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During  the  summer  of 1990, a  receiving  environment  monitoring  study  was 
undertaken  by  Environmental  Protection  in  the  streams  potentially  influenced  by 
the  tailings  and  adit  drainages  of  United  Keno  Hill  Mines  in  the  Elsa/Keno  area 
of  the  Yukon. 

Based  on  the  data  collected  from  the  water  quality,  sediments,  and 
benthic  surveys,  it  is  apparent  that  Christal  Creek  influences  the  quality  of  the 
South  McQuesten  River.  There  is  an  increase in  the  metals in the  water  and in 
the  sediments,  downstream of the  confluence  of  Christal  Creek.  Levels  of  most 
metals in water  from  the  South  McQuesten  River  stations  remained  within  the 
recommended  guidelines  €or  the  protection  of  aquatic  life.  The  benthic 
community  is  altered  below  Christal  Creek  but  recovers  several  kilometres 
downstream.  The  major  source of contaminants  in  Christal  Creek  is  Galkeno 900 

adit,  as  evidenced  by  the  water  quality. 

. ,  

Several  abandoned  adits  on  Galena  Hill  seep  metal’-laden  waters  to  several 
creeks  draining  this  area.  These  creeks  cross  Highway No. 2 near  Elsa  and  empty 
into  swamps  located  between  the  highway  and  the  South  McQuesten  River.  The  c.reek 
channels  become  undefined in the  swamp  area  and  there  is  no  apparent  change in 
water  quality in the  South  McQuesten  River  where  these  waters  would  eventually 
seep  to. 

The  sediment  chemistry  displays  high  levels  of  metals in Christal  Creek 
and  Flat  Creek,  with  a  significant  increase in 1990 over 1985. Metals  levels 
were  highest in the  sediments of Flat  Creek,  which  drains  the  tailings  area. 

Benthic  communities  were  generally  diverse  and  dominated  by  Diptera  and/or 
Plecoptera.  However,  it  appears  that  the  elevated  levels of metals in sediments 
at  Station I, Flat  Creek,  had  reduced  the  overall  benthic  habitat  quality  as 
diversity  and  abundance  were  very low  at  that  site. . 
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Durant  1'Cte 1990, le  Service de Protection  de  1'Environnement  a  conduit 
une  etude  environnementale de  surveillance  des  eaux  receptrices  influencees  par 
les  residus  miniers  et le  drainage  des  galeries  d'accbs  de  la  mine  United  Keno 
Hill  dans  la  region  d'Elsa/Keno,  au  Yukon. 

Base  sur  les  donnees  recueillis de la  qualit6  de  l'eau,  des  sediments  et 
des  etudes  benthiques,  il  semble  apparent  que le  ruisseau  Cristal  influence  la 
qualit6  de  l'eau de la  Riviere  South  McQuesten. I1 y  a  eu  une  augmentation  des 
metaux  dans l'eau  et  des  sediments  en  aval de la  confluence  avec le ruisseau 
Cristal.  Les  niveaux  de  la  majorite  des  mktaux  dans  l'eau  de  la  riviere  South 
McQuesten  sont  conforme  aux  lignes  directrices  pour  la  protection  de  la  vie 
aquatique.  La comunaute benthique  a  et6  perturbee  en  aval  du  ruisseau  Cristal, 
mais  recupere  plusieurs  kilometres  plus  loin. La source de contaminants  du 
ruisseau  Cristal  est  la  galerie  d'acces  Galkeno 900, m i s  en  evidence  par  la 
qualite  de  l'eau. 

Plusieurs  galeries  d'acc6s  abandonnees du mont  Galena  ruissellent  vers 
plusieurs  ruisseaux  drainant  cette  region  avec  des  eaux  chargees de  metaux.  Ces 
ruisseaux  traversent  la  route No.2 pres  d'Elsa  et  se  deversent  dans  des  marecages 
situes  entre  la  route  et  la  rivi&re  South  McQuesten.  Le  lit de  ces  ruisseaux  se 
perds  dans  les  marecages  et  il  n'y  a  aucun  changement  dans  la  qualite de la  de 
l'eau de  la  rivi6re  South  McQuesten  oh  ces  eaux  ruissellent. 

La chimie  des  sediments  indique  des  niveaux  de  metaux  eleves  dans  les 
ruisseaux  Cristal  et  Flat,  avec  une  augmentation  significative  en 1990 en 
comparaison  avec  les  niveaux  de 1985. Les  taux  de  metaux  etaient  plus  eleves  dans 
les  sediments  du  ruisseau  Flat,  celui-ci  draine  l'etang  de  residus. 

Les comunautes benthiques  etaient  generalement  diverses  et  domines  par le 
dipteres  etloh  les  plecopteres.  Toutefois,  il  semble  que  l'klevation du niveau 
de metaux  des  s6diments 2 la  station 7 (ruisseau  Flat) , a reduit  la  qualit6 
globale  du  milieu  'aquatique,  puisque  la  diversite  et  l'abondance  des  invertebres 
etaient  les  plus  basses. 
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1.0 INTRODUCTION 

An investigation  of  water  quality,  water  quantity,  stream  sediments  and 
aquatic  invertebrate  populations  was  carried  out  by  Environmental  Protection 
July 24 to 26 and  September 19 to 21, 1990 in the  South  McQuesten  River 
watershed  in  the  vicinity of United  Keno  Hill  Mine  at  Elsa,  Yukon. 

The  purpose  of  the  investigation  was  to  determine if any  significant 
impact  from the  tailings  and  adit  drainages  was  detectable in the  receiving 
waters,  namely  Flat  Creek, Christa1,Creek and  the  South  McQuesten  River. 

The  information  collected  by  this  survey  is  compared  with  information  from 
previous  surveys  conducted  by  Environmental  Protection.  Further  comparisons  are 
made  with  invertebrate  information  collected  by  private  consultants in 
conjunction  with  water  licence  biological  monitoring. 
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2 . 0  STUDY AREA 

United  Keno  Hill  Mine  is  located  at  the  town of Elsa,  Yukon (63'55' N, 

135'30' W) approximately 450 km. by  road  north  of  Whitehorse  (See  Figure 1). 

This  area  is  underlain  by  graphitic  and  sericitic  schist,  phyllite  and 
quartzite.  The  ore  minerals  are  galena  (PbS),  sphalerite  (ZnS),  freibergite 
( (Cu,  Fe,  Zn,Ag)  (Sb,As) 4S13), and  chalcopyrite  (CuFeS,) . The  gangue  minerals  are 
siderite  (FeCO,  and  pyrite  (FeS,) . 

The first  recorded  discovery  of  silver-lead in the  area  was in 1903 on 
Galena  Hill.  Over  the  years  this  area  has  been  mined  for  silver,  lead,  zinc, 
cadmium and  some  gold.  In 1946, United  Keno  Hill  Mine  Ltd  began  mining  and 
milling  operations  and  have  operated in the  study  area  off  and  on  until 1989. 

The  mine  has  not  operated  since  January 6, 1989. In 1990, United  Keno  Hill 
Mines  Ltd.  submitted a  permanent  abandonment  plan  for  the  mine.  At  present  the 
mine  is  under  "care  and  maintenance"  with  some  exploration  ongoing. 

Although  there  was  no  actual  decant  from  the  final  settling  pond  at  the 
time  of  sampling,  seepage  from  the  pond  was  evident in Porcupine  Gulch,  which 
flows  into  Flat  Creek.  Flat  Creek  joins  the  South  McQuesten  River  approximately 
10 km  from  the  tailings  pond  decant.  Christal  Creek,  which  originates  at 
Christal  Lake 10, km east  of  Elsa,  flows  into  the  South  McQuesten  River 
approximately 12 km upstream  of  the  Flat  Creek  confluence.  Although  this 
tributary  is  not  directly  associated  with  the  tailings  effluent, it  is  affected 
by  drainage  from  several  abandoned  mine  adits  on  the  north  slope of  Galena  Hill 
and  the  south  slope of Keno  Hill. 

