o u t l i n e d  i n  t h e  recommendations below. 



5.2 RECOMMENDATIONS 

The a q u a t i c  s t u d i e s  t o  d a t e  have provided an overview of t h e  

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

Rased on t h e s e  r e s u l t s ,  t h e r e  a r e  a  number of t o p i c s  t h a t  should  be 

a d d r e s s e d ,  i f  a d d i t i o n a l  work i s  done i n  t h e  a r e a .  

The major  n e c e s s i t y  i n  f u t u r e  a q u a t i c  s t u d i e s ,  from both  pro- 

j e c t  management and s c i e n t i f i c  view p o i n t s ,  shou ld  be improvements i n  t h e  

water  chemis t ry  sampling program. The chemical  composi t ion of s u r f a c e  

w a t e r s  i s  a  major de te rminan t  of t h e  b i o l o g i c a l  p o p u l a t i o n s  p r e s e n t ,  and 

a c c u r a t e ,  d e t a i l e d  knowledge of chemical  pa ramete rs  i s  a  n e c e s s i t y  f o r  

any v a l i d  i n t e r p r e t a t i o n  of b i o l o g i c a l  d a t a .  Changes and a d d i t i o n s  could  

be made i n  t h e  fo l lowing  a s p e c t s :  

- changes  i n  f requency of sample c o l l e c t i o n .  Samples from t r i b u -  

t a r y  s t reams  d r a i n i n g  und is tu rbed  wate r sheds  have been s u f f i -  

c i e n t l y  c h a r a c t e r i z e d  t h a t  o n l y  s e a s o n a l  sampling i s  neces- 

s a r y .  More i n t e n s i v e  weekly sampling is  recommended f o r  one 

s t a t i o n  on t h e  South Macmillan River and one on t h e  Hess t r i b u -  

t a r y ,  i n  o r d e r  t o  o b t a i n  d a t a  on which t o  a s s e s s  temporal  v a r i -  

a b i l i t y  a t  t h a t  t ime s c a l e .  

- improvements i n  sample c o l l e c t i o n  and t r e a t m e n t ,  i n c l u d i n g  

g r e a t e r  c a r e  i n  c o l l e c t i o n  o f  t h e  water  from t h e  s t ream i n  

o r d e r  t o  avoid  sampling resuspended sediment ,  immediate sample 

f i l t r a t i o n  t o  avoid  changes i n  d i s s o l v e d  and p a r t i c u l a t e  f r a c -  

t i o n s ,  and f i e l d  d e t e r m i n a t i o n s  of c e r t a i n  pa ramete rs  i n c l u d i n g  

pH, a l k a l i n i t y ,  t empera tu re ,  c o n d u c t i v i t y  and d i s s o l v e d  oxygen; 

- changes i n  pa ramete rs  examined. Data on n u t r i e n t  concentra-  

t i o n s  would be u s e f u l  i n  a s s e s s i n g  whether n u t r i e n t s  a r e  l i m i -  

t i n g  b i o l o g i c a l  p roduc t ion ,  a s  we have suggested.  We recommend 

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



o r g a n i c  phosphorus,  n i t r a t e ,  ammonia and s o l u b l e  o r g a n i c  carbon 

be inc luded .  Those parameters  which a r e  c o n s i s t e n t l y  below 

d e t e c t i o n  o r  unchanging, such as A s ,  Mo, C1  and Hg, should  be 

sampled o n l y  on a  s e a s o n a l  b a s i s  and d e t e r m i n a t i o n  of t o t a l  and 

i o n i c  f r a c t i o n s  of m e t a l s  such a s  Cu, Pb, Zn and Cd should be 

added; 

- d i r e c t  t o x i c i t y  t e s t s  of water samples should be c a r r i e d  out  t o  

conf i rm t h a t  t h e  p r e s e n t  chemical  composi t ion is  no t  t o x i c  t o  

f i s h .  

S i n c e  ben thos  a r e  widely  used f o r  b iomoni to r ing  purposes ,  and 

t h e i r  r esponses  t o  con taminan ts  a r e  we l l  known, t h e y  a r e  t h e r e f o r e  recom- 

mended a s  t h e  b a s i s  of any long-term s t u d i e s .  A d d i t i o n a l  e f f o r t  should 

be expended i n  o b t a i n i n g  f u r t h e r  i n f o r m a t i o n  on b e n t h i c  i n v e r t e b r a t e  

p o p u l a t i o n s  i n  t h e  South Macmillan Pdver. Two s t a t i o n s ,  a t  t h e  upstream 

and downstream boundar ies  of t h e  p r o p e r t y ,  should  be e s t a b l i s h e d  f o r  

f u r t h e r  d e t a i l e d  s t u d i e s  of s e a s o n a l  and y e a r l y  v a r i a t i o n .  Surber  sam- 

p l e r s  should  be t h e  method of cho ice  f o r  sample c o l l e c t i o n ,  s i n c e  prob- 

lems were encountered w i t h  t h e  a r t i f i c i a l  s u b s t r a t e  samplers  i n  r e l a t i o n  

t o  f l u c t u a t i n g  wate r  l e v e l s .  Downstream movement ( o r  d r i f t )  of  b e n t h i c  

i n v e r t e b r a t e s  i s  an  a d d i t i o n a l  p rocess  which could  be monitored.  The 

composi t ion of t h e  d r i f t  samples may be u s e f u l  i n  e x p l a i n i n g  d i f f e r e n c e s  

between benthos  samples and f i s h  stomach c o n t e n t s .  

Wetlands a r e  widely  recognized as accumulators  of n u t r i e n t s  and 

p o t e n t i a l  con taminan ts  such a s  m e t a l s ,  and have been used a s  n a t u r a l  

waste  t r e a t m e n t  s i t e s  i n  c e r t a i n  i n s t a n c e s .  It i s  p o s s i b l e  t h a t  mine- 

m i l l  wastes  from f u t u r e  o p e r a t i o n s  a t  t h i s  s i t e  could  r e c e i v e  f i n a l  

t r e a t m e n t  o r  p o l i s h i n g  by pass ing  them through w t l a n d  a r e a s  i n  t h e  South 

Macmillan River f l o o d p l a i n .  The a r e a  a d j a c e n t  t o  t h e  mouth of Jason 

Creek may be one s u i t a b l e  a r e a .  I f  n o t  over loaded ,  such a r e a s  could  per- 

form a u s e f u l  s e r v i c e  i n  removing b o t h  t u r b i d i t y  and r e s i d u a l  m e t a l s  from 



t h e  mine-mill was tes  a f t e r  more c o n v e n t i o n a l  t r e a t m e n t  p r o c e s s e s  have 

been a p p l i e d .  A s t u d y  of t h e  a s s i m i l a t i v e  c a p a c i t y  of wet lands  would be 

o f  g r e a t  p o t e n t i a l  use i n  f u t u r e  waste  management p lanning.  In a d d i t i o n ,  

t h e  g e n e r a l  b i o l o g i c a l  and chemical  c h a r a c t e r i s t i c s  of t h e s e  wet lands  

cou ld  a l s o  be e v a l u a t e d .  

A d d i t i o n a l  a n a l y s e s  of meta l  l e v e l s  i n  A r c t i c  g r a y l i n g  t i s s u e s  

a r e  n o t  recommended, s i n c e  t h e  f i s h  a r e  mobi le  and t h e  t i s s u e  accumula- 

t i o n s  cannot  be r e l a t e d  t o  t h e  l o c a t i o n  where t h e  f i s h  a r e  cap tured .  

Analyses o f  b e n t h i c  i n v e r t e b r a t e  t i s s u e s  may be more s u i t a b l e  f o r  t h i s  

purpose ,  but  i t  i s  expected t h a t  t h e  low numbers of organisms p r e s e n t  

would make i t  d i f f i c u l t  t o  o b t a i n  enough biomass. 

F u r t h e r  i n f o r m a t i o n  on f i s h  p o p u l a t i o n s  would be u s e f u l  i n  

a s s e s s i n g  mining impacts .  F u r t h e r  c o n f i r m a t i o n  of f i s h  presence o r  

absence ,  e s p e c i a l l y  on t h e  Hess t r i b u t a r y ,  should  be c a r r i e d  o u t ,  a s  w e l l  

a s  f r y  t r a p  sampling f o r  young f i s h .  The p resence  of f i s h  i n  t h e  f lood- 

p l a i n  ponds should a l s o  be i n v e s t i g a t e d .  

Other s t u d i e s  which would provide a d d i t i o n a l  a q u a t i c  d a t a  cou ld  

i n c l u d e  : 

- p h y s i c a l ,  chemical  and b i o l o g i c a l  c h a r a c t e r i z a t i o n  of headwater 

ponds on t h e  d i v i d e  between t h e  South Macmillan and Hess d ra in -  

ages .  I f  t a i l i n g s  ponds a r e  c o n s t r u c t e d  i n  t h i s  a r e a ,  i t  may 

be u s e f u l  t o  be a b l e  t o  q u a n t i t a t i v e l y  d e s c r i b e  t h e  a q u a t i c  

h a b i t a t  being l o s t ;  

- t h e  chemis t ry  and b io logy  of a c i d  s t r e a m s  such as Tom Creek; 

- hydromet r ic  s t u d i e s  on t h e  Hess t r i b u t a r y ;  

- d e s c r i p t i o n s  of o t h e r  taxonomic groups  such as protozoans  o r  

zooplankton,  o r  p r o c e s s e s  such as m i c r o b i a l  metabolism. 



