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1. INTRODUCTION

The Bulk ley  R i v e r  b a s i n  i s  i n  c e n t r a l  B r i t i s h  Columbia, e a s t  o f
Prince Rupert (see  Figure 1 ) .  T h e  Bulkley River i s  a  major t r i b u t a r y  o f
the Skeena R i v e r.  I t  f l o w s  northwest  f rom t h e  headwaters a t  Bulk ley

' Lake, through t h e  i n t e r i o r  p l a t e a u ,  t o  e n t e r  t h e  Skeena R i v e r  n e a r
Hazelton. T h e  drainage a r e a  o f  t h e  Bu lk ley  R iv e r  watershed i s  about
12 300 km2, w i t h  the  i n t e r i o r  p la teau contr ibut ing 85% o f  t h e  watershed
area, a n d  t h e  Nanika/Morice R i v e r  watersheds c o n t r i b u t i n g  about  15%.
The m e a n  a n n u a l  B u l k l e y  R i v e r  f l o w  a t  H a z e l t o n  i s  a b o u t
201 m3 /s (6 ) .

The purposes o f  t h i s  repor t  a re :

( i )  t o  assess present water q u a l i t y  o f  the  mainstem Bulkley and Morice
Rivers u s i n g  a v a i l a b l e  i n f o r m a t i o n  ( u p  t o  A p r i l ,  1 9 8 4 )  o n  w a s t e
discharges, water q u a l i t y,  streamflows and water use;

( i i )  t o  p r e d i c t  f u t u r e  w a t e r  q u a l i t y ,  consider ing f u t u r e  waste  d i s -
charges and the  e f f e c t s  o f  t h e  Kemano-Completion Pro ject  on  Bulkley and
Morice River  flows; a n d

( i i i )  t o  recommend water  uses t h a t  should b e  protected  i n  t h e  Bulk ley
and Morice Rivers,  and t o  recommend provisional  water  q u a l i t y  objectives
to protect  those uses.

7
The Kemano-Completion P r o j e c t  h a s  been i n d e f i n i t e l y  postponed b y

Alcan, which i s  not proceeding wi th  i t s  appl icat ion  under t h e  government
review process a t  t h i s  t i m e .  H o w e v e r ,  t h e  p r o v i n c i a l  government i s
completing i t s  review o f  Alcan's proposal.

7
A s i m i l a r  r e p o r t  f o r  t h e  Nechako River  b a s i n ,  which would a l s o  be

affected b y  t h e  p r o j e c t ,  i s  b e i n g  prepared.  B o t h  r i v e r  systems a r e
important salmon migration routes and salmon rear ing  areas.
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2. HYDROLOGY

Low- f l o w  e s t i m a t e s  (November t o  A p r i l  minimum seven-day averages)

used i n  assess ing  t h e  e f f e c t  o f  was te  d ischarges  o n  wa te r  q u a l i t y  a r e
presented i n  Tab le  1 .  T h e  Mor ice R i ve r  c o n s t i t u t e s  99% o f  Lower B u l k l e y
River f l o w s  a t  c e r t a i n  t imes  under  n a t u r a l  l o w  f l o w  c o n d i t i o n s  ( w i t h o u t
f low r e g u l a t i o n ) .

A comparison o f  l ow  w i n t e r  f l o w s  a t  d i f f e r e n t  p o i n t s  o n  t h e  B u l k l e y
River ( Ta b l e  1 )  w i t h  l i c e n s e d  water  w i thd rawa ls  ( Ta b l e s  2 , 3 )  shows t h a t

actual f l o w s  a r e  an o r d e r  o f  magnitude g r e a t e r  t h a n  l i c e n s e d  use .  W a t e r
requirements a r e  a c t u a l l y  l e s s  d u r i n g  t h e  w i n t e r  when t h e r e  a r e  no i r r i -
gat ion wi thdrawals .

Flow envelopes f o r  t h e  Mor ice  R i v e r  a t  t h e  Mor i ce  Lake o u t l e t  and
at Peacock Creek ( n e a r  t h e  con f luence  w i t h  t h e  B u l k l e y  R i v e r ) ,  a s  w e l l
as t h e  B u l k l e y  R i v e r  a t  Qu ick  and Smithers a r e  shown i n  F igures 2  t o  5 .
Included i n  t h e s e  f i g u r e s  a r e  t h e  p r e d i c t e d  minimum m o n t h l y  f l o w s
fo l l ow ing  t h e  proposed Kemano-Completion P r o j e c t .  T h e  p r o j e c t  i s  p r e -
d ic ted t o  i nc rease  w i n t e r  l o w - f l ows  s l i g h t l y  i n  t h e  Mor i ce  and  B u l k l e y
Rivers (2 ) .  T h e s e  a r e  A l c a n ' s  p r o j e c t i o n ,  h o w e v e r,  a n d  i t  i s  n o t
yet c e r t a i n  whether  A l c a n  c a n  o r  w i l l  p r o v i d e  t h i s  w a t e r  d u r i n g  d r y

years. R e k s t e n ( 6 5 )  h a s  suggested  t h a t  A l c a n  h a s  b e e n  o p t i m i s t i c  i n
i t s  r e s e r v o i r  i n f l o w  p r o j e c t i o n s ,  h a v i n g  used d a t a  c o l l e c t e d  o n l y  s i nce
1950. H e  h a s  sugges ted  t h a t  t h e  r u n o f f  e s t i m a t e s  a v a i l a b l e  f o r  t h e
period 1930-1949 s h o u l d  a l s o  be  used i n  A l c a n ' s  a n a l y s i s .  T h e s e  years
include a  p e r i o d  o f  l o w e r  t h a n  average r u n o f f .  T h e  e f f e c t  o n  f l o w
pro jec t ions  o f  u s i n g  t h e  l o n g e r  p e r i o d  o f  r e c o r d  (1930-1983) i s  n o t  y e t
known.



3. WATER USE

3.1 WATER LICENSES

The water  l i censes  a n d  l i cense  appl icat ions o n  t h e  Bulk ley  R iver
are given i n  Table  4 ,  w i t h  a  l icense  summary by reach i n  Table  5 .  T h e
locations o f  a l l  t h e  l icenses a r e  shown i n  Figure 6 .