A total  of 20 sampling  stations  were  established in the  study  area,  some 
of  which  coincide  with  those  established in past  investigations  conducted  by 
Environment  Canada  and  by  private  consultants. All  sites  were  accessed  by  road 
or  by  foot.  Table 1 provides  station  descriptions.  Figure 2 identifies  station 
locations of the  receiving  waters  and  Figure 3 shows  the  locations  of  the  mine 
area  sample  sites.. 
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I F’IGURE 1 LOCATION OF STUDY AREA 
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STATION 

1 
2* 
3* 

4* 

6 
7 

8 
9* 

10* 

11* 

12 

13 
14 
15 
16 
17 
18 
19 
20 
21 

TABLE 1 STATION  DESCRIPTIONS 

DESCRIPTION 

Christal  Creek  immediately  d/s  of  highway  culvert 
Christal  Creek  immediately  d/s  of  Hansen  Lake  Road  bridge 
South  McQuesten  River  approximately  1.5  kilometres  u/s  of 
confluence  with  Christal  Creek 
South  McQuesten  River  at  domestic  water  supply  pumphouse, 
approximately 6 kilometres  d/s  of  Christal  Creek  confluence 
Flat  Creek  approximately  70m  u/s  of  the  highway  near  small  pumphouse 
Flat  Creek  at  old  bridge  crossing  approximately  600m  u/s  of 
confluence  with  South  McQuesten  River 
South  McQuesten  River  approximately  15m  u/s of Flat  Creek  confluence 
South  McQuesten  River  approximately 2 kilometres  d/s of Flat  Creek 
confluence Ir 
South  McQuesten  River  approximately  9  kilometres  d/s  of  Flat  Creek 
confluence 
South  McQuesten  River  approximately  15m  u/s  of  Haggart  Creek m 
confluence,  approximately  27  kilometres  d/s  of  Flat  Creek 

I 

6 

An unnamed  tributary  of  South  McQuesten  River  approximately 1.5 
kilometres  u/s  of  Station 4 L 
Star  Creek  u/s  of  highway 
Sandy  Creek  u/s  of  highway 
Galena  Creek  d/s  of  highway  culvert 
Galena  Creek  d/s  of  adit  drainage 
Porcupine  diversion  u/s  of  tailings  seepage 
Porcupine  diversion  d/s of tailings  seepage 

e 

Tailings  seepage  into  Porcupine  diversion 
No Cash 500 adit  drainage u / s  of highway 
Galkeno 900 adit  flow 

NOTE:  There  is  no  Station 5. 
* changes in  location  from  1985  survey  as  shown in Figure  2. 
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3.0 METHODS 

Surveys  were  conducted  in  the  study  area  on  two  occasions:  July 24 to 26, 

1 9 9 0  and  September 19 to 21, 1990. Surveys  included  water  quality,  water 
quantity,  sediment  and  benthos  sampling  at  all  locations  with  the  exception  of 
Stations 6 and 12 to 21, where  only  water  quality  was  collected. 

3.1 Water Ouality 

In situ  water  quality  measurements  included  temperature,  conductivity,  pH 
and  dissolved  oxygen.  Temperature  and  conductivity  were  measured  with  a  YSI 
Model 33 Temperature-Conductivity-Salinity  Field  Meter,  pH  was  measured  using a 
Hach  Chemical pH  meter,  and  dissolved  oxygen  was  measured  with  a  YSI  Model 57 

Dissolved  Oxygen Field  Meter.  The  latter  was  calibrated  using  the  water 
saturated  air  method  as  described  in  the  YSI  Manual.  Readings  were  corrected  for 
temperature,  elevation  and  salinity.  Percent  saturation  was  calculated  from 
oxygen  saturation  tables  derived  from APHA et  a1 (1981). A full  description  of 
field  equipment  and  measurements  is  given in Appendix  I,  Table 1. 

Water  quality  samples  included a 2 litre  plastic  bottle  for  nutrients  and 
physical  measurements, a 125 mL plastic  bottle  for  total  and  extractable  metals 
and a 125 mL plastic  bottle  for  dissolved  metals.  This  last  sample  was  filtered 
in  the  field  prior  to  preservation.  Sample  collection,  preservation  and  analysis 
methods  are  shown  in  Appendix I, Table 1. 

The  parameters  analyzed  in  each  nutrient  sample  are  as  follows: 

PH total  phosphorus 
conductivity  nitrites 
colour  nitrite + nitrate 
turbidity  ammonia 
non-filterable  residue  sulphate 
total  alkalinity  chloride 
filterable  residue 
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The  following  parameters  were  analyzed  in  each  of  the  dissolved,  total  and 
extractable  metals  sample: 

aluminium ( A l )  
antimony  (Sb) 
arsenic  (As) 
boron (B) 
barium  (Ba) 
beryllium  (Be) 
cadmium  (Cd) 
calcium  (Ca) 
chromium  (Cr ) 
cobalt  (Co) 

copper  (Cu) 
iron  (Fe) 
lead  (Pb) 
magnesium  (Mg) 
manganese ( M n )  
molybdenum  (Mo) 
nickel  (Ni ) 
phosphorus (PI  
potassium (K) 

selenium  (Se) 
silicon (Si) 
silver  (Ag) 
sodium  (Na) 
strontium  (Sr) 
tin (Sn) 
titanium  (Ti) 
vanadium (V) 
zinc (Zn) 

The  analyses  were  completed  at  the  Environmental  Protection  Laboratory, 
4195 Marine  Drive,  West  Vancouver,  B.C. 
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3.2 Water Ouantitv 
It 

Stream  flow was  measured  at  selected  stations  using a  Marsh  McBirney 
Electromagnetic  Flow  Meter.  Eleven  or  more  velocity  readings, in centimetres 
per  second,  were  taken  across  the  width  of  each  South  McQuesten  River  Station. 
On  the  narrower  Christal  and  Flat  Creek  Stations  five  or  more  readings  were 
taken.  Stream flows  were  calculated  by  dividing  the  width  of  the  stream  into 
equal  blocks,  according  to  the  number  of  readings  taken,  then  the  area  of  each 
block  was  determined  (water  depth X block  width).  This  area  was  then  multiplied 
by  the  stream  velocity  for  each  block  giving  a  cubic  meter  per  second  value 
(m3/sec) . All block  flows  were  added  together  to  arrive  at  a  total  discharge 
value. 

Flows  could  not  be  measured  at  any  of  the  South  McQuesten  River  sites in 
September  due  to  high  water. The Mayo  district  had  received  over 250% of  their 
normal  precipitation  totals  for  the  month  of  September  (Yukon  Weather  Centre, 
1990) . 

3.3 Sediments 

Sediment  samples  were  collected  in  triplicate  during  the  July  sampling. 
A teflon  scoop  shovel  was  used  to  collect  the  samples.  The  samples  were  placed 
in paper  geochemical  sampling  bags,  packaged in plastic  bags  and  then  frozen 
within 48 hours of collection. A description  of  sediment  collection,  preparation 
and  analysis  methods  is  given in  Appendix I, Table 2. 
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Each  sample  was  analyzed  for  particle  size  composition  and  the  following 
metals : 

aluminium ( A l l  
arsenic  (As) 
barium  (Ba) 
beryllium  (Be) 
cadmium  (Cd) 
calcium  (Ca) 
chromium J Cr ) 
cobalt  (Co) 
copper  (Cu) 

iron  (Fe) 
lead  (Pb) 
magnesium  (Mg) 
manganese ( M n )  
mercury  (Hg) 
molybdenum (Mo) 
nickel  (Ni) 
phosphorus (P) 
potassium(K) 

silicon  (Si) 
silver  (Ag) 
sodium  (Na) 
strontium  (Sr) 
tin  (Sn) 
titanium  (Ti) 
vanadium  (V) 
zinc  (Zn) 

Particle  size  analysis  was  carried  out  by  the  Water  Survey  of  Canada 
Laboratory  in  New  Westminister,  B.C.  The  sediment  samples  were  analyzed  for 
metals at  the  Environmental  Protection  Laboratory, ,4195 Marine  Drive,  West 
Vancouver,  B . C . 