The s t u d i e s  sugges ted  above can be ranked accord ing  t o  t h e i r  

u s e f u l n e s s  from b o t h  manager ia l  and s c i e n t i f i c  v iewpoin t s .  C e r t a i n  

s t u d i e s  would rank h i g h  on bo th  a s p e c t s  and a r e  h i g h l y  recommended f o r  

i n c l u s i o n  i n  Pan Ocean's f u t u r e  a c t i v i t i e s .  These s t u d i e s  would i n c l u d e ,  

i n  o r d e r  of importance:  

1. A l t e r a t i o n s  t o  t h e  water  chemis t ry  sampling program a s  o u t l i n e d  

p r e v i o u s l y .  

2 .  F u r t h e r  benthos  s t u d i e s ,  i n c l u d i n g  d r i f t .  

3. A s t u d y  of wetland a s s i m i l a t i v e  c a p a c i t y .  

I n  a d d i t i o n ,  t h e r e  may be management requ i rements  f o r  f u r t h e r  

f i s h  p o p u l a t i o n  c h a r a c t e r i z a t i o n ,  and c h a r a c t e r i z a t i o n  o f  headwater 

ponds. These s t u d i e s  would be of l e s s  s c i e n t i f i c  v a l u e  bu t  may be u s e f u l  

i n  assessment  of mine impacts.  

The remaining s t u d i e s  mentioned would c o n t r i b u t e  t o  f u r t h e r  

d e f i n i n g  a q u a t i c  h a b i t a t  and ecosystem p r o c e s s e s  i n  t h e  a r e a ,  but  would 

be of l e s s e r  v a l u e  i n  terms of impact assessment  and a r e  t h e r e f o r e  n o t  

recommended a t  t h i s  t ime. 
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TABLE A-1 

Reach Card Sample 

Reach NO. 1-- 

Weather ,- 
Field Photo Inlt. Photo Noa- 

SOURCE: Belford and Chamberlin 1980. 



TABLE A-2 

Hie ra rch ica l  Codes f o r  F l u v i a l  Systems 
i n  t h e  Jason Property Area, Macmillan Pass,  Yukon 

64 P e l l y  River  T r i b u t a r i e s  62 Stewart  River T r i b u t a r i e s  

Pe l ly  River 

Macmillan River 

North Macmillan River 

South Macmillan River 

Unnamed Creek (R. Bank) 

Unnamed Creek (Sekie  Creek #1) 

Unnamed Creek (Tom Creek) 

Unnamed Creek (Sekie  Creek 112) 

Stewart River 

Hess River  

Unnamed Creek (L. Bank) 

Unnamed Creek (R. Bank) 

Unnamed Creek (Nidd Creek) 

Unnamed Creek (R. Bank) 

Unnamed Creek (L. Bank) 

Unnamed Creek (R. Bank) 

Unnamed Creek (L. Bank) 

Unnamed Creek (L. Bank) 

Unnamed Creek (R.  Bank) 

SOURCE: D. Davies, Government of Yukon, Department of Renewable Resources. 



The fol lowing m a t e r i a l  

i s  taken from 

Chamberlin 1980a, b 

and is  presented h e r e  f o r  

a s s i s t a n c e  i n  t h e  i n t e r p r e t a t i o n  

of  t h e  a q u a t i c  assessment 

p o r t i o n  of t h i s  r e p o r t  



REACH DATA CARDS 

F i e l d  Nam I F i e l d  I ~ i e l d l ~ i e l d (  F i e l d  and Data Entry I ns t ruc t i ons  
L i m i t s  Width Type 

1 Reach No. 
--- 

Z999.99Z 7 AfN Mandatory. Reach numbers are assigned i n  
upstrean in teger  sequence with t h e  number placed 
t o  the l e f t  of the i m ~ l i e d  decimal m i n t .  Reach 
numbers are a 7 character code of t h e  f o l l ow ing  
form: 
1 character DISTRIBUTARY code, i f  app l icab le .  
3 d i g i t  max., integer reach number. 
2 d i g i t  ma., "canplexY number to the  ri$t o f  

impl ied decimal po in t .  
1 character ARCHIVE code, i f  appl icable.  
Assignment of d i s t r i b u t a r y  codes, canplex reach 
numbers and archive codes (see "Aquatic Survey 
Terminology*) requires special i ns t ruc t i ons .  

System Name 20 A Mandator . E i the r  UNNAMED o r  the  exact nane 
d n  the watershed code d ic t ionary ,  w l t h  
p a r t i c u l a r  a t t en t i on  t o  spel l i n g  and pinctua- 
t i on .  Separate canpound names wi th  a slash. 
Abbreviate River as R, Lake as L and Creek as C. 
An a l i as  may be w r i t t e n  t o  the  r i g h t  of t he  name 
i f  i n  brackets or  quotes. 
Note: a l l  watershed rimes i n  t he  d i c t i o n a r y  
should be gazetted. Any er rors  o r  discrepancies 
must be reported to the  Aquatics Studies Branch. 

System No. 

Survey Date 

21 N As given i n  d ic t ionary .  A l l  s i g i f i -  
g t s  should be recorded p lus  one ex t ra  %?% 

zero. (e.g. 92 0341 0) 

6 N Mandator Tw, d i g i t s  f o r  each of p a r ,  imnth, d' permit ted on ly  f o r  imnth and day 
(e.9. 7 7 4 4 ) .  I f  imnth o r  day i s  not  know 
record as zeroes (e.g. 770000). Year 2 
mandatory. Month and day must not be b l a x  

Canpi 1 i ng Agency 

F i e l d  Obs. 

3 AfN Use llAgency/Reference* code. S okay. 

ZZUZZZ 7 A T w  observers maximum. Use i n i t i a l s  as code w i t h  
th ree l e t t e r s  maximum f o r  each observer, 
separated by a slash. Do not put  periods a f t e r  
each i n i t i a l .  S okay: I f  a i r  photo 
i n t e r p r e t a t i o n  only, leave blank. 

Access 2 A/N Use "Accessm code. Record major form of access 
on1 y. 

Weather 

F i e l d  Photo I n i t .  
& Photos Nos. 

30 A/N I f  possible. l i m i t  t o  8 characters. 

Any convention useful  fo r  the survey may be 
used. Only Yes o r  No i s  stored i n  data  base. S 
stored as yes. 

Photo Interp. I n i t .  ZZZ 3 A/N Sokay. 

NTS Sheets 23 A/N MAXIMUM o f  3 sheet numbers, separated by canmas 
(e.g. 92F8. 92F9, 92F10). S okay. 

~ i r  Photo 1 photo # 12 AfN Cbly record one photo no. i n  t h i s  area; maximum 
12 characters.Record add i t iona l  numbers on card 
as a "CX" canment. Colon (:) between f l i g h t  l i n e  
and photo number. Preface f l i g h t  l i n e  w i t h  
appropr iate prov inc ia l  o r  federa l  code (BC o r  A, 
resp.). e.g. p rov inc ia l  BC#####:### 

federal A#####:### 
S okay. 

2 N Last  2 d i g i t s  only. S okay. 



REACH DATA CARDS 

Scale 

Card Ref. No. 

Active Val ley Proc . 
( a l l  categories) 

Bar Presence 
(a1 1 categories) 

F ie ld  Name 

Lateral Channel 
Movement 

Apparently Stable 
Bar Veg. Progressions 
Cut OffsIOx Bows 
Meander Scars 

F ie ld  and Data Entry Instruct ions 

Avulsions 0 - 9  

Terraces, 0 - 9  
Constr ict  ions 

Unstable banks (%) 0 - 99 

Total pools (%), 0 - 99 
Bedrock Control (%) 

Bed Materi a1 0 - 90 

Channel Cover 
Crown 
Overhang 

% Area 0 - 100 
Dis t r .  0 -  9 

Riparian Veg. 
Con 1 ferous 
Deciduous 
Understorey 
Ground 

SP . 0 -  9 
Dis t r .  0 -  9 

Channel Width 0 - 9999 
0 - 99.9 

Natural scale (e.g. 1:15 284); NOT chains o r  feet  
t o  the inch. Maximum 7 d ig i t s ,  not including the 
"1:". 

Use 'Valley Wall Pfocess ~ o c a t i b n *  code (M, F or 
B) and c i r c l e  one o f  Nil, L, M o r  H. 
N i l  : Nokhere present 

L: Less than 5 % of va l ley wal ls 
M: 5-25s o f  va l ley wall 
H: Greater than 25% of va l ley wal ls 

Ci rc le  one of Ni l ,  L, M o r  HZ 
Ni l :  Mot present i n  reach 

L: One or two isolated exanples. Less than 
10% o f  channel area 

M: 10-50% of channel area a t  low f low 
H: B e a t e r  than 50% of channel area at  lw  

flow 

For Apparently Stable c i r c l e  Yes o r  No. 
For Bar Veg. ProgressiijiiST-Cut OffsIOx Bows and 
Meander Scars c i r c l e  one o r  N i l ,  L, M o r  H. 
N i l :  No i nd ica to rsex is t  i n  val ley f l a t  

L: A single indicat ion ex is ts  
M: Indicators present i n  small groups 
H: Indicators repeat continuously through 

reach 

Ci rc le  Yes o r  No and how many to  a maximum of 9. 

