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INTRODUCTION 

In June o f  1973 Equity Mining Capital L td .  informed Envi  ronment 

Canada t h a t  exploration was i n  progress on a recently  discovered 

ore body i n  north  central British Columbia. Development i s  

scheduled t o  commence i n  l a t e  1975. 

The Habitat  Protection  Unit  of  Fisheries  Operations and the 

Environmental Protection  Service  are  concerned w i t h  the  possible 

e f f ec t s  of this development on the  environment. A j o i n t  comprehen- 

sive  pre-production  survey  of  the  watershed  adjacent  to  the mine 

s i t e  was carried  out.  This report  i s  a summary o f  the   resu l t s  of 

the  physical , chemical and biological sampl i n g  undertaken i n  July 

and October 1973. I t  should  provide  a  substantial  baseline t o  

which future  environmental  effects  of  the m i n i n g  a c t i v i t y  may be 

re1 a ted . 

The proposed  development s i t e ,  known as  the "Goosly Property", 

i s  s i tua ted  some 20 miles  southeast of Houston B.C . ,  near Goosly 

Lake i n  an area  of  heavily  treed,  rolling  hi1 1s (see  Figure 1 ). 

Past  logging and Recreat ional   act ivi t ies  i n  the  area  appear  to have 

had  no longterm  detrimental  effects on the aquatic  environment. 

The Goosly Property  straddles  the h i g h  point between two watersheds 

and encompasses  a variety  of small  streams.  Several  of  these run 

northerly  into  the Foxy Creek basin and others run southerly toward 

Goosly Lake, The mine-mill complex will be located w i t h i n  the 
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Buck Creek drainage  area.  Disruption  of the topography will 

necessitate diversion of some of i t s  t r i bu ta r i e s  and may cause 

physical, chemical and biological changes i n  some streams. Buck 

Creek drainage, encompasses approximately 21 0 square  miles, and 

flows  into  the  Bulkley  River System which provides spawning beds 

fo r  Coho, P i n k ,  S p r i n g ,  Sockeye, Chum salmon and steelhead  trout.  

The mine will be an open p i t  operation w i t h  an init ial   production 

r a t e  o f  3,000 tons  of  Silver,  copper,  gold and antimony ore per 

day. This production  rate is expected  to  increase  to 6,000 t p d  by 

1980. A t  t h i s   r a t e  the projected 1 i f e  of the mine will  be approx- 

imately 20 years. The overburden,  wastes, and  low grade  ore  are 

expected t o  be placed somewhere i n  the Foxy Creek drainage  area. 

Reports from B . C .  Research on the leaching and bacterial  oxidation 

of  core  samples, one of which was designated  waste  rock, proved 

to  be a potential  source of ac id ic  mine drainage and therefore 

an ecological  hazard (Hawley 1972,). 

Wright Engineers  are  presently engaged i n  a p i  lo t   p lant   s tudy of 

the  extractive  metallurgy, and ear ly   indicat ions  point   to  two 

processes. Grinding and f lo t a t ion  for copper, silver and gold 

and a leaching  plant  for antimony. Both processes  will  incorporate 

one o r  more toxic  agents  such  as NaCN (Hawley 1974,). 

Process  water  will be drawn from Goosly Lake. A 1,600,000  gallday 

water 1 icence  has been applied  for and the  possibil i ty  of 

supernatant  recycling i s  under investigation. This represents 
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about  1/10 o f  Goosly Lake outflow and the   a f fec ts  o f  this 

reduction  are no t  ye t  known. 

The ta i l ings  disposal   area  wil l  i n  a l l   probabi l i ty   e l iminate  a 

small unnamed lake  west of the mine and will be located i n  e i t h e r  

the Foxy Creek o r  Buck Creek drainage. 

2. MATERIALS AND METHODS 

2.1 . General : 

Sampling was conducted on July 14 and October  13,  1973. 

Eleven  sampling s i t e s  were selected  to  monitor  the  major 

streams  that  could be affected by the mine operation  (see 

Figure 2 ) .  Each s t a t ion  was chosen for   s imilar  bottom 

substrate,  water  depth, i t s  s t ra tegic   posi t ion and access ib i l i ty .  

Stations were marked w i t h  red  spray  paint on nearby  trees and 

rocks . 

All s i t e s  were typif ied by shallow  fast-running  water w i t h  

large  aggregate bottom substrate   interdispersed w i t h  sandy 

patches.   Li t t le  or no aquatic  vegetation was present. Most 

s i t e s   a r e   ea s i ly   access ib l e  from existing  logging  roads. 

Table 1 provides a brief  explanation of  each s i t e .  

2.2. Physical  Parameters: 

A t  each s i t e  an estimate of the volume of  water  flow,  relative 
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TABLE 1: Sample Sites Established In  1973 To Monitor The Effects Of 
E q u i  t y  Mines . 

Si t e  
Number Location Use 

1 ,233  Foxy Creek Drainage 

4,5,7,8,9 Buck Creek Drainage 

6 

10 

1 OA 

11 

Unnamed Creek which 
drains  into  the  north 
s ide of  Goosly Lake 

Buck Creek pr ior  t o  
influence  of t r i b u -  
tary  draining Mine 
s i t e .  