Licenses f o r  d r i n k i n g  water  a r e  r e s t r i c t e d  t o  t h e  headwaters near
Bulkley Lake  ( t h r e e  l i c e n s e s )  a n d  t h a t  r e a c h  o f  t h e  B u l k l e y  R i v e r
between Telkwa a n d  Smithers ( s i x  l i c e n s e s ) .  I n d u s t r i a l  l i c e n s e  CL-
55785 (Ten iers  Enterpr ises)  i s  f o r  a  commercial water  haul ing operation
with the water used f o r  a  v a r i e t y  o f  purposes inc luding domestic supply.
Teniers takes water  from locat ions o n  t h e  Bulk ley  R iver  i n  addi t ion t o
the i r  f o u r  l i censed  po in ts  ( n e a r  Houston and downstream from Te lkwa) .
Unlicensed w a t e r  h a u l e r s  a l s o  w i t h d r a w  w a t e r  f r o m  t h e  B u l k l e y
River(60) .  T h e  B u l k l e y  R i v e r  i s  a l s o  t h e  d r i n k i n g  water  source f o r
the V i l l a g e  o f  Telkwa,  and  i n d i r e c t l y  f o r  t h e  Town o f  Smithers and t h e
D is t r i c t  o f  Houston, through water w e l l s .  T h e  l a r g e s t  and continuously
pumped o f  t h e  t h r e e  w e l l s  i n  each l o c a t i o n  i s  loca ted  on t h e  banks o f
the Bulk ley R i v e r.  T h e  quick recharge r a t e  o f  these two wel ls  together
with t h e i r  proximity t o  the  Bulkley River suggest t h a t  t h e  Bulkley River
is t h e  source o f  water through a l l u v i a l  grave ls .

The h i g h e s t  a g r i c u l t u r a l  c a p a b i l i t y  i n  t h e  Skeena-Nass p lanning
unit  occurs  o n  t h e  B u l k l e y  R i v e r  f l o o d p l a i n ( 5 3 ) .  I t  i s  p r i m a r i l y
hay production although vegetable  farming appears t o  b e  increasing i n
importance. W h i l e  t h e  t o t a l  vegetable crop area  i s  smal l  i n  comparison
to t h a t  devoted t o  forage crops,  t h e  gross va lue  o f  production could be
s imi la r (3 ) .  T h e r e  a r e  a l s o  b e e f  a n d  d a i r y  c a t t l e .  T h e  B u l k l e y
River i s  used f o r  i r r i g a t i o n  water,  w i t h  increased demands predicted f o r
the f u t u r e ,  i n  par t icu la r  f o r  hay production above Houston(54).

An undetermined number o f  i r r i g a t i o n  and domestic l icenses o n  t h e
Bulkley River a re  a lso used f o r  l ivestock  watering.
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As ind ica ted  i n  Ta b l e  5 ,  t h e r e  i s  n o  l icensed  water  u s e  between
Smithers and Hazelton. T h e r e  a re  several l icenses on t r i b u t a r i e s  t o  the
Bulkley River  between Smithers and Hazelton,  some o f  which serv ice  t h e
Indian reserves along t h a t  c o r r i d o r.  T h e r e  i s  l i k e l y  t o  be some u n l i c -
ensed water  u s e  o n  t h i s  reach o f  t h e  Bulk ley  R i v e r  f o r  domestic p u r -
poses.

3.2 FISHERIES

There i s  year-round f isher ies  use  i n  the  Bulkley R ive r.  I t  i s  used
as a  migrat ion rou te  b y  steelhead and a l l  salmon species except chum.
Between 1970 and 1980, t h e  Bulkley River  supported an annual escapement
of u p  t o  9 3 0  ch inook ,  2  5 0 0  c o h o ,  3 0 0  sockeye,  a n d  2  5 0 0  p i n k
salmon(52) T h e r e  i s  a d u l t  h o l d i n g  throughout t h e  w i n t e r .  A l -
though some spawning i s  known t o  occur i n  the  Bulkley River  by p ink  and
chinook, i t  i s  more important a s  a  j u v e n i l e  rea r ing  a rea .  T h e  Bulkley
River a l s o  supports res ident  cut throat  t r o u t ,  D o l l y  Varden, and rainbow
t r o u t ,  a l t h o u g h  m a i n s t e m  s p a w n i n g  b y  t h e s e  s p e c i e s  i s
unl ikely(51) .

Total s tee lhead production f o r  t h e  Morice and  Bulk ley  R ivers  i s
between 6  000 and 9  000 a d u l t  f i s h  w i t h  an annual escapement o f  2  000-
3 000  fo l lowing commercial, n a t i v e ,  and spor t  f i s h e r i e s .  A d u l t  s t e e l -
head enter the  Bulkley River from the  Skeena River i n  mid-August through
the f a l l ,  and then overwinter.  Spawning occurs i n  May and June i n  the
Bulkley River  and i t s  t r i b u t a r i e s ;  however, most production o f  j u v e n i l e
steelhead f r y  i s  a t t r i b u t e d  t o  t r i b u t a r y  and mainstem h a b i t a t s  o f  t h e
Morice River  (between Gosnell and Lamprey Creeks) .  P a r r  t e n d  t o  leave
the t r i b u t a r i e s  and s ide  channels i n  t h e i r  f i r s t  a n d  second y e a r.  T h e y
rear and overwinter i n  t h e  lower  mainstem h a b i t a t s ,  i n  p a r t i c u l a r  t h e
Bulkley River below Houston(194'5), p r i o r  t o  smolting.

There i s  a  n a t i v e  f o o d  f i s h e r y  f o r  t h e  Moricetown I n d i a n  Band,
located downstream from Smithers. T h e  Indians spear f i s h  from the  rocks
on the banks o f  the  Bulkley River.



3.3 WILDLIFE(53)

The Bu l k l ey  R i v e r  Va l l e y  i s  a  major  w i n t e r i n g  a rea  f o r  moose. M u l e

deer use t h e  a rea  throughout  t h e  y e a r.  B e a v e r ,  musk ra t ,  r i v e r  o t t e r  and
mink have been observed on  t h e  B u l k l e y  R i v e r ,  a s  w e l l  a s  b i r d s  i n c l u d i n g
mergansers, b e l t e d  k i n g f i s h e r s ,  b a l d  eag les ,  and  Canada geese.

3.4 RECREATION(53)

r

r
r

Sport f i s h i n g  u s e  ( s a l m o n ,  s t e e l h e a d ,  c u t t h r o a t  t r o u t ,  D o l l y
Varden) o f  t h e  B u l k l e y  R i v e r  i s  v e r y  h i g h ,  e s p e c i a l l y  be low t h e  Mor ice
R ive r.  T h e r e  i s  a  salmon c l o s u r e  on t h e  Upper B u l k l e y  (above t h e  Mor ice
River)  J u l y  15  t o  October  3 1 ,  a n d  a  gene ra l  a n g l i n g  c l o s u r e  December 1
to  June  3 0  o n  t h e  M o r i c e  R i v e r  t o  B a r r e t t  o n  t h e  B u l k l e y  R i v e r ,  a n d
f u r t h e r  downstream f rom t h e  Suskwa R i ve r  t o  B u l k l e y  Canyon S t a t i o n  about
10 km eas t  o f  Haze l ton.

There a r e  f i v e  l i c e n s e d  a n g l i n g  gu ides  who wo rk  t h e  B u l k l e y  R i v e r
between t h e  Mor ice  R i v e r  and  Moricetown, t h e  l a t t e r  l o c a t e d  about  3 0  km
downstream f r om  Smi the rs .  T w o  h o t e l s ,  i n c l u d i n g  t h e  B u l k l e y  Lodge a n d
the Douglas H o t e l ,  a r e  l o c a t e d  on  t h e  w a t e r f r o n t  and c a t e r  t o  f i shermen.
The Tr o u t  Creek Emporium, downstream f r o m  S m i t h e r s ,  i s  a  p r i v a t e  camp-
ground w i t h  a  t a c k l e  shop and s t o r e  t h a t  a l s o  c a t e r s  t o  f i shermen.  T h e
Moricetown I n d i a n  Band has a  t o u r i s t  o p e r a t i o n  wh ich  i s  cen te red  on  t h e
spor t  and n a t i v e  food - f i s h i n g  a t t r a c t i o n .