Ci rc le  Yes o r  No and how many terrace levels, t o  
a maximun o f  9. The swe terrace l e v d - 6 i i - b o t h  
sides of a r i v e r  i s  1 terrace. Likewise 
cons t r i c t  ion locations. 

I f  value i s  100%. enter 99. 

I f  value i s  100X, enter 99. 

Enter percentage, rounded to nearest lo%, o r  T 
(trace) if <5%, or 0, as approprfate, f o r  each 
category. If one category value i s  equal t o  
loo%, enter F ( f ines),  G (gravels), L ( larges) o r  
R (bedrock) i n  the appropriate place. Comnent 
and c i r c l e  daninant material i n  f ines c a t e g j  
know. Bed material to ta l  must sun t o  100%. 
Note: Code f o r  100% Bedrocms R and should not 
b e o n f u s e d  with the map synbol use of the same 
code to  indicate a trace of bedrock. 

Enter 0 - 100 f o r  % Area and 0 - 9 f ran "Vegeta- 
t i o n  Dis t r ibut ion"  code fo r  Dis t r .  Trace i s  m)T 
a1 1 owed . 

For each vegetatlon category: enter number (1-9) 
of appropriate species l i s t  ( label  led S# on card 
back) i n  Sp column; enter 0 - 9 f ran Vegetat ion 
Dis t r ibut ion*  code i n  Dis t r .  colunn. 

Decimal a1 lowed as indicated. Do not enter 
w i t s .  



REACH DATA CARDS 

24 S t  age 
Flow Char. 
Val 1ey:chan 
Confinement 
Pat tern  
Vert. Stab. 
Side Chan 

Card Ref. No. 

25 Channel Debris, 
F loodp la in  Debris 

C i r c l e  appropr l a t e  category. 
FETfTow character: 2 categor ies okay; canmnt  
dbminant character. 
For v e r t l c a l  s t a b i l i t y :  use ? k e n  channel does 
not show c lea r  signs o f  e i t h e r  degrading or  
aggrading (i.e., i t  i s  probably i n  equ i l i b r i um)  
For re1 a t i v e  s ide channel abundance: 
N i l :  No side channels i n  reach , 

L: One o r  two side drannels' 
M: Side channels up t o  25% of  reach 
H: Zones of side channels w e r  25% o f  reach 

F i e l d  Name 

C i r c l e  appropr iate category. 
H I 1 : o  debr is 

L: Iso la ted b i t s ;  1 o r  2 clumps 
M: Few clumps; scattered pieces throughout 

reach 
H: Debris on most bars; large jans; y e a t e r  

than 25% o f  channel area covered. 

F i e l d  
L i m i t s  

26 Stable Debr is (%) 

2 7 T u r b i d i t y  

0 - 99 2 N I f  value i s  100%. enter  99. 

F i e l d  
Width 

C i r c l e  appropr iate category. 
T C r y s t a l  c lear;  g i n  c l e a r  

L: S l i g h t  t u r b i d i t y  but bottom can usua l l y  be 
seen i n  r i v e r s  less  than 2 m deep 

M: Bottom usua l l y  not  v i s i b l e  (i.e., 
v i s i b i l i t y  0.1-2 m) 

H: Less thanO. l  m of v i s i b i l i t y  

28 F ish  Summary 
Species 
Map 
Ref. 

F i e l d  
Type 

4 A Use "Fish Species - Mapped and Non-mapped' code 
1 A f o r  a l l  f i s h  sampled, known or  i n fe r red  to  be i n  
3 A/N , r e a c f i r  0 i s  a v a l i d  species (i.e.. it t e l l s  t h e  

F i e l d  and Data Ent ry  I ns t ruc t i ons  

Use max. o f  6 A user t h a t  sampling occurred but no f i s h  w r e  
3 uses caught). OS should not be used unless data are  

o l d  ( p r i o r  to 1980) 3 the actual f i s h  species - 
are unknorm. Use brackets ( ) to i n f e r  species 
o r  use. 
Use "Fish UseU code and "Agency/Reference* code 
t o  record Use and Ref. Code reference even i f  
obvious (e.9. code RAE o r  ASB, etc.  as appo -  
p r i a t e ) .  I nd i ca te  w i t h  a check mark ( ) o r  Y 
(yes) i f  map has zonal (spawing, rea r i ng )  i n f o r -  
mat ion. 
A l l  species on f i s h  o r  po in t  cards must appear i n  
t he  reach f i s h  summary. I f  m r e x a n  8 f i s h  
species, cont inue l i s t  on another card. I nd i ca te  
"continuedn on the f i r s t  card, re-enter mandator 
data on the second card ( i t e n s  1 to-% 
s tap le  cards together. 
Use c a  i t a l  l e t t e r s  to code data elements (e.9. 
CT, 

29 Stream Feature 
Type 
HT (m) 
Length (m) 

Use "Strean Features* codes to record strean 
ZZ99 4 A/N feature  type. Point, lake, water q u a l i t y  and 

water quan t i t y  alphabet ic codes are fo l lowed by a 
number ( 2 d i g i t s  maximum). Only the fea twe  
canment number and the feature  type are ac tua l l y  
keypunched f r o n  t h i s  data source. Since there  
may be m r e  than one feature  o f  a p a r t i c u l a r  type 
i n  a reach (e.g. 2 CS8s), t r y  to make f e a t v e  
canments e x p l i c i t .  

30 Reach S N o l  k s t  be i den t i ca l  to' symbol on map. Slopes are 
recorded to nearest 0.1% i f  less than 3% and t o  
nearest h o l e  % i f  equal to or  greater than 3%. 
Bed mater ia l  format fo l lows legend (see Reach 
Map Symbol, Table 1). not t h a t  of card re f .  20. 



REACH DATA CARDS 

Card Ref. No. 

3 1 Comments CX 999 A!N Nunbered canments (associated with parmeters) 
C99 500 A/N must be preceded by C, S or F. General canmnts 
S99 500 iUN (CX), as wel l  as l i k e  nunbered a t t r i bu te  
F99 300 A/N canments, are r m  together (concatenated) i n  

output so be clear, concise and use pmctuat ion 
(e.g. Ccmments wr i t ten i n  tabular format on the  
card w i l l  not appear tabular on output). Str ive 
fo r  b rev i t y  since the record length i s  l imi ted.  

F ie ld  Name F ie ld  
L imi ts  

F ie ld  
Width 

F ie ld  
Type 

Fie ld  and Data Entry Instruct ions 



REACH MAP SYMBOL 

2.  Example (Reoch Symbol) 

Applied t o  s t re-  reaches w i t h  f u l l  biophysical data 
ava i l ab le  i n  RAB Aquatic Data Base. 

Fish S p c i e s  ( w  Box 3 )  )/-- Rainbow t r ou t  (present) 

Rb ~ h t  (Co) ~ ~ ~ ~ ~ $ ~ ; ; ~ i O n )  

9 B 1.512341 

Channel Cmponents 
( n e  Box 4 )  

1 LB~ (substrate) M t e r i d s  
(see Ibx  5 )  

~ i d t h  = 9 metres F i n s  - 20X 
Val ley  f l a t  to c h n n e l  Gravds - Mi 

r a t i o n  i s  batrm 2 and 5 Larqes - 40% 
Avuage reach s l o p  1.51 Idrat - 101 

Mote: 1) where t he  channel o r  substrate c a p o n m t  i s  
m n - n d e ,  th s p b o l  i s  m d u l l w d .  

2) whem channel o r  substrate data has not been 
va r i f l ed  th synbol I s  p l r d  i n  p r m t h s i s .  

3. Fish Species 

1. Sport and C o v r c i a l  Spec la  #bbrwi r t lons 

Species Symbol Species 

Chinook s ~ l m o n  
Coho salmon 
Chml SdlmOll 
Pink salmon 
Sockeye salmon 
Kokann salmon 
R a i n b a  t r o u t  
Steel head trwt 
Cutthroat t r o u t  

(Coastal) 
Ye! l w s t o n e  
Cutthroat t r o u t  

Eastern Brook t r o u t  
Lake t r o u t  
Gen rn  B rom t r o u t  
B l r k  crappie 

Do l l y  Yardm Char 
Yh i t e f i sh  

(unspecif ied) 
Mountain 

H i t e f l s h  
Lake H i t e f i s h  
Gray l ing 
Largmouth bass 
Lnal l m u t h  bass 
N6rthern p i  k r  
Walleye p ike 

(P ickere l )  
V e l l a  perch 
Sturgeon 
L ing (Burbot) 
Carp 

2. OS - ind icates known but non-sport o r  n o n - c m e r c l d l  
SPCC~CS.  data bank nust be consulted for  canplete 
species l i s t .  