Buck Creek  downstream 
from tr ibutary  drain-  
i n g  mine s i t e .  

Buck Creek, Upstream 
from entrance  of 
Flo  Creek. 

Serve as monitors to  the 
seepage from overburden and 
possi  bly  the t a i  1 ings. 

Expected to  monitor  the 
drainage from the mine and  
mi l l   s i tes .  

Expected t o  intercept  most 
of the seepage from the   t a i l  - 
ings impoundment. 

Serves as a control and should 
not be affected by the mine 
and mi l l   s i tes .  

Found to  be the most appro- 
p r i a t e   s i t e   t o   s e ine  for f i sh .  

Serves  to  monitor  changes i n  
Goosly Lake water  quality. 
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visual c l a r i t y  of  the  water, and. temperature was recorded. 

2 . 3 .  Water Chemistry: 

( a )  A l i t r e  of  water was taken from each s i t e ,  preserved 

w i t h  5 m7 of  concentrated HN03 (Standard Methods, 1971 ) 

and delivered  to  the Environment Canada Water Qual i ty  

Laboratory a t  West Vancouver fo r  t o t a l  heavy metal analyses. 

( b )  The pH i n  the summer survey was taken w i t h  pH paper. 

Because these  resul ts  were believed  spurious  a ''pH  Hach Kit" 

was used i n  the   fa l l  . 

( c )  Dissolved oxygen ( D . O . )  was measured a t  each s i te   dur ing  

the  fall  survey w i t h  a Hach Kit. 

2.4. Stream Biology: 

2.4.1. Benthic  Invertebrates -- 
A circul  ar sampler that  covers an area o f  one square 

foot  was used t o  aquire  three  invertebrate  samples a t  

each s i t e .  The samples were placed i n  jars w i t h  a 5% 

solution of  formalin. These samples were sorted,  

c l a s s i f i ed  and enumerated a t   t h e  Environment Canada 

Biology  Laboratory i n  North Vancouver. Ident i f icat ion 

was achieved using a Wild M5 Stereo Microscope and the 

following  biological keys; Pennak,  1953; Ward and 

Whipple,  1959; and Usinger, 1968. 
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The inver tebrate  data was sub jec ted   to  two 

d i f f e ren t   ana lyses :  

(a )  organisms  were p laced  in to   groups  wi th   respect  

t o   t h e i r   s e n s i t i v i t y   t o   p o l l u t i o n   i n  accordance 

w i t h  MacKenthun's  (1969)  standards. Mayf l ies  

(Ephemeroptera), s tonef l ies   (P lecoptera) ,  and 

c a d d i s f l i e s   ( T r i c h o p t e r a )   f o r  example, categor ize 

clean  waters,  whi le  conversely sludgeworms  can 

t o l e r a t e  a l a r g e  amount o f   p o l l u t i o n .  

(b )  The Wi 1 hm and Dorr is  (1968) measure o f   d i v e r s i t y  

(a), which  re la tes  benth ic   communi t ies  to   water  

q u a l i t y  was a1 so appl ied.  The formula  which was 

first derived  by  Margalef  (1956)  from  information 

theory and  expanded  by Wi 1 hm and D o r r i s  (1968) i s  

presented  below: 

S 

Where = d i v e r s i t y   p e r  sample 

ni = t o t a l  number o f   i n d i v i d u a l s  per 

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

s = t o t a l  number o f   t a x a  

taxon 

sample 

This index i s  a numerical  value  which  represents 

t h e   r e l a t i v e  " v a r i e t y  of l i f e "   i n   t h e  sample 
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by re la t ing  the number of  individuals i n  each 

taxon t o  the to ta l  number o f  taxa. 

Diversity  indices have been used i n  the past  

(Wi 1 hm 1968,  Cole  1973).  These  researchers 

feel  that  values  of  less  than 1 from the Wi 1 hm 

diversity  index (a) are  obtained i n  areas o f  

heavy pollution and values above 3 i n  areas o f  

clean and highly  productive  waters. 

2.4.2.  Phytoplankton -- 
A one l i t re   bo t t le   o f   water  from each s t a t ion  was 

preserved w i t h  "lugol 'I  fo r  a qual i ta t ive  record  of  

algal  species. These  samples were a l s o   i d e n t i f i e d   a t  

the Environment Canada Fresh Water Biology  Laboratory 

i n  North Vancouver w i t h  the aid  of a Wild M40 

inverted  microscope and several  Biological keys : 

Prescott  1962, Prescott  1970, Patrick and Reimer 1966. 

2 . 4 . 3 .  Vertebrates -- 
Fish were seined a t   a l l   s t a t i o n s  w i t h  10 f t  , 

1/4  inch mesh net  b u t  were found only a t  sites 10 

and 11  (Buck Creek). The fish were ident i f ied  and 

divided  into two equivalent  samples. Sample 1 was 

wrapped i n  t i n  fo i  1 and frozen , then sent to  the 

British Columbia Department  of Agriculture  Pesticide 

Laboratory  for  pesticide  analysis.  Sample 2 was 

frozen i n  p l a s t i c  bags and sen t   to   the  Environment 

2 
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3. 