3 . 4  Bottom Fauna 

Benthic  invertebrate  sampling  was  conducted  us'ing  artificial  substrate 
samplers.  The  samplers  were  cylindrical  wire  baskets  (maximum  volume = 0.0057 

cubic  meters)  filled  with  local  substrate  material  ranging  from  2 cm to 6 cm in 
size.  The  material  was  hand  cleaned  to  remove  organic  debris  and  invertebrates. 
Three  samplers  per  site  were  placed in  the  stream  where  in  situ  measurements, 

I water  and  sediment  samples  were  collected,  on  July 24 to  26, 1990. The  samplers 

were  left  to  be  colonised for a  period of approximately 8 weeks.  On  September 
19 to 21, 1990 the  baskets  were  retrieved  and  immediately  placed  into  a  Wildco 
wash  bucket  with 0.5 mm mesh  bottom.  The  bucket  was  held  downstream  during 
retrieval  of  the  sampler in order  to  capture  any  escaping  organisms.  Rock  and 
large  wood  debris  was  hand  scrubbed in the  wash  bucket  to  remove  invertebrates 
and  then  discarded.  Invertebrates  and  fine  debris  from  each  basket  were  combined 
into  a  composite  sample  for  each  station. A 10%  formalin  solution  was  used  to 
preserve  the  samples  until  sorting  could  be  carried  out. 
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In  the  Whitehorse  Environmental  Protection lab,  bottom fauna  were  removed 
from  the  other  material  and  placed in  a  labelled  vial  containing 70% methanol. 
These  vials  were  sent  to  Dr.  Charles  Low,  a  consulting  Invertebrate  Biologist in 
Victoria,  B.C.,  for  identification  and  enumeration of the  invertebrates. 
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3 . 5  Laboratorv Qualitv Control 

m 
Systematic  error  and  sample  contamination  during  analysis  at  the 

Environment  Protection  Laboratory  are  'minimised  through  duplicate  analysis, 
procedural  blanks  and  the  use of standard  reference  materials.  Internal  lab 
quality  control  is  carried  out  routinely in all  water  and  sediment  analysis 
before  results  are  released. 

I 

m 

At the  Whitehorse  lab,  prior  to  shipping  out  the  invertebrates,  the 
retained  debris  was  randomly  re-sorted  to  ensure  all  organisms  had  been  removed. I 

4 . 0  RESULTS AND DISCUSSION 

4 . 1  Water Oualitv 

In situ  measurement,  nutrients  and  metals  (dissolved,  extractable  and LI 

total)  results  for  both  sample  periods  are  presented  in  Appendix  11,  Tables 1 and 
2. Criteria  recommended  for  drinking  water  and  aquatic  life  are  presented in 
Appendix I, Table 4. I 

In  September, an additional  seven  stations  were  sampled  to  assist  in 
determining  possible  sources  of  contaminants  to  the  receiving  waters  of  the  study 
area. 

Galena  Creek  (Stations 15 and 16) flows  directly  into  Flat  Creek.  Stations 
17 to 19 eventually  flow  or  seep  into  Flat  Creek. No Cash 500 adit  (Station 20)  

flows  across  the  highway  into  the  swamp  area.  From  the  examination  of  airphotos 
(flown  in 1987) , no  defined  stream  channels  could  be  determined  draining  the 
swamp  area.  The  waters  either  seep  overland  or  underground  to  eventually  enter 
Christal  Creek  and/or  the  South  McQuesten  River.  In  June 1991, a  small  creek  was 
observed  flowing  into  the  South  McQuesten  River  just  downstream  of  the  confluence 
with  Christal  Creek,  by  EP  field  staff.  Water  quality  samples  were  collected  and 
the  results  indicated  clean  water  (Vic  Enns,  Personal  communication).  Stations 
13 and 14 have  the.same  fate  as  Station 20. Galkeno 900 adit  (Station 21) flows 
into  Christal  Lake  which is  drained  by  Christal  Creek. 

m 
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These  sites  will  not  be  discussed  parameter  by  parameter  (although  all  the 
data  is  included in  Appendix  11)  but  only  as  applicable  where  discussing  the 
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various  receiving  stations'  water  quality. 

Station 12, which  is  a  small  unnamed  tributary  of  South  McQuesten  River 
approximately 1.5 km upstream  of  Station 4, was  sampled  in  July  and  also  in 
September as a  possible  source  of  overland  drainage  from  the  tailings  area. 
There  were  very  low  levels  of  metals  and  the  only  anomaly  was  elevated  levels  of 
barium.  The  highest  level  of  barium  (0.119  mg/L)  for  the  study  area  was  recorded 
here.  This  is  well  below  the  recommended  limit  of  0.5  mg/L  for  the  protection  of 
aquatic  life. 

4.1.1 Temperature 

In situ  temperature  readings  reflected  the  seasonal  changes.  Generally, 
the  South  McQues.ten  River  was  warmer  than  the  tributaries. 

4 . 1 . 2  p H  

In  July,  pH  measurements  were  determined  in  the'  field.  In  September,  the 
pH  meter  malfunctioned  and  samples  for  pH  were  analyzed  in  the  Vancouver  lab. All 

of the  waters  tested  were  slightly  alkaline.  This  is  characteristic  of  the  area 
(Environmental  Protection  Service,  1978) . 

4.1.3 Conductivity 
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Conductivity  was  determined in the  field  as  well  as in the  Vancouver  lab. 
For  ease  of  interpretation,  the  in  situ  measurements  were  used  as  there  was  a 
significant  increase in  the  conductivity  values  by  the  time  they  were  read  in 
the  lab.  Conductivity  levels  were  generally  high  throughout.  September  values 
were  lower  than  July  values.  The  levels  in  the  South  McQuesten  River  were  fairly 
consistent  from  upstream  to  downstream.  In  July  conductivity  was  approximately 
250  pmhos/cm  and  in  September  it  was  approximately  175  @os/cm.  The  tributaries 
had  higher  conductivity  values. 

A very  high  value  of  conductivity  (1290  pmhos/cm)  was  recorded,  during  the 
September  survey,  at  Galkeno  900  adit(station 21) and  this  is  reflected in 
Christal Creek  at  Stations 1 and  2.  High  conductivity  values,  468  to  850 
pmhos/cm,  occurred  at  Stations  15  to  19  and  this  could  be  influencing  the  high 
value  at  Station  7,  Flat  Creek.  Upstream  on  Flat  Creek,  Station 6, the 
conductivity  was  approximately 100 pmhos/cm  lower. 
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4.1.4 Dissolved Oxygen 

All samples  were  well  oxygenated  ranging  from  8.9  mg/L  to  11.9  mg/L.  Oxygen 
concentrations  were  at  or  near  saturation  although  saturation  levels  were  lower 
in September.  The  oxygen  levels  encountered in the  study  would  not  be  limiting 
to  aquatic  life. 

4.1.5 Colour 

Colour  values  were  generally  low; 5 or 10 during  July  and 10 to 20 during 
September.  Higher  colour  values  were  recorded  at  Station 13 in  July and  Station 
19  in  September. 

4.1.6 Turbidity 

Turbidity  was  low,  1 FTU or  less,  throughout  the  study  area  except  at 
Stations  15, 40, 25  and 10 where  the  values  were  15, 40, 25  and 10, respectively. 