3. Sp - ind icates f i s h  observed but not ident i f ied.  

4. B - ind icates f i s h  not detected a t  t ime and place o f  
smpl ing.  

5. Ibsence o f  any f i s h  species synbol ind icates t h p  no 
sampling i n f o n a t i o n  r s  avai lable. 

6. (Co) - ind icates probable but unconf ined presence. 

7. Skf- ind icates redch used by species for  migrat ion on ly ,  
no res ldent  population. 

8. Mote: no spec i f ic  synbol ex i s t s  f o r  a barren stredm. 
Uhen such a condi t ion i s  suspected i t  may br ind icated by 
(6) which 1s an inference t ha t  g s k ~ p l i ~ i g  took place, f i s h  
w u l d  not be detected, 

4.  Channel Components 

I. Channel w id th  i n  metres. Equal t o  distance between 
rooted vegetation. inc lud ing islands. 

2. V ~ l l e y  f l a t  t o  channel ra t io .  T h  r a t i o  b e t w n  wid th  
of val l e y  n a t  and d d t h  o f  channel. 

R p  Oesignation Rat10 
A 0- 2 
B 2- 5 
C 5-10 
0 101 
E N/A (eg. Fan o r  de l t a )  

3. (e levat ion gainlredch length) ca lcu la ted as dn 
average f o r  the reach, expressed as a percentdge; 
measured f r m  topographic bdse map. 

>31 rounded o f f  t o  the nearest percent. 
(3% rounded o f f  t o  I decimal place. 

5 .  Bed (Subatrnte) Materiala 

Fines, gravels, larges and bedrock are l i s t e d  I n  sequence t o  
nearest 105. expressed as an integer. 

1. Fines ' Fa ;  mater ia ls  i n  the 0-2 m s i ze  class 
Gravels 'G'; materials i n  the 2-64 nn Size c lass 
Larger 'L ' ;  materials greater than 64 ma 
Bedrock ' R ' ;  consol idated mdter ia ls  

2. F. G .  L w R u s d  alone ind icates 90-1001 reach i s  i n  
t ha t  size class. 

3. A t race of bedrock (0-52) may be ~ n d i c a t e d  by R 
fo l lowing the 3 mater ia l  canponents (q. 25%). Traces 
(0-55) o f  fim, gravel. o r  l a rge  mater ia l  are ind icated 
by a.0 (eg. 0073). 



STREAM FEATURES 

ALLUVIAL SINK 

BLOCKS 

BRIDGE 

BEAVER DAM 

CANY 0 N 

CASCADE/CHUTE 

CULVERT 

CHANNELIZATION 

DISTRIBUTARY INFORMATION 

DYKE 

MAN MADE DAM 

EXTENT STREAM SURVEYED 

FORD 

UNKNOWN FALL .TYPE 

HABITAT IMPROVEMENT 

HEAD WATERS 

LAKE 

LOG 

SPAWNING ZONE 

POINT SAMPLE 

POND 

WATER QUANTITY S I T E  

WATER QUALITY S ITE  

REACH - DETAILED 

REACH - NON- DETAI LED 

ROCK 

RAILWAY CROSSING 

ROAD CROSSING 

SPRING 

START OF THE SURVEY 

TRIBUTARY WITH INFO 

SURVEY TERMINATION 

SUBSURFACE FLOW 

UPPER ZONAL BOUNDARY 

VELOCITY 

WETLAND 

SLUMP 

DEBRIS ACCUMULATION 

FLOODjSIDE CHANNEL ZONE 



VEGETATION DISTRIBUTION 

NO PLANTS OBSERVED 

RARE INDIV IDUAL PLANT 

A FEW SCATTERED INDIVIDUALS 

SINGLE PATCH OF SPECIES 

SEVERAL SCATTERED INDIVIDUALS 

FEW (SMALL) PATCHES 

SEVERAL WELL SPACED PATCHES 

CONTINUOUS COVER OF WELL SPACED INDIV IDUALS 

CONTINUOUS DENSE COVER WITH A FEW SMALL OPENINGS 

CONTINUOUS DENSE COVER UNINTERRUPTED 

FLOW CHARACTER 

BROKEN B 

PLACID P 

ROLLING R 

SWIRLING S 

TUMBLING T 



S e l e c t e d  Parameter 

D e f i n i t i o n s  Used 

On Reach Data Cards 



pattern (R24) - The channel pattern of a reach described in terms of i t s  
relative meander curvature as follows: 

S t  - straight - very l i t t l e  curvature within the reach. 
Sin - sinuous - slight curvature within a belt of less t h a n  
approximately two channel widths. 
I r  - irregular - no repeatable pattern. 
In1 - irregular meander - a repeated pattern i s  vaguely present in the 
channel plan. The angle between the channel and the general valley 
trend i s  less t h a n  90". 
Rm - regular meanders - characterized by a clearly repeated pattern. 
Tm - tortuous meanders - a more or less repeated pattern 
characterized by angles greater t h a n  90". 

- d 

Straight Sinuous 

Irregular Irregular meander 

Regular meander Tortuous meander 

valley: chan (P31 ,R24) - The ratio of the width of the valley f l a t  (e.g. 80 
m) t o  the width of the dannel (e.g. 20 m )  i s  cal culated (e.g. 80120 
= 411). The numerator of the reduced ratio ( 4 )  i s  grouped into one 
o f  the following classes: 0-2, 2-5, 5-10, 10+ or not applicable 
(e.g. a delta). In  a reach map symbol these are characterized by 
A,B,C ,D,E respectively. 

vertical stability (R24) - An indication of the 'net effect over a long 
time period of processes of deposition or scour of the stream bed in 
a reach. Described either as degrading (Deg), aggrading (Agr), not 
obviously aggradi ng or degrading ( 3 )  and not appl i cable. 



confinement (R24) - The degree to which the r iver  channel i s  limited in 
i t s  la teral  movement by r e l i c  terraces or valley walls. The channel 
i s  e i ther :  

entrenched - The stream bank i s  in continuous contact (coincident) 
with valley walls or terraces (see entrenchment). 

confined - In continuous or repeated contact a t  the outside of major 
meander bends. 

frequently confined - Frequently confined by the valley wall o r  
terraces.  

occasionally confined - Occasionally confined by the valley wall o r  
terraces. 

unconfined - Not touching the valley wall or terraces.  
not applicable - No valley wall exists.  
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F i g u r e  8-1 

S t r eam D e s c r i p t i o n :  South  > lacmi l l an  R i v e r  
Watershed Code Number: 64-1600-710 

Reach Number: R 2 1  
Reach Symbol: G r 

12D 0.61 1180 

Reach Card Data: Date :  1981-08-19 

( a )  A c t i v e  V a l l e y  Wall P r o c e s s :  Debr i s  Flow (L) 
( b )  Bar P r e s e n c e :  S i d e / P o i n t  ( L ) ;  Lee ( L )  
( c )  L a t e r a l  Channel  Xovement: Apparen t ly  S t a b l e  ( p )  Unseable  Banks ( % ) :  10-20 
( d )  T o t a l  P o o l s  (%) :  10% ( q )  Bedrock c o n t r o l  ( X ) :  0 
( e )  Channel  Cover:  Crown ( %  A r e a ) :  0 D i s t r i b u t i o n :  - 

Overhang ( 2  A r e a ) :  T race  D i s t r i b u t i o n :  2 
( £ 1  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  Con i f e rous  ( 2 ) ;  Decid. ( 2 ) ;  TJnderstary ( 8 ) ;  Ground ( 8 )  
(g )  S t a g e :  L 
( h )  Flow C h a r a c t e r i s t i c s :  B 
( i )  Confinement:  Oc 
(j) P a t t e r n :  Im 
( k )  V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  L 
(m) Channel  Debr i s :  L ; F l o o d p l a i n  Debr i s :  L ; S t a b l e  D e b r i s :  50 
( n )  T u r b i d i t y :  ?I 
( 0 1  O b s e r v a t i o n s  and comments : 

- A r c t i c  g r a y l i n g  c a p t u r e d  i n  r each .  
- one f r y - s i z e  f i s h  obse rved  i n  s i d e  c h a n n e l  i n  r e a c h .  
- modera te  q u a l i t y  f i s h  h a b i t a t  and o v e r w i n t e r i n g  p o t e n t i a l .  