Canada Water Quality  Laboratory  for heavy metal 

analyses. 

RESULTS AND DISCUSSION 

3.1 . Physical  Parameters : 

A1 though generally n o t  directly  toxic,  physical  parameters 

such as  turbidity,  temperature and flow rates  often  influence 

the  qual i ty  o f  the aquatic  environment and the  natural  biota 

as  much as chemical pollutants.  When the   t a i l ings  from a 

mining operation  are  discharged  directly i n t o  the  environment, 

the  receiving  waters may suffer   vast  changes i n  these 

physical  characteristics. 

Table 2 summarizes the  observed  clari ty of the water a t  each 

s ta t ion  d u r i n g  the summer and fall   surveys.  On July  14th 

a l l  streams were clear.  Melting snow near the camp  on 

October 1 3 t h  carried a large amount o f  si 1 t t h a t  increased 

the turbidi ty   of  the water  drastically.  This t u r b i d i t y  was 

observed  as  far  south as s i t e  8. S i t e  7 was a l so  clouded 

w i t h  s i l t  from melt ing snow  on a recently logged area which 

this particular  stream  drains.  

Heavy si1 t ing  can be deleterious  to  macro-invertebrate and 

fish populations. Most  mol 1 uscs  require sol i d  surfaces on 
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TABLE 2: Stream Clar i ty  For Summer And Fa1 1/73. 

Sampl e 
S i t e  July  14/73 October  13/73 

6 

7 

8 

9 

10 

11 

c lear  

c lear  

c l ea r  

c l ea r  

c lear  

c l ea r  

c l ea r  

c lear  

c l ea r  

c l ea r  

c l ea r  

c l ea r  

c l ea r  

c l ea r  

t u r b i d  

t u r b i d  

c l ea r  

discoloured 

d i  scol  oured 

c l ea r  

c l ea r  

d i  scol  oured 
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which to   a t tach .  Mayfly populations abandon areas  subjected 

to  scouring by f ine  sand par t ic les .  S i l t i n g  reduces  the 

number of sheltered  crevices which many benthic  organisms 

seek  out and of ten  resul ts  i n  the  "sil t ing-over ' '  and possible 

asphyxiation of  developing f i sh  eggs.  Gross s i l t a t i o n  can cause 

physical damage t o   f i s h   g i l l  membranes result ing  in reduced 

gaseous  exchange and behavioral  abnormalities.  Direct 

entry of t a i l i n g s  into  the  watershed would undoubtedly r e su l t  

i n  de le te r ious   e f fec ts  on the  f isheries  resource and would 

therefore  not be acceptable. 

Water temperatures  are  depicted i n  Figure 3 ,  they  averaged 

8 O C  more i n  the summer than i n  t h e   f a l l .  Dur ing  the   fa l l  

visi t ,  the ground a t  higher a1 t i  tudes was covered w i t h  snow 

and many of  the  streams had shore  ice,  consequently  water 

temperatures  there  approached  freezing. B u t  a t  lower 

a1 t i  tudes, where the  streams  converge  (e.g.  sites 8,  9 ,  10, 

and 1 1 ) ,  t h e   a i r  was warmer  and the  water  temperatures were 

a few degrees  higher. 

Temperature  plays an important p a r t  in  stream  ecology. 

Periodism and Cercadian  rhythms  of  the many aquatic  organisms 

are  dependant on natural  seasonal changes i n  temperature. 

Fecundity ra tes ,   the  number of  generations  per  year, biomass 

production and the  species  present  are  also  related  to  the 

prevailing  temperatures.  Life  sustaining  dissolved oxygen, 
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although not usually  a problem associated w i t h  mine effluents,  

i s  directly  related t o  temperature. 

0 * t  

FALL 
0 A A A A A A 
””” 

I I I I I I I I I I 
1 2 3 4 5 6 7 q 9 1 0 l l  

STATION N U M B E R  

FIG. 3: Water Temperatures For July  i4th 
and October 13th,  1973. 

Trout, the dominant species i n  Buck Creek, are very sensitive 

t o  increases i n  temperature and cannot sustain ambient 

temperatures above 25OC for long periods (Hynes, 1970). Of 

course i n  any of these  factors,  lethal  levels do not  have 

t o  be reached,  before  detrimental behavioural and physiological 

changes occur. 
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Figure  4 depic ts   the  d i f ference between  sumner  and f a l l  

flow r a t e s   a t  each  sample s i t e .  As a genera l   ru le ,   f low 

ra tes   o f   these  s t reams  reach  the i r  maximum i n  t h e   e a r l y  

summer a f t e r   s p r i n g   r a i n s  and m e l t i n g  snow. Minimum f l o w  

rates  can be expected i n  the  mid-winter. 