4.1.7  'Alkalinity 

Alkalinity  values  were  similar  between  sampling  periods.  The  tributaries 
had  higher  levels  than  the  South  McQuesten  River. 

4.1.8 Hardness 

Hardness  values  generally  reflected  the  conductivity  levels  due  to 
concentrations of dissolved  ions.  There  was  little  difference  between  total 
hardness  and  Ca+Mg  hardness,  indicating  that  the  hardness  levels  were  mainly 
attributed  to  the  calcium  and  magnesium  levels.  The  waters  throughout  the  system 
are  hard (121 to  180  mg/L  as  CaCO,)  to  very  hard  (more  than  180  mg/L  as  CaCO,). 
The highest  hardness  value of 1190  mg/L  as  CaCO,  occurred  at  Galkeno 900 adit 
(station  21)  during  the  September,  1990  survey. 

4.1.9 Sulphate 

Sulphate  levels  were  low  in  the  South  McQuesten  River,  32  to  58  mg/L,  but 
greatly  elevated  in  the  tributaries  and  adit  flows.  This  is  a  result  of  oxidation 
of the  sulphide  rock  associated  with  the  ore  bodies.  The  highest  sulphate 
concentration  was  recorded  at  Galkeno 900, adit  with  a  reading  of  1090  mg/L. 
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4.1.10 Chlorides, 

Chlorides  were  generally  low  throughout,  ranging  from 0.5 mg/L  in  the  South 
McQuesten  River  (Station 3 )  to 11.7 mg/L  in the  tailings  seepage  at  Station  19. 

4.1.11 Phosphorus 

Total phosphorus  values  were  low  throughout  the  study  area  with  one 
elevated  level  of  0.99mg/L  at  the  tailings  seepage  (Station  19). 

4.1.12 Ammonia 

Ammonia is not  considered  a  problem  in  the  study  area  and  all  receiving 
waters  were  well.  below  the  guideline  for  the  protection of aquatic  life. 

4.1.13 Filterable  Residue 

Filterable  residue  levels  generally  reflected  the  conductivity  values. 

4.1.14 Non-filterable  Residue 

NFR values  were  below  the  detection  limit  in  the  receiving  waters  but  were 
elevated  at  Station 13 in  July  and  Station  19  in  September. 

4 . 1 . 1 5  Metals - Dissolved,  Extractable ' k d  Total 

The  following  metals  were  not  detected in the  receiving  waters  (Stations 
1 to 11) : beryllium  (Be),  cobalt  (Co),  potassium (K), molybdenum (Mo), nickel 
(Ni) , phosphorus (P) , antimony (Sb) , and  vanadium (V) . 

Boron (B), barium  (Ba),  chromium  (Cr),  copper  (CUI,  sodium  (Na),  silicon 
(Si)  and  strontium  (Sr)  were  detected  in  the  receiving  waters  but  were  below  the 
recommended  maximum  levels  for  drinking  water  and  protection of aquatic  life. 

Silver  (Ag)  was  detected in  all  the  samples.  The  September  values  were 
not  considered  since  results  from 14 of the 21 samples  reported  Total  Ag  was  less 
than Dissolved  Ag.  This  suggested  the  dissolved  metals  samples  were  probably 
contaminated  from  the  field  filtering  procedures.  Only  one  sample  (station 6 )  

displayed  the  above  trend  during  the  July  sampling. The  guideline  for  the 
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protection  of  aquatic  life  is  0.0001  mg/L  and  although  all  stations  exceeded  this 
level  the  recorded  values  were  very  low. 

Aluminium ( A l l  was  usually  below  detection  at  most  stations. The  guideline 
of 0.1 mg/L  was  exceeded in  September  in  the  total  metals  sample  at  Stations  3, 
4, 8  and  9.  Levels  were  nonetheless  very  low.  The  tailings  seepage  (Station  19) 
had  an  elevated  level  of  1.35  mg/L  Aluminum  but  it  was  not  detected  in  Flat  Creek 
at  Station  7. 

Wsenic ( A s )  was  detected  in  July  at  Stations  3,  8  and 10. The  recommended 
guideline  for  aquatic  life  is 0.05 mg/L. .This was  exceeded  at  all  three  sites 
although  the  highest  concentration  recorded  was  0.07  mg/L. 

Calcium  (Ca)  and  magnesium (Mg)  are  components  of  the  measure  of  hardness 
and  their  values  reflect  the  hardness  levels  at  the  stations.  Higher  calcium  and 
magnesium  values  could  indicate  influence  from  groundwater  at  those  sites. 

There  was  very  little  iron (Fe)  in the  dissolved  state. A guideline  of 
0.3  mg/l  total  iron  has  been  recommended  for  the  protection  of  aquatic  life.  This 
was  exceeded  at  the  downstream  site on the  South  McQuesten  River  at  Station  11 
in  July.  Iron  values  consistently  increased  as  one  progressed  downstream  on  the 
South  McQuesten  River.  Flat  Creek  at  Station 7 had  lower  iron  levels  than  in  the 
river.  Elevated  levels  of  iron  were  recorded in the  adit  drainages  and  the 
tailings  seepage.  Iron  is  typically  high in acid  mine  drainage  (McNeely  et  al, 
1979a).  Orange  staining  was  observed  at  some  of  these  discharges.  This 
indicates  that  iron  hydroxides  are  precipitating  from  the  water  as  the  oxygen 
content  (aeration)  increases  (Babb  et  al,  1985). 

Manganese (Mn) seldom  reaches  concentrations  of  1.0  mg/L in natural  surface 
waters  (CCREM  1987)  and  all  the  stations  on  the  South  McQuesten  River  were  well 
below  this.  However,  Christal  Creek  and  the  adit  drainages  had  highly  elevated 
levels,  most of which  were in  the  dissolved  state.  Galkeno 900 adit  flow 
(Station  21)  had  a  total  concentration  of  68.9  mg/L,  contributing  to  the  high 
levels  recorded  in  Christal  Creek.  Stations 13 and 20 also  had  elevated  levels 
(9.2  mg/L  and  32.1  mg/L  respectively)  but  there  appears  to  be  little  impact  on 
the  South  McQuesten  River  where  eventually  these  waters  would  drain  into. 
Manganese  is  often  associated  with  subsurface  and  acid  mine  waters  (McNeely  et 
al,  1979b). 
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In  surface  waters  divalent  manganese  will  be  rapidly  oxidised  to  manganese 
dioxide  which  will  then  undergo  sedimentation  when  the  waters  contain  high 
dissolved  oxygen  and  are  slightly  alkaline  (St-  and  Morgan, 1970). This  could 
be  the  case  experienced  in  the  study  area  as  there  are  elevated  manganese  levels 
in  the  sediments  at  Station 1, 2, 4  and 7 (see  Section  4.3.2). So, although  there 
are  very  low  levels of  manganese in  the  water  at  Stations  4  and 7 ,  manganese 
seems  to  be  precipitating  out  and  settling in these  areas. 

The  toxicity  of  cadmium  (Cd),  copper (Cu), and  lead (Pb) varies  with 
hardness,  and  different  guidelices  are  recommended  depending  on  the  hardness  of 
the  water. As mentioned  previously  all  the  water in the  study  area  was  hard  or 
very  hard. The  guidelines  for  these  various  metals  were  under  the  hardness 
category  of >120' mg/L CaCO,. 

For  the  protection  of  aquatic  life  a  guideline  of 0.0013 mg/L  of  cadmium 
has  been  recommended.  This  was  exceeded  both in July  and  September  at  Stations 
1, 2 and 7. All cadmium  levels  in  the  South  McQuesten  River  were  very  low. The 
highest  total  cadmium  value  of  0.193  mg/L  was  recorded  in  July  at  Station  13,  the 
corresponding  dissolved  cadmium  value  being 0.112 mg/L. 