Boating i s  v e r y  p o p u l a r  o n  t h e  B u l k l e y  R i v e r ,  i n c l u d i n g  u s e  o f
canoes, kayaks ,  r a f t i n g  and  r i v e r  b o a t s .  C o m m e r c i a l  r i v e r  r a f t  t r i p s
used t o  o p e r a t e  f r o m  Mor i ce town  Canyon, b u t  a r e  p r e s e n t l y  i n a c t i v e .
Boating d i f f i c u l t y  i s  l o w  between Houston and Smi thers ,  modera te ly  h i g h
between Smithers and  Tr o u t  Creek ,  and  v e r y  h i g h  between Trout  Creek and
Hazelton.
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Swimming usua l ly  occurs o n l y  on t h e  upper Bulk ley  R iver  above t h e
confluence w i t h  t h e  M o r i c e  R i v e r  because  o f  t h e  s t r o n g  c u r r e n t
downstream.

Picnicking a n d   camping u s e  o f  t h e  B u l k l e y  R i v e r  i s  h i g h ,  w i t h
picnic/campsites l o c a t e d  a t  Houston, Te l k w a ,  Smi thers ,  t h e  mouth o f
Trout Creek  ( p r i v a t e ) ,  a n d  a t  Moricetown (operated b y  t h e  Moricetown
Indian Band). O t h e r  uses o f  t h e  Bulkley River  Va l l e y  during the summer
include h ik ing,  nature  study,  and photography.

O ' n



4. WASTE DISCHARGES

The fol lowing waste discharges a r e  summarized i n  Table  6 ,  and t h e i r
locations are  denoted on Figure 6  by t h e i r  name and permit  number.

4.1 EQUITY SILVER MINE (PE 4475)

a) Descript ion o f  t h e  Discharges

TIM

Permit PE 4475 i s  f o r  e f f l u e n t s  f rom a  copper- s i l v e r  mine located
about 32  km southeast o f  Houston, and a t  about 1 2 0 0  m e levat ion .  I t  i s
located a t  t h e  headwaters o f  Bessemer and Foxy Creeks.  Bessemer Creek

flows southward i n t o  Buck Creek,  w h i l e  Foxy Creek f lows  northward i n t o
Maxan Creek,  b o t h  o f  which a r e  major t r i b u t a r i e s  o f  t h e  Upper Bulk ley
River A  d r y  concentrate o f  copper and s i l v e r  i s  produced i n  an a c i d
leach process. F u t u r e  plans a r e  t o  ext ract  gold using cyanide, but  t h i s
would r e q u i r e  a  permi t  amendment. T h e  m i l l  e f f l u e n t  i s  a  s l u r r y  o f
crushed r o c k  a n d  process  w a t e r  w h i c h  i s  d ischarged a t  a  maximum
permitted r a t e  o f  1 9  5 0 0  0 0 / d  t o  t h e  t a i l i n g s  pond o n  t h e  Foxy Creek
side o f  t h e  watershed ( F i g u r e  7 ) .  T h e r e  i s  a  seepage recovery  pond
below t h e  t a i l i n g s  dam located about 5 0  m from Foxy Creek,  w i t h  seepage
pumped back t o  the t a i l i n g s  pond. S u r f a c e  r u n o f f ,  p l a n t  s i t e  water,  and
mine p i t  water  r e s u l t  i n  another  discharge w h i c h  d ra ins  t o  Bessemer
Creek.

Since 1980 a  major  system o f  per imeter  d i tches  has  been b u i l t  t o
col lect  a c i d  drainage before  i t  f lowed i n t o  Bessemer Creek.  T h e  dra in -
age i s  t rea ted  wi th  l ime  t o  pH 1 0  i n  a  sump t o  neut ra l i ze  t h e  acids and
remove metals .  T h i s  t r e a t e d  drainage i s  s tored near  t h e  main t a i l i n g s
pond and released t o  Foxy Creek a t  a  maximum r a t e  o f  6  000 m' /d  when i t
reaches t h e  e f f l u e n t  q u a l i t y  requi red  by  Permi t  PE 4475.  A  new s i l t -
check dam and s e t t l i n g  pond has been b u i l t  lower down on Bessemer Creek
to remove sediment and improve water  q u a l i t y.  O v e r f l o w s  f rom t h i s  pond
constitute a  new discharge and a  new permit  compliance p o i n t .
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All o f  t h e  above changes a r e  be ing  amalgamated i n  a n  amendment t o
PE 4475. P r e s e n t  permit  conditions are  given i n  Table 8 .

b) Present and Future Waste Loads

Permitted waste loadings a r e  given i n  Table  8 ,  and a r e  calculated from
the permit ted concentration o f  var iables and permitted e f f l u e n t  f l o w  r a t e s .
Loadings a r e  expected t o  remain  t h e  same i n  t h e  f u t u r e  un less  E q u i t y
insta l ls  a  cyanide c i r c u i t  t o  e x t r a c t  g o l d ;  t h i s  would r e q u i r e  a  permi t
amendment.

c) Impact o f  t h e  Mine on Surface Water

Concerns have been ra ised  over t h e  impact o f  t h e  Equi ty  Mine on water
quality o f  t h e  Bessemer Creek-Buck Creek system i n  t h e  southern mine dra in-
age, a n d  Foxy Creek  i n  t h e  nor thern  dra inage.  T h e s e  concerns inc lude :
1) a c i d  generation from t h e  waste rock  which i s  used t o  b u i l d  containment
dams and  roads n e a r  t h e  mine s i t e ,  a n d  2 )  heavy meta ls  ( e . g .  a r s e n i c ,
selenium, copper,  l e a d ,  z i n c )  associated w i t h  t h e  mine process discharge
water. A  d e t a i l e d  assessment o f  rece iv ing  water d a t a  f o r  t h e  Equi ty  mine
wi l l  be made i n  a  separate repor t ,  when data  now being col lected are  a v a i l -
able. T h i s  assessment w i l l  b e  important  i n  i n d i c a t i n g  t h e  l i k e l i h o o d  o f
maintaining the  e x i s t i n g  water uses i n  Buck and Maxan Creeks i n  the f u t u r e .
There has been some ind icat ion  o f  deter iora t ion  i n  water q u a l i t y  i n  Bessemer
Creek; however, n o  d i r e c t  impact o n  f i s h e r i e s  h a s  been observed i n  e i t h e r
Bessemer o r  Foxy Creeks.