900 

000 
c 

c1, 
0 600 

* 3 so0 

LL 400 
3 
z a 300 
w 
E 200 
v) 

I O 0  

r 

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

STATION NUMBER 

FIG. 4: Stream  Flow  For  July  14th and 
October  13th, 1973. 

3.2. Water  Chemistry: 

A summary of  the  heavy  metal  content  of  the  water  sampled 
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during the Summer and Fall  surveys i s  given i n  Table 3 .  

These provide an effect ive index t o  which future  water 

qual i t y  changes may be re1  ated. 

Except for two stations  near  the camp, heavy metal levels  

were found to  be below the  acceptable 1 imi tes specified by 

Todd (1970).  Higher  than normal values of  C u ,  Zn and Fe a t  

sample sites 4 and 5 are  probably due t o  the camp ac t iv i ty .  

These samples  contained a s ign i f icant  amount of suspended 

so l ids  which were subject  to  leaching by the n i t r i c   ac id  

preservative, and may have contained a considerable amount 

o f  contaimination from a portable  core sample grinder l e s s  

than 100 f e e t  from  each of  these sample si tes.  The excess 

ground rock from this operation was thrown outside  the door 

on melting snow where i t  could  leach i n t o  the stream. 

pH values i n  the  streams sampled are  considered normal  and 

w i t h i n  the acceptable  range of 6.0 t o  9.0 (Todd, 1970). 

Dissolved oxygen levels  were found, a t  most sample si tes,  

t o  be above 90% saturation. 

pH and Dissolved Oxygen levels   for   July 14/73 and Oct. 13/73 

are  presented  in  Figure 5. 
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D I S S O L V E D  O X Y G E N  
12 

FALL p H  

4 1  
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1 2 3 4 5 6 7 8 9 1 O l l  

STATION  NUMBER 

FIG. 5: pH and Dissolved Oxygen Levels For 
July  14th and October 13th,  1973. 

3.3.  Stream Biology: 

3.3.1. Benthic invertebrates -- 
Populations  of  invertebrates, each w i t h  the i r  unique 

requirements have  proven to  be excel lent  indicators 

of changes i n  their  environment. A1 1 organisms have 

specific  tolerance ranges to  many different environ- 

mental factors. Some are  highly  tolerant of modified 

conditions,  others  are moderately tolerant and those 

t h a t  cannot cope w i t h  even small environmental 
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changes a r e   h i g h l y   i n t o l e r a n t .  

I n   p r i s t i n e   e c o l o g i c a l   c o n d i t i o n s  a d i v e r s i f i e d   f l o r a  

and  fauna e x i s t s   ( t o l e r a n t  and n o n - t o l e r a n t )   i n  a 

h igh ly   in tegra ted ,   in te rdependent  system. Even a 

s u b t l e   d i s r u p t i o n   o f   t h i s  system may m a n i f e s t   i t s e l f  i n  

a large  re-adjustment i n   t h e   r e l a t i v e   p o p u l a t i o n  

propor t ions.   For  example, a change i n   t h e   n u t r i e n t  

supply may cause  reduced numbers of one species  whi l e  

another becomes more prominent. 

B io log ica l   communi t ies  are  repor ted  to  be e x c e l l e n t  

ind ica tors   o f   env i ronmenta l   s t ress .  Community s t r u c t u r e  

will ad jus t   t o   s t ress   by   sh i f t s  i n  spec ies   d ivers i ty ,  

density,  and dominance (Smith,  1966). However, sudden 

changes i n  the   b io ta   a l so   occu r   qu i te   na tu ra l l y   f rom 

season t o  season  and yea r   t o   yea r .  It must  be 

remembered t h a t   i n  most  communities  there l i e s  

a redundancy i n  members a t  any one t r o p h i c   l e v e l  and 

this pro tec ts  most  species from t o t a l   e l i m i n a t i o n   b y  

f l u c t u a t i n g  seasonal  changes.  Therefore, b i o l o g i c a l  

d a t a ,   b i o t i c   i n d i c e s  and s i g n i f i c a n t  changes i n  

biological   comnunit ies  must be analysed  by an exper- 

ienced  eco log is t  who has  an understanding o f   t h e  

i n te rac t i on   o f   t he   env i ronmen t  and  fauna. 

Tables 4 and 5 represent   the combined counts o f   t h r e e  
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i nve r teb ra te  samples o f   t h e   s u m e r  and f a l l  programs. 

The inver tebra tes  were i d e n t i f i e d   t o   f a m i l y  and then 

p l a c e d   i n t o  one o f   t h r e e  groups. Group I i s  considered 

h i g h l y   t o l e r a n t   o f   p o l   l u t e d   w a t e r s ,  Group 11, 

moderately  to lerant,  and  Group I11 ve ry   i n to le ran t .  

Fig.  6 g r a p h i c a l l y  shows t h e   r e l a t i v e   p r o p o r t i o n s  o f  

these  three  groups a t  each s i t e .  

, The data i n   F i g .  6 i n d i c a t e s   t h a t   i n   a l l  cases  groups 

I I and I11 are  we1 1 represented  therefore i t  i s  

concluded  that   the  water i s  o f   exce l l en t   qua l i t y .  