S t r e a m  D e s c r i p t i o n :  Sou th  !Lacmillan R i v e r  
Watershed  Code Number: 64-1600-710 

Reach Number: R22 
Reach Symbol: if 

11D 0.61 2440 

Reach Card Da ta :  Date:  1981-08-20 

( a )  A c t i v e  V a l l e y  Wall P r o c e s s :  S l i d e  (i) 
( b )  Bar P r e s e n c e :  S i d e / P o i n t  (r1);hli.d-Channel ( L ) ; T r a n s v e r s e  ( L ) ; J u n c t i o n  (L); I s l a n d s  ( L )  

3 a r  Veg. P r o g r e s s i o n s  - ( L ) ; C u t o f f s / O x  Bows-(L);!!eander S c a r s  (L) ;Avuhs ions-Yes  
( c )  L a t e r a l  Channel  !!overnent: A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  Sanks ( Z )  : 5 
( d )  T o c a l  P o o l s  ( 7 : ) :  2 5 2  ( q )  Bedrock c o n t r o l  (3: O 
( e )  Channel  Cover :  Crown ( %  A r e a ) :  0 D i s t r i b u t i o n :  - 

Overhang ( 2  Area)  : 2  D i s t r i b u t i o n :  6 
( f )  R i p a r i a n  V e g e t a t ~ o n  ( D i s t ) :  C o n i f e r o u s  ( 4 ) ; D e c i d .  ( + ) ; U n d e r s t o r y  ( 8 ) ; G r o u n a  (6) 
( 2 )  S t a g e :  I, 
( h )  Flow C h a r a c t e r i s t i c s  : X 
(i) Conf inement :  Oc 
( j )  P a t t e r n :  Lm 
( k )  V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S l d e  c h a n n e l s :  L 
(m) Channel  D e b r i s :  L  ; F l o o d p l a i n  D e b r i s :  L  ; S t a b l e  D e b r i s :  80% 
( n )  T u r b i d i t y :  21 
( 0 )  O b s e r v a t i o n s  and comments : 

- r e a c h  a p p e a r s  t o  have s u i ~ a b l e  f i s h  h a b i t a r :  f o r  spawning ,  f e e d i n g  and o v e r w i n t e r i n g .  
- e l e c t r o s h o c k i n g  produced  no f i s h  d u r i n g  s ampl ing  program. 



F i g u r e  8-3 

S t r eam D e s c r i p t i o n :  Unnamed T r i b  - Sou th  Nacmil lan  R. Reach Number: R2 
Watershed  Code Number: 64-1600-710-900 Reach Symbol: if 

.5D 111 3610 

Reach Card Data: Date:  1981-08-19 

( a )  A c t i v e  Va l l ey  Wall P r o c e s s :  N i l  
( b )  Bar P r e s e n c e :  N i l  
( c )  L a t e r a l  Channel  Ilovement: Apparen t ly  S t a b l e  ( p )  Uns tab le  Banks (%) :  0 
( d )  T o t a l  P o o l s  ( % ) :  ? ( q )  Bedrock c o n t r o l  (%) :  0 
( e )  Channel  Cover: Crown ( %  Area ) :  0  D i s t r i b u t i o n :  0 

Overhang (% A r e a ) :  100 D i s t r i b u t i o n :  9 
( f )  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  ( 2 )  ;Decid .  (0) ; U n d e r s t o r y  ( 9 )  ;Ground ( 9 )  
(g)  S t a g e :  L 
(h)  Flow C h a r a c t e r i s t i c s :  T  
( i )  Confinement:  Un 
( j )  P a t t e r n :  Ir 
( k )  V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  N i l  
( m )  Channel  D e b r i s :  L ; F l o o d p l a i n  D e b r i s :  L ; S t a b l e  D e b r i s :  (%)-50 
( n )  T u r b i d i t y :  L 
( 0 )  O b s e r v a t i o n s  and comments : 

- s t r e a m  h e a v i l y  u n d e r c u t s  and is overgrown by u n d e r s t o r y  and ground v e g e t a t i o n .  
- v a l u e s  f o r  some s t r e a m  p a r a m e t e r s  q u e s t i o n a b l e  due t o  e x t e n s i v e  and heavy 

v e g e t a t i v e  ove rg rowth .  - some e r o s i o n  and s t r e a m  s e d i m e n t a t i o n  e v i d e n t  due t o  d r i l l i n g  a c t i v i t y  on J a s o n  
Ridge.  

- poor  q u a l i t y  f i s h  h a b i t a t ;  no o v e r w i n t e r i n g  p o t e n t i a l .  



F i g u r e  8-4 

S t r e a m  D e s c r i p t i o n :  S e ~ i e  Creek  41 Reach Number: R l  
Watershed  Code Yumber : 64-1600-7 10-910 Reach Symbol: * 

Reach Card Da ta :  D a t e :  1981-08-19 

( a )  A c t i v e  V a l l e y  Wall P r o c e s s :  X i 1  
( b )  8 a r  P r e s e n c e :  S i d e / P o i n t  ( L ) ;  > l id  Channel  ( L ) ;  T r a n s v e r s e  ( L )  
( c )  L a t e r a l  Channel  2.lovement: A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  Banks ( 2 ) :  10 
( d )  T o t a l  P o o l s  ( % ) :  20% ( q )  Bedrock c o n t r o l  ( 2 ) :  O 
( e )  Channel  Cover :  Crown ( E  A r e a )  : - D i s t r i b u t i o n :  - 

Overhang ( 2  A r e a ) :  20 D i s t r i b u t i o n :  d 
( f )  R i p a r i a n  V e g e t a t r o n  ( D i s t ) :  U n d e r s t o r y  (8); Ground ( 9 )  
( g )  S t a g e :  L 
(h) Flow Characteristics: 3 
( i )  Conf inement ;  Un 
(j) P a t r e r n :  Im 
( k )  V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  L 
(m) Channel  D e b r i s :  L ; S l o o d p l a i n  D e b r i s :  X i 1  ; S t a b 1 2  D e b r i s :  S O X  
( n )  T u r b i d i t y :  :u'il 
( 0 )  O b s e r v a t i o n s  and comments : 

- s t r e a m  used  a s  w a t e r  s u p p l y  f o r  C o r d i l l e r a n  E n g i n e e r i n g  base  camp. 
- e l e c t r o s h o c k i n g  produced  no f i s h .  



F i g u r e  3-5 

S t r eam D e s c r i p t i o n :  S e k i e  Creek  
U a t ~ r s h e d  Code Number: 64-1600-710-910 

Reach Number: 3.2 
Reach Symbol: 

d 8 ~  

Reach Card Da ta :  

( a )  A c t i v e  V a l l e y  Wall P r o c e s s :  Deb r i s  Flow (L) 
( b )  aar P r e s e n c e :  N i l  
( c )  L a t e r a l  Channel  Xovement: A p p a r e n t l y  S t a b l e  (2) U n s t a b l e  Banks ( 2 ) :  11 
( d )  T o t a l  P o o l s  ( ' L ) :  0 ( q )  'dedrock c o n t r o l  ( X ) :  0 
( e )  Channel  Cover :  Crown ( %  A r e a ) :  5 a i s t r i b u t i o n :  i 

Overhang ( Z  Area)  : 10 D i s  t r i b u t i o n :  7 
( f )  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  ( 5 ) ; D e c r d .  ( 4 ) ; U n d e r s t o r y  ( 7 ) ; G r o u n d  ( 8 )  
( g )  S t a g e :  L 
( h )  Flow C h a r a c t e r i s t i c s :  T 
( i )  Conf inement :  Un 
( j )  P a t t e r n :  Ir 
(k) V e r t i c a l  S t a b ~ l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  L 
( m )  Channel  D e b r i s :  )I ; F l o o d p l a i n  D e b r i s :  L ; S t a b l e  D e b r l s :  50% 
( n )  T u r b i d i t y :  N i l  
( 0 )  O b s e r v a t i o n s  and comments : 

- s t r e a m  used  as w a t e r  s u p p l y  f o r  C o r d i l l e r a n  E n g i n e e r i n g  base  camp. 
- s t r e a m  n o t  s u i t a b l e  f i s h  h a o i t a t  due t o  s t e e p  g a d i e n t  and no p o l s .  



F i g u r e  3-6 

S t r e a m  D e s c r i p t i o n :  Tom C r e e k  Reach Number: '2.2 
W a t e r s h e d  Code !lumber : 6b- 1600-7 10-930 Reach Symbol:  8' 

.3D 251 RX 

Reach Card D a t a :  B a t e :  1981-08-19 

A c t i v e  V a l l e y  Wal l  P r o c e s s :  S l i d e  (L) 
3 a r  P r e s e n c e :  N i l  
L a t e r a l  C h a n n e l  >!ovement: A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  Sanks ( Z ) :  0 
T o t a l  P o o l s  ( 2 ) :  10 ( q )  3 e d r o c k  c o n t r o l  ( X ) :  O 
C h a n n e l  C o v e r :  Crown ( 2  A r e a ) :  - D i s t r i b u t i o n :  - 

Overhang (:< A r e a )  : 10 D i s t r i b u t i o n :  5 
R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  U n d e r s t o r y  ( 7 ) ;  Ground (9) 
S t a g e :  Low 
Flow C h a r a c t e r i s t i c s :  3 
C o n f i n e m e n t :  En t  
P a t t e r n :  Ir 
V e r t i c a l  S t a b i l i t y :  Agr 
S i d e  c h a n n e l s :  L 
C h a n n e l  D e b r i s :  L ; F l o o d p l a i n  3 e b r i s :  >! ; S t a b l e  D e b r i s :  302 
T u r b i d i t y :  N i l  
O b s e r v a t i o n s  and comments : 
- R* - b o u l d e r  and g r a v e l  s u b s t r a t *  cemented  t o g e t h e r  w i t h  i r o n  r i c h  p r z c i p i t a t e  t o  forlr  

b e d r o c k  - L i k e  s t u b s t r a t e .  
Z n t s r s t i c e s  a b s e n t  b e t w e e n  r o c k s .  