A guideline  of  0.004  mg/L  of  copper  has  been  set  to  protect  aquatic  life. 
Dissolved  copper  values  were  all  higher  than  the  extractable  and  total  values  and 
therefore  were  disregarded  as  contaminated. This  guideline  was  not  exceeded  by 
total  copper  measurements  at  any  of  the  receiving  stations.  The  highest 
concentration  of  copper (0.132 mg/L)  occurred  at  Station  13  in  July. 

A lead  concentration  of  0.004  mg/L  has  been  established  as  the  recommended 
guideline  for  the  support  of  aquatic  life.  This  value  was  exceeded  at  Flat  Creek 
(Station 7 )  in  July  and  at  Stations 1, 2, 7, 8, 9, 10 and 11 in September.  The 
South  McQuesten  River  Stations  were  slightly  over  the  guideline.  There  were 
elevated  levels  of  lead in.the tailings  area,  Stations 16 to  19,  at No Cash  adit 
(Station 20) and at  Station 13. 

A guideline  of 0.03 mg/L  of  zinc  has  been  recommended  for  the  protection 
of  aquatic  life.  Values  were  generally low in  the  South  McQuesten  River  but  all 
total  zinc  concentrations  exceeded  this  guideline in July. The  guideline  was 
exceeded  in  the  South  McQuesten  River at  one  site  only  in  September,  Station 3,  

the  upstream  site.  The  guideline  was  exceeded on  all  occasions  at  the  Christal 
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Creek  sites.  Of  the  remaining  sites,  the  guideline  was  met in  July  at  Station 
12 and  in  September  at  Stations 6, 12 and 15. 

Zinc  was  very  high  at  the  adit  drainage  sites  (Stations 13,  14, 20 and 21) 
but  surprisingly  low  at  the  tailings  seepage  sites  (Stations 17 to 19). The  high 
concentrations  of  zinc  found in  the  adit  seep  waters  were  associated  with  high 
concentrations of manganese  and  sulphate.  High  concentrations  of  sulphate 
increases  the  zinc  carrying  capacity  and  favours  the  solution  phase. As the 
concentration  of  sulphate  goes  down  the  carrying  capacity  will  correspondingly 
go  down  and  zinc  will  enter  the  particulate  phase  (Babb  et  al, 1985). Sulphate 
levels  decrease  downstream  on  Christal  Creek  (Appendix 11), but  the  concentration 
of  zinc  in the  sediments  is  greater  downstream  at  Station 2 than  at  Station 1 
(See  Section 4.3.2). 

Table 2 presents  historical  data  of  zinc  levels  over  the  years  reported in 
previous  studies  for  Stations 1, 7, 8 and 9. Generally,  zinc  levels  have 
increased  at  Christal  Creek  at  Station 1, and  decreased in the  South  McQuesten 
River  downstream  from  Flat  Creek  at  Station 9. This  data  has  been  summarised  per 
year  and  is  presented in Figure 4. 

TABLE 2 HISTORICAL COMPARISON OF ZINC LEVELS IN WATER (mg/L) 

I 3  st8tion 

1 

7 

8 

9 

Description 

Christal Creek 
d/s of highway 

culvert 

Flat Creek at 
old bridge 
crossing 

S. McQuesten 
River u/s of 
Flat Creek 

S. McQuesten 
River d / s  of 

Flat Creek . 

1 BPS 1 c:y 
Jbne 

1974 1975  1975 

0.17 0.22 0.23 

0.73 0.6 0.77 

0 .02  0.07 

0.59 0.09 0.74 

Note: All zinc values are exctractable except Burns 1990, which is total. 
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FIGURE 4 HISTORICAL  COMPARISON OF ZINC  LEVELS 

AT CERISTAL  CREEK AND THE SOUTH  MCQUESTEN RIVER 
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4 . 2  Water Quantity 

J 

Flow  measurements  were  taken  when  possible  during  both  visits at  Stations 
1, 2, 3,  4, 7 ,  8, 9, 10 and 11. This  data  is  presented  in  Table 3 .  Flows  had 
increased  considerably  by  the  September  sampling  and  no f l o w  measurements  could 
be  taken  at  any of the  sites  on  the  South  McQuesten  River due to  high  water. 

Y 
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TABLE 3 WATER FLOW MEASUREMENTS 

4.3 Stream  Sediments 

4.3.1 Particle  Size  Distribution 

Particle  size  distribution ( % )  results  are  presented in  Appendix  I11  Table 
1. In general, the  sediment  samples  were  composed  chiefly  of  material  in  the 
>2.0 mm size  range,  ranging  from 64.5% at  Station 1  (Christal  Creek)  to 83.6% at 
Station  11 (S. McQuesten  River). 

Station 1,  Christal  Creek  just  downstream  of  Christal  Lake,  had  the 
greatest  percentage of silt (2.9) ,of all  the  stations. It also  had  the  highest 
amount  of  sands  (grain  size 0.063 to 1.0 mm). 

The  overall  trend  for  the  South  McQuesten  River  was  that  the  further 
downstream  from  the  confluence  with  Christal  Creek,  the  coarser  the  composition 
of the  sediment. 

Flat  Creek  sediments  also,  were  comprised  mainly  of  coarse  sand  and 
gravels. 
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4 . 3 . 2  Sediment Metal Analysis 

The metals  results  are  presented in Appendix I11 Table 2. Of  the  metals 
analysed,  cobalt,  molybdenum  and  tin  were  not  detected.  Of  the  metals  detected 
cadmium,  copper,  manganese,  lead  and  zinc  are  discussed  in  further  detail  in  this 
section.  Sediment  sampling  was  conducted  in  1985  (Davidge  and  Mackenzie-Grieve, 
1989)  and  comparisons  have  been  made  between  this  data  and  the  1990  data  for  the 
above selected  metals  (see  Table 4) . Stations 2, 3 ,  4, 9, 10 and  11  were  re- 
located from  that  used in  1985  to  take  advantage  of  the  existing  access. 
Differences  in  sediment  chemistry for these  sites  between  1985  and  1990  may  be 
explained  by  this  change. 

TABLE 4 COMPARISONS OF METALS I N  SEDfMENTS FRa 1985 AND 1990 

1985 1990 1985 1990 1985 1990 1985 1990 1985 

IISTATIm Cd Cd cu cu Mn Mn Pb Pb Zn lggo Zn II 

Note: All values  are  the  mean  for  triplicate  samples. 
* Exact  Locations  differ  between  1985  and  1990. 
** Significant  differences (p < 0.05)  between  the  two  sampling  surveys. 

Cadmium,  copper,  manganese,  lead  and  zinc  were  elevated in the  sediments 
[I of  the  two  streams  draining  the UKHM mining  area  (Christal  Creek  and  Flat  Creek) 

in 1985  and  1990.  Except  for  copper,  all  the  metals  had  higher  concentrations 

m in 1990 than  in  1985  at  the  far  downstream  sites  (Stations 10 and 11) on  the 
South McQuesten  River. The  historical  comparison  of  zinc  shown  on  Table 2 
indicates  that  increases in metal  loading  from  the  site  may  be  responsible  for 

J 
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higher  metal  concentrations in  the  sediments  as  the  bedload  gradually  moves 
downstream. 

Christal Creek  showed  an  impact  on  the  South  McQuesten  River  sediments. 
The  background  station  (Station 3) had  very low metals  values,  but  the  levels 
were  significantly  higher  at  Station 4, downstream  of  Christal  Creek.  Flat  Creek 
also  exhibited  an  impact on the  South  McQuesten  River  sediments  as  levels  were 
lower  upstream  than  downstream.  The  influence  of  Flat  Creek on  South  McQuesten 
sediments  was  less  than  that of Christal  Creek,  especially in 1990. 