Diptera  especial ly  Tendipedidae  (Midges) formed the  

b u l k   o f  Group 11, w h i l e  Ephemeroptera (Mayf l ies )  and 

P lecoptera   (S tonef l ies )   fo rmed  the   ma jor i t y   in  Group 

111. As can be expected, i n  a p r i s t i n e  community o n l y  

a few Group I organisms  were  obtained  (stat ions 7, 8, 

10,  and 11). However, a f u t u r e   r i s e   i n   t h e   p r o p o r t i o n  

o f  Group I a t   t h e  expense o f  Group 111 may be 

i n d i c a t i v e   o f  a degrading  environment. 

The ca l cu la ted   va lues   f o r  a f o r  each sample s i t e  

du r ing   t he  summer and f a l l  surveys  are  presented i n  

Table 6. 

D ivers i ty   ind ices   o f   the   benth ic   communi t ies   near   the  

"Goosly  Property''  averaged 2.143. These r e l a t i v e l y  

- 24 - 
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TABLE 6: Diversity  Indices For Summer And Fa11/73. 

Station 
Number July  14/73 October  13/73 

n 8 n a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

31 9 

328 

167 

115 

56 

1  76 

64 

107 

131 

1 94 

1858 

2.732 

2.900 

2.873 

1.753 

1.584 

2.578 

1 .a40 

.722 

3.231 

3.145 

2.598 

(n) = t o t a l  number o f  individuals per sample 

(a) = divers i ty  index.  

233 

359 

121 

34 

7 

166 

34 

67 

1 74 

31 3 

591 

2.110 

2.545 

1.872 

.570 

2.128 

1.81 3 

2.424 

1.802 

2.222 

1 ,744 

1.963 
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1 ow values may be at t r ibuted  to   the  lack of  accumulated 

nutr ients  i n  these  cold  northern  streams. A1 so i t  

has been suggested  that some sens i t i v i ty  of the index 

i s  l o s t  when d ive r s i t i e s   a r e  based on higher 

taxonomic catagories  (Egloff & Brake1 , 1973). 

3.3.2.  Phytoplankton -- 
Tables i n  Appendix I l i s t  the species found a t  each 

s i t e .  Those without a relative  population  percentage 

may  be considered  to be only  occasionally  seen. 

In a l l   cases  the majority o f  algae were  diatoms and 

only  occasional f i n d i n g s  of  chl  orophytes , cyanophytes, 

crysophytes , etc. were made. Si te 11 , the exi t  t o  

Goosly Lake, displayed the most d ivers i ty .  This may 

be a t t r ibu ted  i n  par t   to  the warmer temperatures and 

additional nutrients usually found i n  a lake. 

Phycologists  believe  that most species   are   avai lable  

i n  al l   streams ( i f  thoroughly examined) and f lourish 

when conditions become sui table  (opportunists) .  

Large algae blooms result from nutrient  excess,  changes 

i n  temperature,  changes i n  flow and o ther   fac tors  which 

a re  sometimes linked w i t h  industrial   discharges 

(Hynes 1970). During the two visits to   the  area no 

blooms were observed. This was confirmed by the 

- 27 - 



laboratory  analysis  because 

so few algae  that  quantitat 

practical. 

the  water samples  yielded 

ive  analysis  was  not 

3.3.3. Vertebrates -- 

The  fish  caught  were  tentatively  identified  as  peamouth 

chub and rainbow  trout.  They  averaged 10 cm.  in 

length  and  the  average  weight  was  less  than 50 grams. 

Table 8 summarizes  the  results of the  pesticide 

analyses in fish  tissue.  None  were  detected. 

Table 7 summarizes  the  results  of  the  heavy  metal 

analysis  of  fish  tissue.  Complete  heavy  metal 

analysis  was  not  possible,  because  most  analyses  require 

more  sample  than  was  supplied. The zinc  levels  were 

relatively  high  and  additional  samples  should be 

collected.  Heavy  metal  concentrations in fish  and  the 

water  should be kept  under  close  surveillance  after  the 

mine  starts  operation. 

TABLE 7: Heavy  Metal  Analysis o f  Fish 
From  Sites 10 and 11. 

Concentration  (ppm) 
Metal  Wet  Dry 

cu 2.6 11 .o 
Zn 21 .o 92 

Cd . 3 4  1.5 
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TABLE 8: Pest ic ide   Ana lys is  O f  F i sh  From 
S i t e s  10 and 11, July 1973. 

Pest ic ide  Concentrat ion ( ppm) 

Lindane 

Heptachlor 

A1 d r i  n 

H. Epoxide 

DDE 

D i e l   d r i  n 

op '  DDT 

DDD 

DDT 

Other  Chlorinated  Hydrocarbon 
I n s e c t i c i d e s  

not   detected 

not   detected 

not   detected 

not   detected 

not   detected 

not   detected 

not  detected 

not   detected 

not   detected 

not   detected 
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4. SUMMARY 

The mine  operation will result in topographical  changes  which  could 

have  adverse  effects  on  the local fishery and wildlife  resources. 