F i g u r e  5-7 

S t r e a m  D e s c r i p t i o n :  S e k i e  Creek  :I2 Reach Number: R2 
Watershed  Code Number: 64-1600-710-940 Reach Symbol: 4- 

3 D  201 0280 

a 1 

Reach Card Da ta .  

82 

D a t e :  1981-08-20 

A c t i v e  V a l l e y  Wall  P r o c e s s :  S l i d e  ( L ) ;  G u l l y  (i) 
Bar P r e s e n c e :  Nil 
L a t e r a l  Channel  rlovement: A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  3anks  ( X ) :  O 
T o t a l  P o o l s  ( % )  : 10 ( q )  Bedrock c o n t r o l  ( Z ) :  O 
Channel  Cover:  Crown ( 2  A r e a ) :  0  D i s t r i b u t i o n  : - 

Overhang ( 7 ;  Area )  : 0 D i s t r i b u t i o n :  - 
X i p a r i a n  V e g e t a t i o n  ( D i s t ) :  Conif  ( & ) ; D e c i d .  ( 0 ) ; U n d e r s t o r y  ( 6 ) ; G r o u n d  ( b )  

S t a g e :  L 
Flow C h a r a c t e r i s t i c s :  B 
Conf inement  : Oc 
P a t t e r n :  I r  
V e r t i c a l  S t a b i l i t y :  Degrading  
S i d e  c h a n n e l s :  N i l  
Channel  D e b r i s :  L ; F l o o d p l a i n  D e b r i s :  i ; S t a b l e  D e b r i s :  ( 2 )  - 100 
T u r b i d i t y :  !1 
O b s e r v a t i o n s  and comments : 
- no r e a c h  d a t a  c o l l e c t e d  f o r  R1 due t o  e x t e n s i v e  a l t e r n a t i o n s  t o  s t r e a m  c n a n n e l  

c a u s e d  by nea rby  g r a v e l  c r u s h i n g  o p e r a t i o n  & a i r s  t r i p  e x t e n s i o n .  
- new road c o n s t r u e s i o n  has  o c c u r r e d  a l o n g  R2 c a u s i n g  i n c r e a s i n g  t u r b i d i t y .  
- t u r b i d i t y  e v i d e n t  d u r i n g  r a i n s .  
- s t r e a m  has  been e x t e n s i v e l y  i a p a c t e d  by road  and a i r s t r i p  cons t ruc : i on  and upstzarn 

e x p l o r a t i o n  a c t i v i t y .  



F i g u r e  3-8 

S t r eam D e s c r i p t i o n :  i l ess  U v e r  T r i b u t a r y  
Watershed  Code Number: 62-6030-405-100 

Xeach Xumbe r : a3 
Reach Symbol: @ 

3D 1.31 0190 

Reach Card Da ta :  D a t e :  1981-08-19 

( a )  A c t i v e  V a l l e y  Val1 P r o c e s s :  D e b r i s  f l o w  ( L )  
( 5 )  3 a r  P r e s e n c e :  N i l  
( c )  L a t e r a l  Channel  ?Iovement: A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  Banks ( 2 ) :  10 
( d )  T o t a l  P o o l s  ( % ) :  10 ( q )  aed rock  c o n t r o l  ( 2 ) :  0 
( 2 )  Channel  Cover :  Crown ( 2  A r e a ) :  0 D i s t r i b u t i o n :  9 

Overhang ( 2  A r e a j  : 20 D i s t r i b u t i o n :  6 
( f )  Xipariara  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  ( 2 ) ; D e c i d .  ( 1 3 ) ; U n d e r s t o r y  ( 3 ) ; C r o u n d  (8) 
( g )  S t a g e :  L 
( h )  Flow C h a r a c t e r i s t i c s :  T 
( i )  Conf inement :  Oc 
( j )  P a t t e r n :  I r  
(k) V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  N i l  
(m) Channel  D e b r i s :  L ; F l o o d p l a i n  D e b r i s :  L , S t a b l e  D e b r i s :  (::) 80 
( n )  T u r b i d i t y :  X i E  
( 0 )  O b s e r v a t i o n s  and comments: 

- s t r e a m  has  h igh  g r a d i e n t  i n  t h i s  r e a c h  and has n e g l i g i b l e  h o l d i n g  w a t e r  f o r  f i s h .  
- a  s i n g l e  t e r r a c e  is  Loca ted  i n  v a l l e y .  
- poor  f i s h  h a b i t a t  and o v e r w i n t e r i n g  p o t e n t i a l .  



F i g u r e  5-9 

S t r e a m  D e s c r i p t i o n :  Nidd C r e e k  Reach  Xumber: R1 
W a t e r s h e d  Code Xumber: 62-0030-405-100-160 Reach Symbol:  

Reach Card D a t a :  D a t e :  1981-08-19 

( a )  A c t i v e  V a l l e y  Wall  P r o c e s s :  D e b r i s  Flow (L) 
( b )  Bar P r e s e n c e :  Y i l  
( c )  L a t e r a l  C h a n n e l  !lovenent : A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  3anks  (O;): LO 
( d )  T o t a l  P o o l s  ( Z ) :  10 ( q )  Bedrock  c o n t r o l  ( ? ) :  0 
( 2 )  C h a n n e l  C o v e r :  Crown ( X  A r e a )  : 20 D i s t r i b u t i o n :  5 

Overhang ( %  A r e a ) :  40 Dls t r i b u t i o n :  3 
( f )  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  ( 6 ) ; U e c i d .  ( 7 ) ; U n d e r s t o r y  ( 3 ) ; C r o u n d  ( 3 )  
( g )  S t a g e :  L 
( h )  Flow C h a r a c t e r i s t i c s :  T 
( i )  C o n f i n e m e n t :  Oc 
( j )  P a t t e r n :  Lr 
(k) V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  N i l  
(m) C h a n n e l  D e b r i s :  L ; F l o o d p l a i n  D e b r i s :  L  ; S t a b l e  D e b r i s :  (Z)-50 
( n )  T u r b i d i t y :  !1 
( 0 )  O b s e r v a t i o n s  and comments : 

- Cominco camp and d r i l l i n g  s i t e s  n e a r  Nidd C r e e k  o c c a s i o n a l i y  c o n t r l b u r e  t o  
i n c r e a s e d  t u r b i d i t y  I n  s t r e a m .  ( S e e  P h o t o g r a p h s  -.-6, 1--.J 

- n e g l i g i b l e  f i s n  h o l d i n g  w a t e r  and o v e r d n t e r i n g  p o t e n t i a l .  



F i g u r e  3-10 
- - 

S t r e a m  D e s c r i p t i o n :  Hess R i v e r  T r i b u t a r y  Reach Number: '24 
W a t s r s n e d  Code Number: 62-6030-405-100 Xeach Symbol:  

Reach Card D a t a :  D a t e :  1981-08-!'3 
- 

( a )  A c t i v e  V a l l e y  !daPl P r o c e s s :  3 e b r i s  Flow (L) 
( b )  iiar P r e s e n c e :  S i d e I P o i n t  (L) 
( c )  L a t e r a l  C h a n n e l  Xovement:  A p p a r e n t l y  S t a b l e  ( p )  U n s t a o i e  Sanks  ( 2 ) :  7 
( d )  T o t a l  P o o l s  ( Z ) :  10 ( q j  Bedrock c o n t r o l  ( Z )  :0 
( e )  C h a n n e i  C o v e r :  Crown ( 2  A r e a ) :  0 D i s t r i b u t i o n :  3 

Overhang ('i A r e a ) :  30 D 1 s : r i 3 u t i o n :  Q 

( f )  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  ( 1 ) ;  Decid ( 2 ) ;  U n d e r s t o r y  ( 7 ) ;  Ground ( d )  
( g )  S t a g e :  L  
( h )  Flow C h a r a c t e r i s  t i c s  : 3 
( i )  C o n f i n e m e n t :  Un 
( j )  P a t t e r n :  Ir 
( k )  V e r c i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  N i l  
(rn) C h a n n e l  D e b r i s :  L ; Floodplain D e o r i s :  L ; S t a b l e  3 e b r i s :  (;L) 90  
( n )  Turbidity: L 
( 0 )  O b s e r v a t i o n s  and comments:  

- a c t i v e  b e a v e r  dam c o n s t r u c t i o n  o c c u r r i n g  i n  t h i s  r e a c h .  
- low q u a l i t y  f i s h  h a b i t a t  and low o v e r w i n t e r i n g  p o t e n t i a l  due t o   lac^ of p o o l s  a n d  

s h a l l o w  w a t e r .  