Cadmium  levels  were  elevated  in  Christal  Creek  and  in  Flat  Creek,  although 
Flat  Creek  appeared  to  have  no  impact  on  the  South  McQuesten  River  sediments. 
There  were  increased  levels  of  cadmium in 1990 at  Station 11, the  site  furthest 
downstream  on  the  South  McQuesten  River  (See  Figure 5). The  average  cadmium 
concentration  at  this  site  was 34.5 mg/kg.  The  average  concentration  of  cadmium 
in the earth's  crust  is 0.2 mg/kg  (Taylor, 1964). Cadmium  is  commonly  found 
associated  with  zinc  sulphide  ore,  particularly  sphalerite,  which  is  a  common 
mineral  in  the  study  area. 

FIGURE 5 S E D m N T  CADMIUM DATA FOR 1985 AND 1990 
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Copper  results  were  very  similar  for  both  years  with  the  exception  of 

I the  South  McQuesten  River  just  downstream  of  Flat  Creek  (Station 9) which  was 

twice  as  high  in 1985 as  in 1990. This  may  be  partly  explained  by  the  relocation 
of  Station 9 further  downstream  of  the  confluence  of  Flat  Creek in 1990. 

I 

Manganese  levels  were  greatly  elevated in 1990 at  Flat  ‘Creek  (Station 7 ) .  

I Although  all  the  stations  seem  to  show  elevated  manganese  levels  in 1990, the 

values  were  not  significantly  different (p>0.05) than  the  concentrations  reported 
in 1985. Manganese  is  often  present in zinc  minerals  and  the  same  trend  was 
observed  with  the  zinc  levels in  the  sediments. 

LJ 

1, FIGURE 6 SEDIMENT MANGANESE  DATA FOR 1985 AND 1990 
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Significant Diference at  Station 7 (p<0.05) 

Lead  levels  were  significantly  lower in 1990 than in 1985 at  Station 2 
while  being  significantly  higher  at  station 11 (See  Table 4). 

As previously  mentioned,  the  concentrations  of  zinc in the  sediments 

followed  the  same  trend  as  for  manganese.  It  would  be  expected  that  sediments 
of  rivers  draining  mineralized  areas  would  have  elevated  zinc  levels.  Sediments 
remove  about 70% of  water-borne  zinc  from  rivers  (Taylor, 1980). 
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Several  factors  influence  exchanges  across  the  sediment-water  interface. 
Although  metals  may  be  bound in sediment,  physical  or  chemical  changes  such  as 
a  lowering  of  pH,  could  place  them  into  solution  making  them  available  to  aquatic 
life  (Forstner, 1 9 8 9 ) .  

I 

4 . 4  Stream Benthic Fauna 

Appendix  IV,  Table 1 shows  the  taxonomic  list  of  the  bottom  fauna  collected 
in the  study  area.  Appendix  IV,  Table 2, shows  the  distribution  of  the 
invertebrates  identified in the  samples. yr 

Invertebrates  were  keyed  to  species  where  possible,  or  to  genus  or  family - 
level  only,  if  full  identification  was  not  possible.  However,  some  invertebrates 
could  only  be  keyed  to  the  phylum  level,  such  as  nematodes.  Genera  or  species 
shown  in  brackets  indicate  that  the  identification  was  tentative. 

4 . 4 . 1  Taxonomic Features 

A total  of  six  phyla  were  found in the  study  area:  arthropoda,  nematoda, 
platyhelminthes,  annelida,  Coelenterata,  and  mollusca.  These  phyla  represent 161 CI 

different  taxonomic  groups,  most  of  which  were  identified  to  the  genus  or  species 
level. The vast  majority  of  the  invertebrates  collected  were  of  the  Class 
Insecta ( 9 4 . 5 % )  . A total  of 16,580 individuals  was  collected  from  the  nine 
stations  sampled. 

e 
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The  greatest  number  of  individuals ( 6 8 7 6 )  was  found  at  Station 3 on  the 
South  McQuesten  River,  which  acts  as  a  control  station  for  this  study  as  it  is 
upstream  of  the  mine  influenced  tributaries. 

(li 

The  lowest  abundance (166) occurred  at  Station 7, Flat  Creek,  which  is  the It 

station  that  receives  the  greatest  influence  from  the  tailings  pond  decant  and 
seepages. 

a k  

Taxonomic  richness  was  determined  for  each  site.  All  taxonomic  groups  were 
included  from  species  up  to  phylum,  with  the  presence  of  a  taxon  representing  one 
count.  Therefore  if  there  were 1 6  different  taxonomic  groups  in  one  sample,  the 
taxonomic  richness  would  be 16. The  taxonomic  richness  ranged  from  a  low  of 24 

at  Station 7, Flat  Creek,  to  a  high  of 82 at  Station 11, the  South  McQuesten 
River 27 krn downstream  from  Flat  Creek.  The  summarized  data is  shown in Table 5. 
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The percent  composition  of  the  different  orders  was  calculated  for  each 
station  and  based  on  this  the  dominant  order f o r  each  site  was  determined. An 

order  was  considered  dominant  if  it  formed 25% or  more of the  total  invertebrates 
at  that  station.  Some  sites  had  two  dominant  orders.  These  data  are  also 
presented in Table 5. Diptera  was  the  dominant o r  co-dominant  order  at  each of 

the  stations  except  for  Station 7 ,  Flat  Creek,  where  Homoptera  was  the  dominant 
order.  Homoptera  are  terrestrial  and  the  family  Aphididae,  which  was in 
abundance  here,  are  aphids.  There is  a  great  deal  of  overhanging  vegetation  at 
the  Flat  Creek  site and  the  aphids  probably  fell  into  the  stream  during  the 
retrieval  process.  The  dominant  aquatic  order  was  Plecoptera,  with  the  genus 
Nemoura  forming  the  majority.  Nemoura  has  been  shown  to  exhibit  adaptation  to 
various  pollutants  (Wiederholm,  1984).  Plecoptera  was  also  the  dominant  or 
co-dominant  order  at  Stations  1,2,4  and 8.  

FIGURE 7 STATION  LOCATIONS FOR TABLE 5 

TABLE 5 S-Y OF ABUNDANCE,  TAXANOMIC  RICHNESS AND DOMINANCE 
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4.4.2 Tributary Stations 

m 

Diptera  and  Plecoptera  were  the  dominant  orders  at  Christal  Creek,  Station 
1.  Simulidae  (Black  flies)  was  the  dominant  family  within  the  order  Diptera. 
Simulidae  was  also  the  dominant  family  in  1975  and  1985.  The  habitat  is  ideal  for 
the  larvae at  this  location  as  it  is  shallow  and  the  current  is  swift.  There 
were  high  levels of zinc  in  the  water  sampled on  both  dates,  well  over  the 
recommended  guideline  for  the  protection  of  aquatic  life.  However,  the  most 
tolerant  benthic  organisms  to  heavy  metals,  have  been  found to  be  insect  larvae 
(Spear,  1981). 

At  Christal  Creek  (Station Z), abundance  had  increased  approximately  three 
times  but  the  taxanomic  richness  had  decreased.  Simulium  was  also  one  of  the 
dominant  genera. 

Flat  Creek,  Station 7, had  the  lowest  population  and  taxonomic  richness of 

all the  sites  sampled.  Zinc  levels  exceeded  the  recommended  guideline  at  this 
site, ranging  from 0.069 to 0.254 mg/L.  Toxicity of zinc  increases in the 
presence  of  other  metals  often  producing  an  additive  or  synergistic  effect 
(Taylor  and  DeMayo  1980,  Nriagu,  1980).  Lead  levels  were  above  the  recornended 
guideline  (CCREM,  1987)  except  for  dissolved  lead,  both in  July  and  September. 
However,  both  copper  and  cadmium  levels  were  below  the  recommended  limit. As 

levels  of  metals in the  sediments  were  greater  here  than  at  any  of  the  other 
stations  (Appendix  111,  Table 21, this  could  have  contributed  to  the low 
abundance  and  diversity of the  benthic  community. 