Adequate  abatement  facilities and surveillance  of  construction and 

operation of the  mine will be necessary  if  environmental  damage  is 

to  be minimized. 

Pristine  conditions  were  encountered in the watershed in the  vicinity 

of the "Goosly  Property". A diversified  biota  was  recorded and 

indexed  to  facilitate  future  comparison.  Minor  environmental 

degradation  can be detected by relating  post-operational  observations 

(chemical,  physical , biological ) to the  established  baseline. 

Corrective  measures  can  then be recommended  before  detrimental  effects 

become a major  issue. 
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APPENDIX :[ 

BIOLOGICAL  SAMPLING -- 
PHYTOPLANKTON 



BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample s i ze  - 1 l i t r e  grab  sample i n  mid stream 

Sample S i t e  #1 - 

Summer 
3uly 14/1373 

Bacillariophyceae  (diatoms) 
- Cocconei s pl acen tu1  a 
- Fragi 1 a r i  a  cons  truens 
- Fragilaria  crotonensis 
- Fragi  1 a r i a  vaucheri  ae 
- Frustul i a  rhombiodes - Gomphonema parvul um 
- Hannaea arcus 
- Meri dion  ci  rcul  are 
- Navicula  pupula 
- Navicula sp. - Ni tzschi a acicul   ar i  s 
- Nitzschia  palea 
- Synedra  ulna 

Chl  orophyceae (green) 
- Closterium sp. 

Fa1 1 
October 13/1973 

Bacillariophyceae  (diatoms) 
Achnanthes  minutissima 
Cocconei s pl acentul  a 
Denticula sp. 
Fragi  1 a r i  a  vaucheri  ae 
Gomphonema parvul um 
Hannaea arcus 
Melosira i t a l i c a  
Meri dion ci   rcul  are 
Navicula  baci 11 i fonnis 
Rhi zosoleni  a  sp. 
Synedra  ulna 
Tabel 1 a r i  a   fenestra   ta  

Chlorophyceae (green) 
- Chlamydomonas sp. - Raphidonema sp. 

Cyanophyceae (blue  green) 
- Anabaena sp.  
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BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample S i t e  #2 - 
S umme r 

July 14/1973 

Bacil  lariophyceae  (diatoms) 
- Cocconeis pl acentula 
- Fragi 1 a r i a  cons truens 
- Fragilaria  crotonensis 
- Fragi 1 a r i a  vaucheri  ae 
- Gonphonema parvulum (on s t a l k s )  
- Hannaea arcus 
- Melosira i t a l i c a  - Meridion ci rcul  are 
- Navi cul a baci 1 7  i formi s 
- Synedra  ulna 
- Tabel lar ia   fenestrata  (5%) 

Chlorophyceae 
- Chlamydomonas sp. 

Crysophyceae  (ye1 low green) 
- Di nobryon bavari cum 

Fa1 1 
October 13/1973 

Baci  1 lariophceae  (diatoms) - Achnanthes f l  exel 1  a 
- Asterionella  gracil l ima 
- Fragilaria  construens 
- Fragi  1,ari a vaucheri  ae 
- Fragi 1 ar ia   crotonensis  
- Gomphonema parvulum (on s t a l k s )  
- Melosira i t a l i c a  
- Melosira  tenuissima 
- Navicula sp. - Ni tzschi a aci  cul  ari s 
- Nitzschia  palea - Navicula d i  cephala 
- Synedra  ulna 
- Tabel lar ia   fenestrata  
- Tabellaria  f locculosa 

Cyanophyceae (blue  green) 
- Nostoc S P .  

Cyanophyceae - Nostoc SP.  (5%) 
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BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample S i t e  #3 - 
Summer 

July 14/1973 

Bacil 1 a r i  ophyceae (di atoms 1 - Achnanthes fl  exel 1 a - Fragi 1 aria  crotonensi s - Fragi 1 a r i  a vaucheri  ae (45%) 
- Gomphonema parvul um 
- Hannaea arcus 
- Meridion ci   rculare (45%) 
- Navicula  dicephal a - Stephanodiscus  astrea 
- Tabel 1 a r i  a fenes   t ra ta  

Cyanophyceae (bl ue green) 
- Nostoc SP.  

Sample S i t e  #4 - 
Sume r 

July 1411973 

Bacil 1 ariophyceae 
- Cymbel l a  turgi da 
- Hannaea arcus (45%) 
- Meridion circul   are  
- Navicula sp. 
- Neidium sp. 
- Ni tzschia sp. 
- Tabel 1 a r ia   fenes t ra ta  
- Tabel 1 a r i a  f l  occulosa  (45%) 

Chl orophyceae 
- Closterium  sp. 

Crysophceae  (ye1 low green) 
- Tri bonerna sp. 

Fa1 1 
October  13/1973 

Baci 11 ariophyceae ( d i  atoms) - Asterionella  gracil l ima - Cymbel l a  turgi da - Fragilaria  crotonensis - Fragi 1 aria  vaucheri  ae 
- Meri dion  ci  rcul  are 
- Navi cul a d i  cephal a - Tabel 1 a r ia   fenes   t ra ta  

Chlorophyceae  (green) 
- Chlamydomonas sp. 
- Raphidonema sp. 