F i g u r e  3-11 

S t r eam D e s c r i p t i o n :  Hess R i v e r  T r i b u t a r y  
Watershed  Code >lumber: 62-6030-405-100-190 

Reach Number: R5 
?.each Symbol: 8 

4C 1.31 0190 

Reach Card 2 a t a :  D a t e :  1981-08-19 
- - 

( a )  A c t i v e  V a l l e y  Wall P r o c e s s :  N i l  
( b )  8 a r  P r e s e n c e :  N i l  
( c )  L a t e r a l  Channel  !Iovement: Appa ren t ly  S t a b l e  ( p )  UnstabLe Banks (:L) : 10 
( d )  T o t a l  P o o l s  ( 2 ) :  10 ( q )  8 e d r a c k  c o n t r o l  ( % ) :  0 
( e )  Channel  Cover :  Crown ( 4  A r e a )  : 0  D i s t r i b u t i o n :  9 

Overhang ( 2  A r e a ) :  30 D i s t r i b r i t i c n :  6 
( f )  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  ( 2 ) ; D e c i d .  ( ? ) ; U n d e r s t o r y  (6 ) ;Ground  (8) 
( g )  S t a g e :  L 
( h )  F l o w  C h a r a c t e r i s t i c s :  T 
( i) Con£ inemen t  : Conf 
( J )  P a t t e r n :  Ir 
( k )  V e r t i c a l ,  S t a b i l i t y :  Deg. 
( 1 )  S i d e  c h a n n e l s :  N i l  
(in) Channel  D e b r i s :  L ; F l o o d p l a i n  D e b r i s :  N i l  ; S t a b l e  D e b r i s :  (::) - 
( n )  T u r b i d i t y :  Xi1 
( a )  O b s e r v a t i o n s  and comments : 

- a e l t w a r e r  s t r e a m  w i t h  h i g h  g r a d i e n t .  
- no f i s h  h o l d i n g  v a t e r .  
- v e r y  c o l d  and u n p r o d u c t i v e .  



F i g u r e  B-12 
- - 

S t r e a m  D e s c r i p t i o n :  B e s s  R i v e r  T r i b u t a r y  Reach Number: R6 
h ' a t e r s h e d  Code Number: 62-6030-405-100-190 Reach Symbol : S 

4 X  1.61 '3190 

Reach Card D a t a :  D a t e :  1981-08-99 

( a )  A c t i v e  V a l l e y  7a l l  P r o c e s s :  D e b r i s  Flow 0 1 )  
( b )  Bar P r e s e n c e :  Y i l  
( c )  L a t e r a l  C h a n n e l  ?lovernent:  A p p a r e n t l y  S t a b l e  ( p )  U n s t a b l e  &inks ( Z ) :  30 
( d )  T o t a l  T o o l s  ( ' L ) :  20 ( q )  a e d r o c k  c o n t r o l  ( X ) :  O 
( e )  Channe l  C o v e r :  Crown ( %  A r e a )  : 0 D i s t r r b u t l o n :  - 

Overhang A r e a ) :  9 D i s t r i b u t i o n :  3 
( f )  R i p a r i a n  V e g e t a e l o n  ( D i s t )  : Xone 
( g )  S t a g e :  L 
( h )  F l o w  C h a r a c t e r i s t i c s :  T  
( i )  C o n f i n e m e n t  : Conf 
( j )  P a t t e r n :  Lr 
( k )  Vertical S t a b i l i t y :  DegG 
(1) S i d e  c h a n n e l s :  Nil 
( m )  C h a n n e l  D e b r i s :  N i l  ; F l o o d p l a i n  D e o r i s :  Nil ; S t a ~ l e  D e b r i s :  ('L) - 
(n) T u r b t d i t y :  N i l  
( o )  O b s e r v a t i o n s  and comments:  

- numerous c a s c a d e s  and small w a t ? . r f d l l s  i n  r e a c h  t h a t  c o u l d  be ? o t e n t i a l  f i s h  
a i g r a t i o n  b a r r i e r s .  

- n e g l i g i b l e  f i s h  h o l d i n g  w a t e r  o r  o v e r v i n t e r i n g  p o t e n t i a l .  



F i g u r e  B-13 

S t r e a m  D e s c r i p t i o n :  Hess R i v e r  T r i b u t a r y  
J a t e r s h e d  Code Number: 62-6030-405-100-i90 

Reach Number: X7 
Reach Symbol:  

Reach Card D a t a :  Date: 1951-98-19 
- 

( a )  A c t i v e  V a l l e y  Wall  P r o c e s s :  D e b r i s  Flow ( L )  
( 5 )  aar P r e s e n c e :  N i l  
( c )  L a t e r a l  C h a n n e l  Xovement:  X p p a r s n t l y  S t a b i e  ( p )  U n s t a b l e  Banks ( % ) :  10 
( d )  T o t a l  P o o l s  ( % ) :  10 ( q )  Bedrock c o n t r o l  ( 7 : ) :  0 
( e )  C h a n n e l  C o v e r :  Crown ( 2  A r e a ) :  0 D i s t r i b u t i o n :  0 

Overhang ( 2  A r e a ) :  10 D i s t r i b u t i o n :  5 
(i) R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  C o n i f e r o u s  (5);Decid. ( 1 ) ; U n d e r s t o r y  ( 5 ) ; G r o u n d  ( 6 )  
( g )  S t a g e :  L 
( h )  Flow C h a r a c t e r i s t i c s :  T  
( i )  C o n f i n e m e n t :  Un 
( j )  P a t t e r n :  Ir 
( k )  V e r t i c a l  S t a b i l i t y :  Beg. 
(1,) S i d e  c h a n n e l s :  X i 1  
(m) C h a n n e l  D e b r i s :  X i 1  ; F l o o d p l a i n  D e b r i s :  N i l  ; S t a b l e  D e b r i s :  (7:) - 
( n )  T u r b i d i t y :  3i.l 
( o )  O b s e r v a t i o n s  and comments : 

- n e g l i g i b l e  f i s h  h o l d i n g  w a t e r  o r  o v e r w i n t e r i n g  p o t e n t i a l .  



F i g u r e  8-14 
= 

Stream D e s c r i p t i o n :  Unnamed T r i b u t a r y  t o  Xess R. T r i b .  Reach Number: R2 
Watershed  Code Number: 62-6030-405-180-010 Reach Symbol: 

Reach Card Data: Date: 1981-08-19 

( a )  A c t i v e  V a l l e y  Wall P r o c e s s :  S l i d e  (L) 
( b )  Bar Presence :  S i d e I P o i n t  (L)  
( c )  L a t e r a l  Channel  Xovement : Apparen t ly  S t a b l e  ( p )  U n s t a b l e  Banks ( % ) :  0 
( d )  T o t a l  P o o l s  ( 2 ) :  20 ( q )  Bedrock c o n t r o l  ( % ) :  0 
( e )  Channel  Cover:  Crown ( %  A r e a ) :  0  D i s t r i b u t i o n :  0 

Overhang ( %  A r e a ) :  20 D i s t r i b u t i o n :  6 
( f )  R i p a r i a n  V e g e t a t i o n  ( D i s t ) :  Con i f e rous  ( 2 ) ; D e c i d .  ( 2 ) ; U n d e r s t o r y  (6) ;Ground ( 9 )  
( g )  S t a g e :  L  
( h )  Flow C h a r a c t e r i s t i c s :  B 
( i)  Confinement:  Oc 
( j )  P a t t e r n :  Ir 
( k )  V e r t i c a l  S t a b i l i t y :  ? 
( 1 )  S i d e  c h a n n e l s :  N i l  
( m )  Channel  Debr i s :  N i l  ; F l o o d p l a i n  D e b r i s :  N i l  ; S t a b l e  Debr i s :  ( 2 ) -  
( n )  T u r b i d i t y :  N i l  
( 0 )  O b s e r v a t i o n s  and comments : 

- r e a c h  l o c a t e d  above w a t e r f a l l .  
- no p o t e n t i a l  as f i s h  h a b i t a t .  



APPENDIX C 

MACROBENTHOS 

DATA 



TABLE C-1 

Organisms C o l l e c t e d  i n  S u r b e r  Samples 

Anne1 i d a  

Oligochae ta  o,o, 1 

A r  thropoda 

I n s e c t a  
P l e c o p t e r a  5,3,4 2,0,0 

P e r l o d i d a e  3,0,0 
Megarcys 0,0,1 

C h l o r o p e r l i d a e  9,1,3 3,0,0 
Nemour i d a e  1,0,0 

Zapada 6 , 1 , 3  1 ,o,o 
Taeniop t e r i g i d a e  0 ,3 ,1  

Doddsia O S O , ~  

T r i c h o p t e r a  
Rhyacophi l idae  

Rhyacophila o,o,  1 
Limnephi l idae  

Ecc l i somyia  

D i p t e r a  
Chironomidae 5,15,7 O , l , l  
T i p u l i d a e  2,0,2 
Empididae 

NOTE: Numbers s e p a r a t e d  by commas r e p r e s e n t  r e p l i c a t e s .  