4.4.3 South McQuesten  River  Stations 

Abundance  and  taxonomic  richness  values for the  stations  on  the  South 
McQuesten  River  were  plotted  (See  Figure  8). It appears  from  this  graph  that 
both  abundance  and  diversity  decrease  after  the  confluence  with  Christal  Creek. 
The sites  start  to  recover  downstream  of  Flat  Creek  and  continue  to  improve 
downstream  to  Station  11.  Due  to  high  water in September  some  difficulty  was 
encountered in retrieving  the  baskets  from  Stations  10  and  11.  It  is  believed 
that  some  organisms  were  lost  in  this  process  and  although  abundance  had 
continually  increased  downstream  of  Flat  Creek, it can  be  assumed  that  there 
would  be  even  greater  abundance  at  Stations  10  and 11  than  recorded.  Generally, 
the  downstream  site  Station  11  was  similar in abundance  and  taxanomic  richness 
to  the  upstream  site  Station 3,  although  species  composition  was  different. 

Ilr 
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Diptera was  the  dominant  order at a l l  the sites. No one  particular family 
displayed  dominance but several  taxa within the  order  Diptera were well 

represented at each station. 

FIGURE 8 ABUNDANCE AND TAXANOMIC RICHNESS 
SOUTH MCQUESTEN RIVER STATIONS 

r 100 
I In 

3 4 8 9 10 11 
Stations 

OAbundance  IZiTaxanomic  Richness 

The  study  area  has  been  the subject of eight studies  from  1975 to 1990. 
T h i s  h i s t o r i c  data is summarised in Table 6. 

Y 
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TABLE 6 HISTORIC 'S-Y OF BENTHIC ANALYSES FOR STATIONS 1,3,7,8 AND 9 

I Study & Year BPS Burns Burns Leverton N .  BIOMES N .  BIOMES BPS EPS 

1975 1985 1986 1987 1988 1989 1990 1990, 

Note: Total # of individuals data has been  normalized to provide equivalent units. 
D = Diptera 
P = Plectopera 
H = Homoptera 
E = Ephermoptera 

#. 

IL 

IL 
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Invertebrate  abundance  has  fluctuated  over  the  years  and  this  variance can 
be attributed  to  many  factors  such  as  climate,  flow,  life  cycles  of  various 
organisms,  timing  and  methods  of  sampling  etc.  At  Station 9 the  population 
decreased  to  approximately 800 individuals  in 1987 and  remained  in  that  general 
range  for  the  next  three  years  until 1990. There  has  been  a  shift  in  dominance 
from  Diptera  to  Diptera  and  Ephemoptera  for  several  years  and  then  back  to 
Diptera.  In  general,  most  of  the  stations  throughout  the  years  were  dominated 
by  Dipterans.  Species  composition  within  the  order  Diptera  was  different 
between  years. 

It  is  difficult  to  interpret  the  McQuesten  data  collected  under  the  terms 
of  the  water  licence,  as  there  was no station  upstream  of  Christal  Creek,  which 
is  a  major  source  of  zinc  enrichment  to  ,the  South  McQuesten  River.  Neither  the 
1975 nor  the 1985 EP data  display  clear  trends  in  abundance  and  diversity  at  the 
three  South  McQuesten  stations. 
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APPENDIX I 

COLLECTION,  PRESERVATION, ANALYSIS OR IDENTIFICATION 

METHODS AND WATER  QUALITY  CRITERIA 
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APPENDIX I1 

WATER QUALITY DATA 
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STREAM SEDIMCNTS DATA 
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APPENDIX 111 TABLE1  PERCENT  PARTICLE  SIZE  DISTRIBUTION.  JULY 24 - 26/90 