4.2 HOUSTON SEWAGE TREATMENT PLANT (PE 287)

a) Description o f  t h e  Discharge

The D i s t r i c t  o f  Houston had a  population o f  3  921 i n  1981. P o p u l a t i o n
projections f o r  1993 range from no growth t o  5  347 (growth r a t e  o f  2.5% per
year). P e r m i t  PE 287  was issued t o  t h e  D i s t r i c t  o f  Houston on J u l y  3 0 ,
1969, and  was l a s t  amended March 7 ,  1973.  T h e  permit  i s  f o r  t h e  discharge
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of  t r e a t e d  domes t i c  sewage t o  t h e  B u l k l e y  R i v e r ,  a b o u t  1 . 2  km downstream
from t h e  mouth o f  Buck  Creek ,  b u t  abou t  5  km upstream f r o m  t h e  con f luence
w i t h  t h e  Mor ice R i v e r .  Sewage i s  t r e a t e d  i n  an ae ra ted  lagoon,  c h l o r i n a t e d ,
and s t o r e d  when necessary  i n  a  pond w i t h  2 0 -day c a p a c i t y  s o  t h a t  t h e  d i s -

charge does  n o t  exceed  10% o f  t h e  B u l k l e y  R i v e r  f l o w  a t  a n y  t i m e .  T h i s

minimum d i l u t i o n  o f  a b o u t  1 0 : 1  i s  l e s s  t h a n  t h e  u s u a l  accep tab le  minimum

standard o f  2 0 : 1  f o r  m u n i c i p a l  e f f l u e n t s ( 7 5 )  T r e a t e d  e f f l u e n t  i s
discharged t o  t h e  B u l k l e y  R i v e r  abou t  4  m f r om  t h e  bank ,  t h rough  an o u t f a l l
pipe ( n o  d i f f u s e r )  l y i n g  o n  t h e  r i v e r  b o t t o m ( 5 6 ) .  T h e  p e r m i t t e d  d i s -
charge r a t e  i s  an  average o f  1 5 5 0  m ' / d .

The p e r m i t  l i m i t s  f o r  t h e  e f f l u e n t  a r e  BOD5 o f  5 4 5  mg/L ,  suspended
so l i ds  o f  540  mg/L,  t o t a l  c o l i f o r m  b a c t e r i a  <40  000/100 mL, a n d  a  c h l o r i n e
res idua l  o f  between 0 . 1  a n d  1 . 0  mg/L ,  b u t  n o t  t o  exceed 0 . 2  mg/L i n  t h e
Bulkley R i v e r.  T h e  mon i t o r i ng  r e q u i r e d  o f  t h e  p e r m i t t e e  by Waste Management
Branch i n c l u d e s  a  m o n t h l y  g r a b  sample ana lysed  f o r  BOD5, t o t a l  suspended
s o l i d s ,  f e c a l  a n d  t o t a l  c o l i f o r m s ,  a s  w e l l  a s  a  d a i l y  r e c o r d  o f  d i scha rge
volume, w e i g h t  o f  c h l o r i n e  added ,  r e s i d u a l  c h l o r i n e  c o n c e n t r a t i o n  i n  t h e
t rea ted  e f f l u e n t ,  a n d  a  d a i l y  r eco rd  o f  r i v e r  f l o w  a t  pe r i ods  o f  l o w  f l o w.

r
b) P resen t  Waste Loads

The t r e a t e d  e f f l u e n t  f l o w  h a s  exceeded t h e  1  5 5 0  m3 /d  p e r m i t  l i m i t
f o r  o n l y  2.6% o r  54 o f  2  066 measurements t aken  ove r  10  years  ( s e e  Ta b l e  9 ) .
The 1 0 : 1  r e q u i r e d  d i l u t i o n  c a n n o t  b e  c h e c k e d  a s  t h e r e  a r e  n o  d a i l y
r i v e r - f l o w  r e c o r d s  ma in ta ined  b y  t h e  p e r m i t t e e .  T h e  minimum B u l k l e y  R i v e r
f low y i e l d i n g  t h e  minimum p e r m i t t e d  10:1 d i l u t i o n  w i t h  t h e  maximum recorded
e f f l u e n t  d i scha rge  ( 1  8 5 9  m3/d) wou ld  be about  0 . 2  m3/s.  A l t h o u g h  t h e r e  a r e
no f l o w  r e c o r d s  f o r  t h e  Upper B u l k l e y  R i v e r ,  i t  has  been p r e d i c t e d  t h a t  t h e
mean a n d  t h e  1  i n  1 0  y e a r  7 -day average l o w  f l o w s  a r e  0 . 5  a n d  0 . 1  m 3 / s ,
respec t i ve l y  ( Ta b l e  1 ) .  C o n s e q u e n t l y ,  0 . 2  m ' / s  may o c c u r  once e v e r y  f o u r
years(7) .  T h e  s t o r a g e  l a g o o n  w o u l d  t h u s  b e  r e q u i r e d  i n f r e q u e n t l y ,  o r
not a t  a l l  i f  maximum e f f l u e n t  f l o w s  a n d  minimum r i v e r  f l o w s  d o  n o t
co inc ide.
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Suspended s o l i d s  exceeded t h e  p e r m i t  l i m i t  ( 4 0  mg/L)  i n  11  o f  7 1
samples, o r  i n  15% o f  t h e  samples between 1972 a n d  1983 .  N o n -compliant
l e v e l s  o c c u r r e d  d u r i n g  f r e s h e t  o n  a b o u t  5 0 %  o f  t h e s e  o c c a s i o n s ,
suggesting i n f i l t r a t i o n  i n t o  the  sewage c o l l e c t i o n  system as t h e  cause.

Residual c h l o r i n e  l e v e l s  w e r e  l e s s  t h a n  t h e  minimum p e r m i t t e d
(0.1 m g / L )  i n  3  o f  2  0 8 5  samples ( 1 . 4 % )  a n d  g r e a t e r  t h a n  t h e  maximum
permitted ( 1 . 0  mg/L) i n  3  o f  2  0 8 5  samples ( 1 . 4  mg/L o n  August 2 9  a n d
October 28 ,  1975;  1 . 5  mg/L on March 14 ,  1 9 8 0 ) .

BOD5 i n  t h e  t r e a t e d  e f f l u e n t  exceeded t h e  4 5  mg/L p e r m i t  l i m i t  i n
7.5% o f  t h e  samples ( 5  o f  6 7  samples) a n d  t o t a l  c o n f o r m s  exceeded t h e
permit l i m i t  o f  40  000/100 mL on ly  once i n  48  samples.

Permitted a n d  e s t i m a t e d  a c t u a l  w a s t e  l o a d i n g s  a r e  p r e s e n t e d  i n
Table 10 .  T h e  BOD5, suspended s o l i d s ,  and res idual  c h l o r i n e  loadings were
within permit  l i m i t s  when average concentrations ( f r a n  Tab le  9 )  were  used,
but were we l l  above permitted l i m i t s  under worse case conditions o f  maximum
eff luent concentrat ion and f l o w.  Phosphorus loadings cannot be  ca lcu la ted
due t o  t h e  a b s e n c e  o f  d a t a ,  b u t  n i t r o g e n  l o a d i n g s  ( a m m o n i a  a n d
n i t r a t e / n i t r i t e )  a r e  given i n  Table 10 .