TABLE C-2 

Organisms C o l l e c t e d  i n  Po t  Samplers  

Annelida 

O l i g o c h a e t a  

Arthropoda 

I n s e c t a  
P l e c o p t e r a  

P e r l o d i d a e  
C h l o r o p e r l i d a e  
Nemour i d a e  

Zapada 

T r i c h o p t e r a  
Limnephil  i d a e  

Ecc l i somyia  

D i p t e r a  
Chironomidae 
T i p u l i d a e  
Empididae 
Lep idop te ra  

Collembola 
I s o  tomidae 

Note: Numbers s e p a r a t e d  by commas r e p r e s e n t  r e p l i c a t e s .  

SM1, SM2 & SM3 - R e s u l t s  of 2 sample r s  
SM4 & H R l  - R e s u l t s  o f  3 pot  sample r s  



ADDENDA --- 

Page - 

3 .21  . 3  shou ld  be  .22 

3 .25 321 Water Chemistry 

- 3  Comparison t o  Other  Data (add between 2nd and 3rd p a r a g r a p h s ) .  

I n  a  s t u d y  on t h e  c o n t i n e n t a l  d i v i d e  abou t  5 m i l e s  North  of 
Macmillan P a s s ,  Sergy e t  a 1  (1976) showed t h a t  C i rque  Lake and 
nearby mountain s t r e a m s  had more n e u t r a l  w a t e r s  w i t h  lower  
m e t a l s  c o n t e n t s .  Data from Howard's P a s s  (Arch iba ld  and Burns 
1981) i n  a  headwate r s  r e g i o n  30 m i l e s  t o  t h e  s o u t h e a s t  of  J a s o n ,  
showed samples  from 7  s i t e s  a s  be ing  v e r y  s i m i l a r  t o  t h e  
a l k a l i n e  screams of t h e  J a s o n  a r e a .  They had s i m i l a r  low l e v e l s  
of m e t a l s  and a l s o  had t h e  low l e v e l s  of  n i t r o g e n o u s  n u t r i e n t s  
expected a t  J a s o n  b u t  n o t  y e t  ana lysed  f o r .  No a c i d  s t r e a m s  
were no ted  i n  t h a t  a r e a .  The Environmental  P r o t e c t i o n  S e r v i c e  
(1978) s h o w ~ d  s i m i l a r  low l e v e l s  of m e t a l s  i n  t h e  v i c i n i t y  o f  
United Keno H i l l  Mines a t  E l s a .  Baker (1979) and B e t h e l 1  and 
Davidge (1981) p r o v i d e  s e v e r a l  y e a r s  of w a t e r  c h e m i s t r y  d a t a  
from s t r e a m s  i n  t h e  r e g i o n  of t h e  Cyprus Anvi l  mine n e a r  Faro .  
While t h e  emphasis was upon impac t s  of t h e  mine upon c r e e k  w a t e r s ,  
measurements from u n a f f e c t e d  a r e a s  were similar t o  t h o s e  from 
J a s o n .  The o t h e r  s i t e s  i n  T a b l e  3-8 a r e  f a r t h e r  away t h a n  
t h e s e  f o u r ,  and a r e  n o t  i n  t h e  Selwyn Mountains.  

3 . 3 1  322 Sediment Chemistry 

. 3  Comparison w i t h  Other  Data ( r e p l a c e  e x i s t i n g  p a r a g r a p h ) .  

Sediment from t h e  Howard's P a s s  a r e a  (Arch iba ld  and Burns 1981) ,  
ana lysed  f o r  e i g h t  e l e m e n t s ,  showed g e n e r a l l y  s i m i l a r  l e v e l s  of 
m e t a l s  e x c e p t  f o r  Vanadium and  z i n c .  For  b o t h  of t h e s e  t h e  
l e v e l s  a t  ~ o w a r d ' s  P a s s  were  over  t w i c e  t h o s e  a t  J a s o n ,  
a l t h o u g h  amounts were  s t i l l  q u i t e  low. Sediments  from T a g i s h  
Lake (Robson and Weagle 1978) which r e c e i v e d  e f f l u e n t  from t h e  
now abandoned Venus mine,  show s i m i l a r  l e v e l s  of  z i n c  a s  t h e s e  
samples b u t  somewhat h i g h e r  l e v e l s  of  l e a d  and mercury.  
J a c k  (1981) ana lysed  samples  i n  t h e  same r e g i o n  and found 
e l e v a t e d  l e v e l s  of cadmium, l e a d  and z i n c  i n  t h e  a r e a s  n e a r  
t h e  former t a i l i n g s  pond. 

332 Ben th ic  I n v e r t e b r a t e s  

3-42 . 3  Comparison w i t h  Other  Data (add a t  end) 



Other  s t u d i e s  of b e n t h i c  i n v e r t e b r a t e s  i n  s t reams  of nearby 
a r e a s  (Archibald  and Burns 1981, Baker 1979, EPS 1978, Sergy 
e t  a 1  1976) showed g r e a t e r  taxonomic d i v e r s i t y  t h a n  d i d  t h i s  
i n v e s t i g a t i o n .  The d e n s i t y  of i n d i v i d u a l s  was n o t  r ecorded  
i n  t h o s e  r e p o r t s  and t h e r e f o r e  cannot  be compared. Robson and 
Weagle (1977) ,  a l s o  showed g r e a t e r  numbersof s p e c i e s  b u t  t h e  
s i t e s  were l e s s  s i m i l a r  t o  Jason .  

3-45 . 4  R e l a t i o n  t o  o t h e r  Parameters  (add a t  end) .  

The i n t r o d u c t i o n  of d i s s o l v e d  m e t a l s  from Rust Creek , in  e i t h e r  
c h r o n i c  o r  o c c a s i o n a l l y  a c u t e  dosages ,  may a l s o  have a f f e c t e d  
b o t h  t h e  p e r i p h y t o n  and t h e  i n v e r t e b r a t e s .  

3-61 T i s s u e  a n a l y s i s  (add a t  end of Eirst paragraph) .  

F i s h  t i s s u e  a n a l y s i s  h a s  been performed by o t h e r s  i n  Yukon 
(Baker 1979, EPS 1979, Archibald  and Burns 1981) none of whom 
found l e v e l s  t o  be  abnormally h i g h ,  o r  much d i f f e r e n t  from t h o s e  
a t  Jason .  

3-65 2nd l i n e  "popula t ion  f i t n e s s "  shou ld  be  " t h e  f i t n e s s  of t h e  
i n d i v i d u a l s  p resen t" .  
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B e t h e l l ,  G. and G .  Davidge. .  1981. Compliance E v a l u a t i o n  o f  
Cyprus Anvi l  Mine, Faro ,  Yukon T e r r i t o r y .  Environment Canada 
Environmental  P r o t e c t i o n  S e r v i c e  Regional  Program Report  81-15, 
Whitehorse.  35 pp. 

Environmental  P r o t e c t i o n  S e r v i c e  1978. Assessment of t h e  Water Q u a l i t y  
and B i o l o g i c a l  Condi t ions  i n  Watersheds su r rounding  t h e  Uni ted 
Keno H i l l  Mine, E l s a ,  Yukon, d u r i n g  t h e  summers of 1974 and 
1975. F i s h e r i e s  and Environment Canada. Environmental  P r o t e c t i o n  
S e r v i c e .  Regional  Program Report  78-14. Whitehorse  26 pp. 

J a c k ,  M. 1981. B a s e l i n e  Study of t h e  Watershed n e a r  Venus Mine, 
Yukon and Venus M i l l ,  B r i t i s h  Columbia. Environment Canada. 
Environmental  P r o t e c t i o n  S e r v i c e .  Regional  Program Report  
81-18. Whitehorse.  80 pp. 

Monenco C o n s u l t a n t s  P a c i f i c .  1980. F i n a l  r e p o r t .  Rackla River  
Environmental  B a s e l i n e  Study 1979. 

Sergy,  G.K.  Weagle, W. Robson, and B.  Ruggles 1976. The Water 
Q u a l i t y  and B i o l o g i c a l  I n v e s t i g a t i o n s  i n  t h e  V i c i n i t y  of t h e  
Macmillan Tungsten P r o p e r t y .  Amax Northwest Mining Company 
Limited.  Environment Canada. Environmental  P r o t e c t i o n  S e r v i c e .  
Manuscript  Report  NW-76-1. Whitehorse  24 pp. 

G. Brown 
Pan Ocean O i l  
February 1982 


	091422 Volume 1
	Table of Contents
	Introduction
	Figure 1 Location Map
	Figure 2 Claim Map

	History
	Summary
	Qualifications
	Appendix 1
	Appendix 2
	Appendix 3

	091422 Volume 2
	Preface
	Summary
	Table of Contents
	Introduction
	Methods
	Plate 2-1 Sample Sites

	Study Results
	Plate 3-1 Aquatic Assessment
	Plate 3-1 Growth Rate 

	Discussion
	Photo 4-1
	Photos 4-2 & 4-3
	Photos 4-4 & 4-5
	Photos 4-6 & 4-7
	Photo 4-8

	Conclusions
	References
	Appendix A
	Appendix B
	Figure B-1
	Figure B-2
	Figure B-3
	Figure B-4
	Figure B-5
	Figure B-6
	Figure B-7
	Figure B-8
	Figure B-9
	Figure B-10
	Figure B-11
	Figure B-12
	Figure B-13
	Figure B-14

	Appendix C