Total 
% Size Range mm Weight 

STATION  SAMPLE# ~0.063 0.063-0.15  0.15-0.25  0.25-0.5  0.5-1.0  1.0-2.0  >2.0  g 

1  1 
2 
3 

mean 
STD 

2  4 
5 
6 

mean 
STD 

3  7 
8 
9 

. mean 
STD 

4 10 
11 
12 

mean 
STD 

7 19 
20 
21 

mean 
STD 

8 22 
23 
24 

mean 
STD 

9 25 
26 
27 

mean 
STD 

10 28 
29 
30 

mean 
STD 

11  31 
32 
33 

mean 
STD 

STD = Standard  Deviation 

0.4 
7.8 
0.4 
2.9 
4.3 

0.3 
0.3 
0.2 
0.3 
0.1 

1.4 
0.2 
0.8 
0.8 
0.6 

0.4 
0.2 
0.8 
0.5 
0.3 

0.1 
0.0 
0.0 
0.0 
0.1 

1.2 
1 .o 
0.2 
0.8 
0.5 

0.5 
1.1 
0.4 
0.7 
0.4 

0.2 
0.1 
0.6 
0.3 
0.3 

0.0 
0.0 
0.0 
0.0 
0.0 

0.8 
14.9 
0.8 
5.5 
8.1 

0.7 
0.5 
0.3 
0.5 
0.2 

2.5 
0.5 
1.6 
1.5 
1 .o 

1.1 
0.6 
2.5 
1.4 
1 .o 

0.3 
0.2 
0.2 
0.2 
0.1 

3.6 
2.1 
0.6 
2.1 
1.5 

1 .o 
1.7 
0.9 
1.2 
0.4 

0.4 
0.3 
1.2 
0.6 
0.5 

0.1 
0.1 
0.0 
0.1 
0.1 

1.3 
20.0 
1.5 
7.6 
10.7 

1.4 
1 .o 
0.6 
1 .o 
0.4 

3.7 
0.8 
2.6 
2.4 
I .5 

2.7 
2.1 
6.3 
3.7 
2.3 

0.8 
0.5 
0.4 
0.6 
0.2 

8.4 
3.8 
1.6 
4.6 
3.5 

1.4 
2.3 
1.5 
1.7 
0.5 

0.7 
0.4 
2.1 
1.1 
0.9 

1.7 
0.1 
0.1 
0.6 
0.9 

4.3 
30.8 
5.2 
13.4 
15.0 

5.1 
3.0 
2.3 
3.5 
1.5 

6.6 
3.6 
10.5 
6.9 
3.5 

9.4 
12.6 
26.0 
16.0 
8.8 

4.8 
6.1 
4.8 
5.2 
0.8 

18.7 
10.8 
7.4 
12.3 
5.8 

3.2 
4.9 
7.6 
5.2 
2.2 

1.7 

6.6 
3.6 
2.6 

7.4 
0.8 
1 .o 
3.1 
3.8 

2.5 

9.5 
42.6 
12.3 
21.5 
18.4 

13.3 
7.8 
7.3 
9.5 
3.3 

9.1 
6.8 
18.3 
11.4 
6.1 

14.3 
19.9 
41.8 
25.3 
14:5 

11.4 
11.8 
12.4 
11.9 
0.5 

21.8 
16.1 
14.7 
17.5 
3.8 

9.0 
8.3 
14.9 
10.7 
3.6 

4.5 
8.6 
16.4 
9.8 
6.0 

15.6 
8.6 
3.4 
9.2 
6.1 

18.9 
64.6 
23.1. 
35.5 
25.3 

25.4 
20.8 
16.0 
20.7 
4.7 

16.2 
12.9 
30.5 
19.9 
9.4 

21.5 
27.8 
50.0 
33.1 
15.0 

19.6 
15.6 
22.1 
19.1 
3.3 

24.4 
21.3 
23.5 
23.1 
1.6 

15.2 
15.1 
24.1 
18.1 
5.2 

13.0 
24.2 
32.0 
23.1 
9.6 

25.4 
15.3 
8.6 
16.4 
8.5 

81.1 236.1 
35.4 213.4 
76.9 263.7 
64.5 237.7 
23.3 25.2 

74.6 199.0 
79.2 209.2 
84.0 251.1 
79.3 219.8 
4.7 27.6 

83.8 177.3 
87.1 131.6 
69.5 204.8 
80.1 171.2 
9.4 37.0 

78.5 336.7 
72.2 310.1 
50.0 272.8 
66.9 306.5 
15.0 32.1 

80.4 244.8 
84.4 317.9 
77.9 307.8 
80.9 290.2 
3.3 39.6 

75.6 254.1 
78.7 271.4 
76.5 297.6 
76.9 274.4 
1.6 21.9 

84.8 286.1 
04.9 259.1 
75.9 210.4 
81.9 251.9 
5.2 38.4 

87.0 277.1 
75.8 236.4 
68.0 271.8 
76.9 261.8 
9.6 22.1 

74.6 182.9 
84.7 226.7 
91.4 244.9 
03.6 218.2 
8.5 31.9 
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APPENDIX IV TABLE 1 TAXANOMIC  LIST  OF  BOTTOM  FAUNA 

NUMBER  INVERTEBRATE  NUMBER INVERTEBRATE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
M 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Phylum: Arthropoda 
Class: Insecta 
Order: Plecoptera 

Acroneuri sp 
Arcynopteryx sp 
Capnia sp 
lsogenoides sp 

Kogotus sp 
Malenka  sp 
Megarcys  sp 
Nemoura  sp 
Podmosta sp 
Pteronarcella  regularis 
pteronarcys  californica 
Sweltsa  sp  group 

. Taenionema sp 
Utaperla sp 

l b o p e r l a s p  

&pa& SP 

Order:  Ephemeroptera 
Unid.  adult 
Ameletus sp 
Baetis sp 
Cinygmula sp 
Epeorus  deceptivus 
Epec~us (albertae) 
Ephemerella  coloradensis 
Ephemerdla  doddsi 
Ephemerella  grandis 
Ephemerella  inermis 
Ephemerella  mollitia 
Ephemerella sp 
Heptagenia sp 
Leptophlebia sp 
Paraleptophlebia sp 
Rithrogena sp 

Order:  Trichoptera 
Unid  pupa 
Unid  JID 
Agraylea 
ArctopsY* SP 

Brachycentms sp 
Ceraclea sp 
Clostoeca sp 
Ecclisomyia sp 
Glossosoma sp 
Grarnmataulius sp 
Grensia  sp 
Hesperophylax sp 

Family:  Brachycentridae,  JID 

46 
47 
48 Family: 
49 
50 
51 
52 
53 
54 
55 

Order: 
56 
57 
58 Family: 
59  Family: 
60 
61  Family: 
62 

64 

66 
67 
68 
69 
70 
71 
72 
73 
74 

75 
76 
77 

78 
79 
80 
81 
82 

Family: 
83 
84 Family: 

Family: 

63 Family: 

65 Family: 

Family: 

Family: 

85 
86 
87 
88 
89 
90 
91 

Hydropsyche sp 
Hydroptila sp 
Leptoceridae,  JID 
Oxyethira sp 
Parapsyche sp 
Rhyacophila  angelita 
Rhyacophila sp 
Rhyacophila  vaccua 
Rhyacophila  vagrita 
Rhyacophila (vaobcropedw) 

Diptera 
Unid  adult 
Unid  larvae 
Culicidae  adult 
Sciaridae 
(Corynoptera sp?) 
Ephydridae 
(Hydrelii  sp?) 
Ceratopogonidae 
Palpornyia sp 
Tipulidae 
Antocha sp 
Dicranota  sp 
Erioptera sp 
Hesperoconopa sp 
Hexatoma sp 
Pedicia sp 
Prioncera sp 
Rhabdomastix sp 
Tipula sp 
Empididae 
Pupae 
Cheliera  sp 
Weidemannia sp 
Simulidae 
Prosimulium sp 
Simulium sp 
Simulium sp pupae 
Adult 
Lmnophara sp 
Psychodidae 
P e r i m a  sp 
(Syrphidae?) 
Chironomidae 
Adult 
pupae 
Brillia sp 
Cardiocladius sp 
Constempellina sp 
Corynoneura sp 
cricotopus  sp 

non  aquatic  species 
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NUMBER  INVERTEBRATE  NUMBER INVERTEBRATE 

92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
l(x3 
104 
105 
lo6 
1  07 
108 
109 
110 
111 

112 

113 

114 
115 
116 

117 
118 

119 

120 

121 

122 
123 
124 
125 
1  26 
127 
128 
129 

130 

Family: 

Order: 

Order 
Family: 

Order: 
Family: 
Family: 
Family: 

Order: 
Family: 

Order: 

Order: 

Class 
Subclass: 

Order: 

Class: 
Subclass: 

Diamesa  sp 
Eukiefferiella  sp 
Euryhapsis sp 
Gyrnnometriocnemus  sp 
Micropsectra sp 
Monopelopia  sp 
Nilotanypus  sp 
Orthocladius  sp 
Paratendipes sp 
Phaenopsectra  sp 
Polypedilum  (pentapedilum) 
Polypedilum  (Polypedilum) 
Potthastia sp 
Psectrocladius  sp 
Rheocricotopus  sp 
Rheotanytarsus  sp 
Thienemanniella  sp 
Thienemannimyia  sp 
Trissopebpia  sp 
Unid.  orthocladiinae 

Collernbola 
lsotomurus  sp 

Hymenoptera 
Formicidae 

Hornoptera 
Aphididae 
Cicadellidae 
Psyllidae 

Hemiptera 
Corixidae  dam 
Callicorixa  sp 

Coleoptera 
Unid  larva 

Lepidoptera  L 

Arachnoidae 
Arachnida 

Hydracarina 
Unid JID 
Oribatei 
Kerendowskia  sp 
Lebertia  sp 
Newmannia sp 
Sperchon  sp 
Torrenticola  sp 
Wandesia sp 

Crustacea 
Ostraccda 

131 
132 
133 

134 
125 
136 
137 
138 
139 
140 
1 41 
142 

143 

144 

145 
146 
1  47 
148 
149 
150 
151 

1  52 

153 

154 
155 
156 

1 57 
158 
159 
160 
161 

Subclass: 
Order: 
Order 
Order: 

Order: 

Phylum: 

Phylum: 
Class: 
Order: 

Phylum: 
Class: 
Family: 

Family: 
Family: 
Family: 

Class: 

Phylum: 

Class: 
Order: 

Phylum: 
Class: 
Order: 

Class: 

Copepoda 
Cyclopoida 
Calanoida 
Harpacticoida 

Cladocera 
Acroperus  harpae 
Alonella  sp 
Daphnia  rosea 
Daphnia sp dam 
Eurycercus  lamellatus 
Graptoleberus  testudinaria 
Pleuroxus  trigonellus 
Polyphemus  pediculus 
Simocephalus sp 

Nematoda 

Platyhelminthes 
Turbellaria 
Tricladida 

Pofycelis coronata 

Annelida 
Oligochaeta 

Lumbriculidae,  unid J/D 
Kincaidana  hexatheca 
Enchytraeidae 
Tubificidae 
Naididae 
Nais sp 
Chaetogaster  sp 

Hirudinea 
Batrachobdella sp 

Coelenterata 

Hydrozoa 
Hydroida 

Hydra SP 

Mollusca 
Pelecypods 
Biilvia 

Sphaerium  sp 
Pisidium  sp 

Gastropoda 
Stagnicola  (arctica) 
Heliosoma  sp 
Vahrata  (sincera) 
P h w  SP 

II 

Y 

E 

m 

L 

lr 

non  aquatic  species 
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