Fa1 1 
October  13/1973 

Baci 11 ariophyceae 
- Fragi 1 aria  construens - Fragi 1 a r i a  vaucheri ae 
- Hannaea arcus 
- Navi cul a d i  cephal?. 
- Nitzschia  palea - Stauroneis  sp. 
- Tabel la’ria  flocculosa 

Chl orophyceae 
- Mi crospora sp. 
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BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample S i te  #5 - 
S ume r 

July 14/1973 

Bacill  ariophyceae 
- As t e r i  one1 1 a graci 1 1 ima 
- Fragi 1 ar ia   crotonensis  
- Fragi l a r i  a p i  nnata 
- Fragi 1 aria  vaucheri  ae 
- Hannaea arcue 
- Meridion c i rcu lare  
- Navicul a decussi s 
- Nitzschia  palea 
- Synedra  ulna 
- Tabel 1 a r i a   f enes t r a t a  

Chlorophyceae 
- Chl  amydomonas sp. 

Crysophyceae 
- Dinobryon d 

Cyanophyceae 

- Ocil l a t o r i a  
- Nostoc SP .  

i ve rgen s 

SP.  

Fa1 1 
October 13/1973. 

Baci 11 ariophyceae - Fragi 1 aria  crotonensis - Fragi 1 aria  vaucheri  ae - Melosira i t a l i c a  - Meri dion  ci  rcul  are 
- Ni tzschia   acicul   ar i  a 
- Tabel l a r i a   f enes t r a t a  

Chl orophyceae 
- Stigeoclonium sp. 
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BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample S i t e  #6 - 
Summer 

July 14/1973 

Bacillariophyceae  (diatoms) 
- Asterionella  gracil l ima - Cymbel l a   t u rg i  da - Gomphonema parvul urn 
- Meridion c i rcu lare  (90%) - Navi cul a baci 11 i formis 
- Navicula  exigua 
- Rhoi cospheni a curvata - Tabel 1 a r i  a fenes t ra ta  

Chl orophyceae  (green) 
- Closterium sp. 

Fa1 1 
October  13/1973 

Bacillariophyceae  (diatoms) - Cocconeis placentula - Fragi 1 a r i  a crotonensi s - Fragilaria  vaucheriae - Gomphonema parvulum 
- Hannaea arcus 
- Melosira  distans 
- Melosira i t a l i c a  
- Navicula  sp. - Ni tzschi a aci   cul  ari  s - Nitzschia c . f .  acuminata - Ni tzschia  palea - Pinnularia  sp. - Rhizosolenia sp. - Rhoi cospheni a curvata - Synedra  ulna - Stauroneis sp. - Tabel 1 a r i  a fenes   t ra ta  

Chl orophyceae - Chlamydomonas sp. 

Sample S i t e  #7 - 
Summer 

July 1411973 

Bacil  lariophyceae 
- Achnanthes  minutissima 
- Fragi 1 aria  crotonensi s 
- Fragi 1 a r i  a vaucheri  ae 
- Gomphonerna olivaceum 
- Hannaea arcus 
- Navicula  exigua 
- Navicula  pupula 
- Nitzschia  palea 
- Tabel l a r i  a fenes t ra ta  

Fa? 1 
October 1311973 

Bac i 1  1 a r i  op hyceae - Fragi 1 a r i  a crotonensis - Gomphonema ol ivaceunl - Hannaea arcus - Meri d i  on ci   rcul   are  - Nitzschia  holstaca  (90%) 
- Rhizosolenia sp. 
- Synedra ulna - Tabel l a r i  a fenes t ra ta  

Crysophyceae  (ye1 low green) - Tri bonema sp.  
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BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample S i t e  #8 - 
Summer 

July 14/1973 

Baci 11 a r i  ophyceae 
- Cyclotel 1 a s t e l l  i  gera 
- Denticula sp. 
- Fragi l a r i  a  vaucheri  ae 
- Epithemia sp. 
- Melosira  distans - Ni tzschia  acicul  ari s 
- Nitzschia  palea 
- Pinnularia sp. 
- Tabel 1 ar i   a   fenestrata  

Chlorophyceae 
- f i  lamentous  green 

Crysophyceae 
- Dinobryon divergens 
- Tri bonema sp. 