The t h e o r e t i c a l  e f f e c t s  o f  p r e s e n t  w a s t e  l o a d s  ( 1 9 8 1  d a t a )  o n
Bulkley R i v e r  w a t e r  q u a l i t y  a r e  summarized i n  Ta b l e  1 1 .  T h e  increases
in concentrat ion i n  t h e  B u l k l e y  R i v e r  h a v e  b e e n  c a l c u l a t e d ,  assuming
complete mixing o f  t h e  e f f l u e n t  a n d  r i v e r  w a t e r.  T h e  t h e o r e t i c a l  e f f e c t
of discharges w i t h i n  p e r m i t  l e v e l s  i s  compared w i t h  t h e o r e t i c a l  worse
case s i t u a t i o n s ,  u s i n g  maximum recorded  e f f l u e n t  c h a r a c t e r i s t i c -concen-
trations a n d  assuming a  minimum d i l u t i o n  o f  1 0 : 1 .  H a d  t h e r e  b e e n
records o f  B u l k l e y  R i v e r  l o w  f l o w s  when t h i s  minimum d i l u t i o n  was n o t
met, t h i s  worse case scenario would have been more accurate.

n

r

n

71
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Table 11  s h o w s  t h a t  t h e  maximum t h e o r e t i c a l  p e r m i t t e d  r e s i d u a l
ch lo r ine  l e v e l  i n  t h e  B u l k l e y  R i v e r  a f t e r  comp le te  m i x i n g  i s  0 .1  mg /L .
This assumes t h e  maximum p e r m i t t e d  c o n c e n t r a t i o n  o f  r e s i d u a l  c h l o r i n e
(1.0 m g / L ) ,  t h e  maximum ( a v e r a g e )  p e r m i t t e d  f l o w  o f  1  5 5 0  m3 /d ,  a n d
r i v e r  f l o w s  o f  a t  l e a s t  0 . 2  m3/s  t o  y i e l d  t h e  r e q u i r e d  10:1  d i l u t i o n .
The a c t u a l  worse case r e s i d u a l  c h l o r i n e  i n  t h e  e f f l u e n t  was  1 . 5  mg/L o n
May 14 ,  1980 ;  had  t h i s  occu r red  when f l o w s  i n  t h e  B u l k l e y  R ive r  were a t
t h e i r  l o w e s t ,  t h e  t h e o r e t i c a l  c o n c e n t r a t i o n  i n  t h e  r i v e r  would have been
0.15 mg/L,  h i g h e r  t h a n  t h e  maximum t h e o r e t i c a l  0 . 1  mg/L p e r m i t t e d  based
on p e r m i t t e d  c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t  t o g e t h e r  w i t h  t h e  minimum
10:1 d i l u t i o n .  T h e  p e r m i t ,  h o w e v e r,  a l l o w s  0 . 2  mg/L i n  t h e  B u l k l e y
River a t  t h i s  p o i n t .  B o t h  t h e  t h e o r e t i c a l  0 . 1  mg/L c a l c u l a t e d  and t h e
0.2 mg/L r e s i d u a l  c h l o r i n e  l i m i t  s t a t e d  i n  t h e  p e r m i t  a r e  f a r  i n  excess
of t h e  w o r k i n g  f r e s h  w a t e r  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) .  A s
discussed i n  s e c t i o n  5 . 7 ,  t h e s e  da ta  i n d i c a t e  t h a t  d e c h l o r i n a t i o n  may be
requi red a t  t h e  Houston sewage t rea tment  f a c i l i t y .

r
4

The p e r m i t  l i m i t  f o r  t h e  sewage e f f l u e n t  i s  4 0  0 0 0  t o t a l  c o l i -
forms/100 mL and a  10:1 minimum d i l u t i o n .  T h e o r e t i c a l l y  these  cou ld  a l l
be f e c a l  c o l i f o r m s ,  y i e l d i n g  a  maximum p e r m i t t e d  l e v e l  o f  4  000  f e c a l
co l i fo rms/100 mL i n  t h e  B u l k l e y  R i v e r  ( Ta b l e  11 ) .  T h e  h i s t o r i c a l  d a t a
record f o r  e f f l u e n t  f e c a l  c o l i f o r m s  ( Ta b l e  9 )  shows a  mean o f  83 MPN/100
mL b u t  a  maximum o f  9 2  000  MPN/100 mL wh ich  i s  v e r y  h i g h  f o r  a  c h l o r i -
nated e f f l u e n t .  T h i s  f e c a l  c o l i f o r m  maximum o c c u r r e d  o n  November 1 8 ,
1980, d u r i n g  B u l k l e y  R i v e r  l o w  f l o w ,  y i e l d i n g  a  t h e o r e t i c a l  worse  case
incremental a d d i t i o n  t o  t h e  B u l k l e y  R i v e r  o f  9  200 /100  mL ( Ta b l e  11 ) .
This g r e a t l y  exceeds t h e  2 0 0 - 4 0 0  MPN/100 mL f e c a l  c o l i f o r m  w o r k i n g
primary-con tac t  r e c r e a t i o n  c r i t e r i o n  ( s e c t i o n  5 . 7 ) ,  a l b e i t  o u t s i d e  t h e
main r e c r e a t i o n  p e r i o d .  W a t e r  q u a l i t y  m o n i t o r i n g  i s  needed t o  c o n f i r m
these t h e o r e t i c a l  h i g h  l e v e l s .  A  r e d u c t i o n  i n  t h e  f e c a l  c o l i f o r m  l e v e l s
in  t h e  e f f l u e n t  may be necessary d u r i n g  t h e  r e c r e a t i o n  season t o  p r o t e c t
primary-con tac t  r e c r e a t i o n .  A  new c h l o r i n a t i o n  pond cons t ruc ted  i n  1984
( t o  rep lace  t h e  o r i g i n a l  pond b u i l t  i n  1970) may achieve t h i s  r e d u c t i o n .
Ch lo r i na t i on  w o u l d  o n l y  b e  necessary  d u r i n g  t h e  r e c r e a t i o n  p e r i o d  t o
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protect  r e c r e a t i o n  use; d e c h l o r i n a t i o n  d u r i n g  t h i s  p e r i o d  (summer) would

protect  t h e  f i s h e r i e s .

Table 11  shows t h a t  ammonia-n i t rogen  l e v e l s  i n  t h e  B u l k l e y  R i v e r

a f t e r  comp le te  m i x i n g  c o u l d  t h e o r e t i c a l l y  r e a c h  1 . 7  mg/L u n d e r  worse
case c o n d i t i o n s .  U n - i o n i z e d  ammonia u n d e r  t h e s e  c o n d i t i o n s  c o u l d
exceed t h e  work ing  a q u a t i c  l i f e  c r i t e r i a  f o r  t h e  l o n g  t e rm  exposure o f
salmonids ( s e e  s e c t i o n  5 . 7 ) .  S i m i l a r l y ,  t h e  maximum n i t r i t e -n i t r ogen
leve l  o f  0 . 0 5 6  mg/L i n  Ta b l e  11 i s  g r e a t e r  t h a n  t h e  0 . 0 2  mg/L average
c r i t e r i o n ,  b u t  l e s s  t h a n  t h e  0 .06  mg/L maximum c r i t e r i o n  f o r  sa lmonids.

The t h e o r e t i c a l  l e v e l s  o f  t h e  remain ing c h a r a c t e r i s t i c s  i n  Ta b l e  11
i n  t h e  B u l k l e y  R i v e r  a f t e r  comple te  m i x i n g  a r e  w i t h i n  work ing  c r i t e r i a
f o r  water  uses.

In  summary, t h e r e  a r e  p o s s i b l e  prob lems w i t h  l e v e l s  o f  r e s i d u a l
ch lo r ine ,  f e c a l  c o l i f o r m s ,  ammonia-n i t r ogen ,  and  n i t r i t e - n i t r o g e n  i n  t h e
f i n a l  sewage e f f l u e n t  a t  Hous ton .  S h o u l d  t h i s  b e  con f i rmed  b y  w a t e r
q u a l i t y  sampl ing  o f  t h e  B u l k l e y  R i v e r ,  l e v e l s  o f  t h e s e  c h a r a c t e r i s t i c s
should e i t h e r  b e  reduced i n  t h e  f i n a l  e f f l u e n t ,  o r  perhaps t h e  minimum
d i l u t i o n  i n  t h e  B u l k l e y  R i v e r  s h o u l d  b e  i n c r e a s e d  t o  more  t h a n  t h e
required 1 0 : 1 .  T h i s  l a t t e r  o p t i o n  m i g h t  n e c e s s i t a t e  i n c r e a s i n g  t h e
capacity o f  t h e  s to rage  lagoons a t  t h e  t rea tment  p l a n t .

c) F u t u r e  Waste Loads

Future waste loads from the  Houston sewage treatment p lan t  have not
been predicted.  W e  assume tha t  t h e  capacity o f  the  storage lagoons w i l l
be expanded as  e f f l u e n t  f l o w  i n c r e a s e s ,  s o  t h a t  t h e  r e q u i r e d  10:1 m i n i -
mum d i l u t i o n  can  b e  ma in ta ined  i n  t h e  B u l k l e y  R i v e r .  I f  t h i s  i s  t h e
case, t h e  w a s t e  l o a d s  a n d  p r e d i c t e d  e f f e c t s  o n  w a t e r  q u a l i t y  s h o u l d
remain t h e  same as  a t  p resen t .



13

4.3 SMITHERS SEWAGE TREATMENT PLANT (PE 373)

a) D e s c r i p t i o n  o f  t h e  Discharge

The es t ima ted  maximum 1983 p o p u l a t i o n  a n d  p r o j e c t e d  maximum 1993
popula t ion o f  t h e  To w n  o f  S m i t h e r s  a r e  4  8 2 0  a n d  6  2 3 0 ,  r e s p e c -
t i v e l y ( 5 8 ) .  T h e s e  e s t i m a t e s  a r e  b a s e d  o n  a  2 . 5 %  p o p u l a t i o n
increase each y e a r,  t h e  r a t e  o f  i nc rease  between 1971 and  1981.

The Town o f  S m i t h e r s  h o l d s  p e r m i t  PE  3 7 3  f o r  t h e  d i s c h a r g e  o f
t reated domest ic sewage t o  t h e  B u l k l e y  R i v e r .  I n  September o f  1983, t h e
treatment p l a n t  was changed f rom an  a c t i v a t e d  s ludge system designed f o r
a popu la t i on  o f  4  500 t o  an ae ra ted  lagoon system w i t h  a  des ign  c a p a c i t y

C

f o r  9  2 0 0  peop le .  T h e  average p e r m i t t e d  d i scha rge  was
2 850 m ' / d  t o  4  200 ms/d w i t h  a  maximum o f  1 0  800 m ' / d .
expected improvement i n  e f f l u e n t  q u a l i t y ,  t h e  p e r m i t t e d

increased f r o m
Because o f  t h e

l eve l s  o f  BODs
and suspended s o l i d s  were amended t o  45  and 60  mg/L,  r e s p e c t i v e l y,  f r o m
75 a n d  100 mg/L. C h l o r i n a t i o n  i s  n o  l o n g e r  r e q u i r e d ,  a l t h o u g h  p r o v i s -
ions were t o  be made i n  t h e  s i t e  l a y o u t  f o r  c h l o r i n a t i o n / d e c h l o r i n a t i o n
i f  r e q u i r e d  i n  t h e  f u t u r e .  D i s c h a r g e  o f  e f f l u e n t  w h i c h  has bypassed t h e

treatment works i s  p r o h i b i t e d .  E f f l u e n t  samples a r e  t o  be taken  month ly
and analysed f o r  BODs and  suspended s o l i d s .  D a i l y  d ischarges  ( 2 4  hou r )
from t h e  t rea tment  p l a n t  a r e  t o  be  recorded.

The d e s i g n  o f  t h e  sewage o u t f a l l  m a x i m i z e s  i n i t i a l  d i l u t i o n .
Although t h e  o u t f a l l  p i p e  ex tends  o n l y  about  1 0  m f r om  t h e  sho re ,  i t  i s
bur ied i n  t h e  b o t t o m  o f  t h e  d e e p  c h a n n e l ,  w i t h  f i v e  e q u a l l y  spaced
d i f f u s e r  h e a d s  p o i n t e d  downs t ream.  P r e s s u r e  r e s t r i c t o r s  o n  t h e
d i f f u s e r s  assure t h a t  a l l  a r e  f u n c t i o n i n g  i n  t h e  d i s p e r s a l  o f  t h e  e f f l u -
ent .  T h i s  design promotes good mix ing  and shou ld  min imize water  q u a l i t y
impacts i n  t h e  i n i t i a l  d i l u t i o n  zone.
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b) Present Waste Loads

Or ig ina l ly,  t h e  o l d  sewage t rea tment  p l a n t ,  designed i n  1 9 7 2 ,
functioned w e l l .  F l o w s  were wi th in  the permit  l i m i t  ( 2  850 m3/d) during
1978-1980, b u t  no d a t a  were col lected s ince t h a t  d a t e .  H i g h  l e v e l s  o f
suspended s o l i d s  a n d  BODs occurred  s i n c e  1979 (12 )  a s  t h e  Town o f
Smithers cut  costs by only  p a r t i a l l y  t rea t ing  the  wastes(13).

Few e f f luen t  d a t a  a re  ava i lab le  from the  new sewage treatment p lan t
since operat ion began i n  September o f  1983 .  D a t a  co l l ec ted  b y  Waste
Management Branch and t h e  permit tee  a r e  summarized i n  Table  1 2 .  T h e s e
data suggest tha t  t h e  new treatment f a c i l i t y  i s  l i g h t l y  loaded, and t h a t
good performance i s  t o  be expected. E f f l u e n t  f l o w ,  BODs, and suspended
solids were a l l  w i th in  permit  l i m i t s .