Fa1 1 
October  14/1973 

Bacil 1 a r i  ophyceae 
- Cymbel la  cuspidata - Cymbella turgida - Fragi l a r i  a  vaucheri  ae - Hannaea arcus 
- Melosi ra di s tans 
- Melosira i t a l i c a  
- Meri dion  ci  rcul  are 
- Navicula  exi gua 
- Nitzschia  holsatica 
- Ni tzschi  a 1 i t t o r a l   i s  - Pinnul a r i a  sp. 
- Synedra  ulna 

Chl  orophyceae 
- filamentous  green 

a 
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BLOLOGICAL SAMPLING - PHYTOPLANKTON 

Sample S i t e  #9 - 
S umme r 

July 14/1973 

Baci 11  ariophyceae 
- Fragi  1 aria  vaucheri  ae - Hannaea arcus - Meridion ci   rcul  are 
- Navicula  pupla 
- Nitzschia   acicular is  - Nitzschia  palea 
- Nitzschia  holsatica 
- Synedra  ulna 
- Tabel 1 a r i a   f enes t r a t a  

Sample S i t e  #10 - 
Summer 

. July 14/1973 

Bacillariophyceae 
- Cymbella turgida 
- Fragi 1 a r i  a  cons truens 
- Fragilaria  crotonensis 
- Fragi  1 a r i  a  vaucheri  ae 
- Gomphonema parvulum 
- Navi cul  a  baci 1 1 i formi s - Navi cul  a  decuss i s  
- Navi cula  dicephal  a 
- Neidium sp. 
- Ni tzschia   acicul   ar i  s (90%) - Nitzschia  palea - Ni tzschi a sub1 i neari s 
- Syndra  ulna 
- Tabel 1 a r i  a fenes t ra   t a  

Chl oropyceae - Cruclgenia  c.f.  tetrapedia - Cerasterias sp. - Chl amydomonas sp. 

Fa1 1 
October  14/1973 

Baci 1 lariophyceae - Asterionel  1  a  graci 11 ima - Cymbella turgida - Fragilaria  crotonensis - Fragi 1 aria  vaucheriae - Gomphonema  01 i vaceum - Hannaea arcus - Melosira  distans 
- Navicula sp.  
- Ni tzschi a  aci  cul  ari s 
- Rhizosolenia sp. - Synedra  ulna - Tabel 1 a r i  a   fenes   t ra ta  

Chlorophyceae 
- Chlamydomonas sp. 

Crysophyceae 
- Dinobryon divergens 

Fa1 1 
October  14/1973 

Baci 11 ariophyceae 
- Fragilaria  crotonensis 
- Fragi 1 a r i a  vaucheri  ae 
- Gomphonema parvulum 
- Navi cul  a d i  cephal  a 
- Navicula 1 anceol a t a  
- Ni tzschia  aci  cul  ari s 
- Nitzschia  palea 
- Synedra  ulna 
- Tabel lar ia   fenestrata  

C h l  orophyceae - C h l  amydomonas sp. 
- Euglena sp. 

Crysophyceae 
- Dinobryon divergens 

f 

Crysophyceae 
- D i  no bryon d i  vergens 
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BIOLOGICAL  SAMPLING - PHYTOPLANKTON 

Sample S i t e  #11 - 
Summer 

J u l y  15/1973 

Baci l lar iophyceae 
- Achnanthes  nimutissima 
- Achnanthes sp. - Amphip leura  pe l luc ida 
- Amphora sp. 
- A s t e r i o n e l l a   g r a c i l l i m a  
- Coconeis  sp. 
- Cymbella  turgida 
- F r a g i l   a r i  a cons truens - F r a g i   l a r i  a crotonensis 
- F r a g i l a r i a   p i n n a t a  
- Frag i  1 a r ia   vaucher i  ae - Melos i ra   d is tans  
- M e l o s i r a   i t a l i c a  
- Melosira  tenuissima 
- Nav icu la  sp. 
- N i  t zsch i  a a c i   c u l   a r i  s 
- N i t zsch ia   pa lea  
- N i t z s c h i a   s p e c t a b i l i s  
- Stephanodiscus  niagare 
- Synedra  ulna - Tabel 1 a r i  a f e n e s t r a   t a  
- Tabe l l a r i a   f l occu losa  

Chl orophyceae - Chlamydomonas sp. 
- Closterium  sp. 

Crysophyceae 
- D i  nobryon d i  vergens 

Rhodophyceae 
- Batrachosperrnum sp. 

Fa1  1 
October  12/1973 

Baci 1 lar iophyceae 
- Achnanthes minut issima - As t e r i  one1 1  a g r a c i  1  1 ima 
- Coscinodiscus sp. 
- C y c l o t e l l a   s t e l l i g e r a  
- F r a g i l   a r i  a construens 
- F r a g i   l a r i  a crotonensis 
- Frag i  1 a r ia   vaucher i  ae (30%) 
- Epi  themi a sp. 
- M e l o s i r a   i t a l i c a  
- Navi   cul  a baci  11 i formi s 
- Navi   cul  a dicephal  a 
- N i t z s c h i a   a c i c u l a r i s  
- N i t z s c h i a   l f t t o r a l i s  - P innu la r ia   sp .  
- Pleurosigma  sp. 
- Stephanodiscus  astrea 
- Synedra u l  na 
- Tabel 1 a r i  a f e n e s t r a   t a  
- N i t z s c h i a   h o l s a t i c a  (30%) 
- Cymbel l a   t u r g i  da 

Chl  orophyceae - Chlamydomonas sp, 

Crysophyceae - Dinobryon  divergens (30%) 

Cyanophyceae - Anabaena sp. 

PROTOZOA - H a l   t e r i  a sp. 
f 
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