The ranges i n  concentrations f o r  t o t a l  n i t rogen  and t o t a l  phos-
phorus have been extracted from the  data record f o r  both the  o l d  and new
f a c i l i t y,  and presented i n  Table 13 .  T h e  da ta  have been pooled because
a s igni f icant  change i n  e f f l u e n t  q u a l i t y  i s  not t o  be expected f o r  these
characteristics due t o  the  new treatment p lan t  design.

Present waste loading estimates a r e  given i n  Table  1 4 .  T h e s e  a r e
calculated from t h e  maximum c h a r a c t e r i s t i c  l e v e l  a n d  maximum e f f l u e n t
flow on record (Tables 1 2 ,  1 3 ) .  T h e  predicted e f f e c t s  o f  these maximum
waste loads on Bulkley River  water  q u a l i t y  a t  Smithers a r e  a lso  summar-
ized i n  Ta b l e  1 4 .  T h e  increases i n  concentrat ion above background
levels a r e  ca lcu la ted  a t  B u l k l e y  R i v e r  l o w  f l o w s ,  assuming complete
mixing ( f o r  BODs and  suspended s o l i d s ,  t h e  1  i n  1 0  year  minimum 7 -day
average l o w  f l o w  o f  1 5  ms/s was used; f o r  t h e  nu t r i en ts  n i t rogen and
phosphorus, t h e  a c t u a l  minimum average September f l o w  o f  8 0  m ' / s  was
used). T h e  sma l l  increases i n  BODs, suspended s o l i d s ,  n i t roge n  and
phosphorus, f o r  the  Bulkley River predicted i n  Table 14 a r e  i n  agreement
with water q u a l i t y  measurements presented i n  sect ion 5 . 5 .  I t  concludes
that t h e  impact  o f  t h e  sewage discharge o n  t h e s e  aspects o f  w a t e r

f l

n

r71
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quality i s  not  present ly  s i g n i f i c a n t .  T h i s  i s  because d i l u t i o n  o f  t h e
eff luent ( Ta b l e  7 )  i s  h i g h ,  ranging from t h e  t h e o r e t i c a l  worst  case o f
120:1 ( l o w  f low  +  maximum permit ted discharge; 1 5  m3/s +  1 0  800 m3/d)
to s i g n i f i c a n t l y  h i g h e r  d i l u t i o n s  s u c h  a s  t h a t  r e c o r d e d  b y  Waste
Management Branch o n  November 3 0 ,  1 9 8 3 ,  o f  2  150:1  ( r i v e r  f l o w  o f
37.83 maim + 1 523 m'/d of treated eff luent) .

r

P

There i s  no f e c a l  co l i fo rm permit  l i m i t  f o r  t h e  unchlorinated sew-
age discharged a t  Smithers.  T h e r e  a r e  o n l y  two e f f l u e n t  samples f rom
the new treatment  p l a n t  w i t h  f e c a l  c o l i f o r m  a n a l y s i s ,  t a k e n  b y  Waste
Management Branch a t  Bulk ley  River  low f lows .  Assuming complete mixing
of e f f l u e n t  and r i v e r  wa te r,  t h e  theore t ica l  incremental add i t ion  t o  the
Bulkley River  was 2  f e c a l  col i forms/100 mL on November 30 ,  1983 ( 5  2 0 0 / -
100 mL i n  1 5 2 3  m3/d o f  e f f l u e n t ,  d i l u t e d  i n  3 7 . 8  m3/s o f  r i v e r  wa te r,
or 2  149:1 d i l u t i o n ) ,  a n d  3  f e c a l  co l i forms/100  mL o n  A p r i l  1 1 ,  1 9 8 4
(9 000 /100  mL i n  1863 m3/d  o f  e f f l u e n t ,  d i l u t e d  i n  6 9  m3/s  o f  r i v e r
water, o r  3  200:1 d i l u t i o n ) .  A l t h o u g h  these d a t a  would appear t o  show
that f e c a l  col i form l e v e l s  i n  the  Bulkley River would be w i t h i n  dr inking
water c r i t e r i a  f o r  w a t e r  rece iv ing  o n l y  d i s i n f e c t i o n  ( < 1 0  f e c a l  c o i l -
forms/100 m L ) ( 1 8 ) ,  t h e  d a t a  a r e  t o o  f e w  t o  con f i rm  t h i s .  T w o  o f
the fo l lowing  t h r e e  predict ions suggest t h a t  l e v e l s  o f  f e c a l  co l i forms
in t h e  B u l k l e y  R i v e r  downstream f r o m  Smithers c o u l d  exceed d r i n k i n g
water c r i t e r i a  b u t  would be  w i t h i n  primary-contact rec rea t ion  c r i t e r i a
(200-400/100 m L ( 5 5 ) ;  s e e  S e c t i o n  5 . 7 ) ;  t h e  t h i r d  p r e d i c t i o n
suggests f e c a l  c o l i f o r m  l e v e l s  would be  w i t h i n  a l l  o f  these  c r i t e r i a .
These predict ions include:

( i )  f r o m  t h e  da ta :  wors t  case o f  9  000 f e c a l  col i forms/100 mL i n  the
ef f luent  ( A p r i l  11 ,  1984)  w i t h  the  maximum recorded e f f l u e n t  d i s -
charge o f  6  2 1 7  m3/d ( A p r i l  1 8 ,  1 9 8 4 ) ,  a n d  t h e  pred ic ted  1  i n
10 year  7 -day average l o w  f l o w  i n  t h e  Bulk ley  R iver  o f  1 5  m ' / s .
This resu l ts  i n  a  theore t ica l  d i l u t i o n  r a t i o  o f  208:1 o r  4 3  f e c a l
coliforms/100 mL added t o  the  r i v e r .
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( i i )  f r o m  t h e  f e c a l  co l i fo rm :  BODs c o r r e l a t i o n  der ived  f o r  e f f l u e n t
from Dawson Creek  b y  Butcher ( 1 9 8 3 ) ( 5 7 ) :  a n  e f f l u e n t  l e v e l  o f
54 000 feca l  col i forms/100 mL i s  predicted,  r e s u l t i n g  i n  450 feca l
coliforms/100 mL a f t e r  complete mixing i n  the  Bulkley River  during
the l o w -f low November p e r i o d .  T h e  concentrat ion o f  f e c a l  c o n -
forms i n  t h e  r i v e r  would b e  lower  dur ing  t h e  summer rec rea t ion
period because o f  t h e  higher  d i l u t i o n ;  consequently t h e  l e v e l  o f
fecal conforms would probably b e  w i t h i n  primary-contact r e c r e a -
tion c r i t e r i a  (200-400/100 mL) without ch lor inat ion .

( i i i )  f rom t w o  s i m i l a r  aerob ic  lagoon treatment  p l a n t s  i n  t h e  Un i ted
States (Pawnee, I l l i n o i s ,  and Bixby, Oklahoma): these  showed e f f l -
uent l e v e l s  between 2 0 0  a n d  5 0 0  f e c a l  c o l i f o r m s / 1 0 0  mL(10)
These leve ls  a r e  less than predicted by Butcher and would be w i th -
in primary-contact recreat ion c r i t e r i a  and dr inking water c r i t e r i a
after d i l u t i o n  i n  the  Bulkley River during the  low f lows.

Further monitoring o f  t h e  e f f l u e n t  and  the  Bulkley River  w i l l  be  needed
to determine t h e  e f f e c t  o f  t h e  e f f l u e n t  o n  f e c a l  c o n f o r m  l e v e l s  and
water uses i n  the  r i v e r .

c) Future Waste Loads

A d a i r y  p l a n t  has  been proposed f o r  Smithers w i t h  t h e  fo l low ing
eff luent  charac te r is t i cs :  2 2 . 7  m ' / d  f l o w ,  f a t  content  1 5 6  mg/L, BODs
1 3 0 0  mg/L, and  pH 6 - 1 3 .  Load ings  o f  BODs would be about 2 9 . 5  kg /d  o r
6% o f  the  treatment p lan t  design load.  T h e  impact o f  t h e  proposed p lant
should be low,  considering the  t o t a l  e f f l u e n t  f l o w  o f  t h e  sewage t r e a t -
ment p lan t .

Future ( 1 9 9 3 )  w a s t e  loadings f o r  t h e  sewage t reatment  p l a n t  a r e
presented i n  Tab le  1 4 .  T h e y  a r e  based on  two d i f f e r e n t  predict ions:
( i )  no population growth between 1983 and 1993; and ( i i )  a  2.5% per year
growth i n  population, a s  occurred between 1971 and  1981, t o  give a  1993
population o f  6  2 3 2 .  P r o j e c t e d  f l o w s  a n d  load ings  f o r  BODs a n d

7

f r i

ra

n



7
17

7

r
(

suspended s o l i d s  f o r  t h e  l a t t e r  growth  p r e d i c t i o n  a r e  s t i l l  w i t h i n
permit l e v e l s .  T h e  p r e d i c t e d  f u t u r e  concentrat ion increases i n  t h e
Bulkley River  o f  t h e  character is t ics  shown i n  Tab le  14  a r e  wi th in  water
quali ty c r i t e r i a  and would not be expected t o  produce problems.

Sewage e f f l u e n t  d i l u t i o n  a t  Smithers a f t e r  t h e  proposed Kemano-
Completion P r o j e c t  w i l l  b e  dependent o n  t h e  r e g u l a t e d  Bu lk ley  R i v e r
f low. T h e  minimum f lows i n  the  Bulkley River  a r e  predicted by Alcan t o
increase s l i g h t l y  w i t h  t h e  Kemano-Completion P r o j e c t .  T h e  h i s t o r i c a l
minimum mean monthly f low f o r  1962 t o  1981 was 1 2 . 1  m3/s ,  and the min i -
mum mean monthly f l o w  i s  p r e d i c t e d  t o  b e  1 3 . 9  m3 /s (2 )  w i t h  Kemano-
Completion ( F i g u r e  5 ) .  C o n s e q u e n t l y,  t h e  unregulated 1  i n  1 0  y e a r ,
7-day average low f low i n  t h e  Bulkley River  a t  Smithers ( 1 5  m3/s) which
would provide a  minimum d i l u t i o n  o f  120:1 t o  the maximum permitted e f f l -
uent discharge ( 1 0  800 m3/d) a f t e r  complete mixing,  i s  a l s o  expected t o
increase s l i g h t l y.  T h e  lowest  predicted post  Kemano-Completion average
mean monthly l o w  f l o w  ( 3 2  m 3 / s ) ( 2 )  w o u l d  y i e l d  a  d i l u t i o n  o f  257:1
for t h e  maximum e f f l u e n t  f l o w  a f t e r  complete mixing. B o t h  o f  these post
Kemano-Completion d i l u t i o n  predict ions suggest t h a t  t h e  f u t u r e  d i l u t i o n
of t h e  e f f l u e n t  a t  l o w  f l o w  w i l l  s t i l l  b e  h i g h ,  r e s u l t i n g  i n  minimal
effects o f  regulated Bulkley River  f low on water q u a l i t y.

4.4 PROPOSED TELKWA COAL PROJECT

The proposed Telkwa Coal P r o j e c t  i s  located  i n  t h e  Goathorn Creek
drainage o f  t h e  Te lkwa  R i v e r  ( s e e  F i g u r e  6 ) .  I t  i s  c u r r e n t l y  i n
Stage I I  o f  t h e  Mine Development Review Process.

Construction i s  c u r r e n t l y  planned f o r  t h e  l a t e  1 9 8 0 ' s  o r  e a r l y
1990's. T h e  estimates o f  sur face-mineable reserves a r e  50x106 t ,  w i t h
plans t o  operate f o r  a  minimum o f  2 0  years  a t  a  r a t e  o f  1.5x106 t / y .
Minimal b l a s t i n g  i s  pred ic ted  a s  most  o f  t h e  bedrock c a n  b e  r i p p e d .
Cleaning o f  t h e  coal  w i l l  be  required t o  remove ash  and sulphur.  A b o u t
250 people  w i l l  b e  employed a t  f u l l  mine capac i ty.  T h e  population o f
neighboring Telkwa and Smithers w i l l  increase accordingly.

7
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Site spec i f i c  water  q u a l i t y  objectives may be developed f o r  surface
waters adjacent t o  the mine (Goathorn Creek and the  Telkwa R ive r ) ,  based
on the  resu l ts  o f  a  baseline monitoring program submitted wi th  the  Stage
I I  r e p o r t .  O b j e c t i v e s  would be  included l a t e  i n  Stage I I  o r  I I I  when
more informat ion about t h e  p r o j e c t  i s  a v a i l a b l e ,  i nc lud ing  t h e  impact
assessment and evaluation o f  water use.

Potential water  q u a l i t y  problems from surface coa l  mining include:
1) suspended s o l i d s ,  t u r b i d i t y ,  and  sedimentation due t o  l a n d  d i s t u r -
bances; 2 )  n i t r a t e ,  n i t r i t e ,  ammonia, a n d  a l g a l  growth due t o  use o f
explosives ( b l a s t i n g  i s  predicted t o  be  minimal s o  t h i s  impact may be
minor); 3 )  ac id  mine drainage; and 4 )  abnormal groundwater q u a l i t y.

The p o t e n t i a l  e f f e c t s  o f  t h e  Te lkwa Coal  P r o j e c t  o n  downstream
water qua l i t y  a re  expected t o  be minimal, on both the  Telkwa and Bulkley
Rivers. T h e  drainage a r e a  o f  Goathorn Creek,  a t  t h e  mine s i t e ,  i s
132 km2. T o  pu t  t h i s  a r e a  i n t o  perspective,  t h i s  i s  o n l y  11% o f  t h e
drainage a r e a  o f  t h e  Telkwa River  a t  t h e  mouth ( 1  2 1 0  km2),  a n d  l e s s
than 2% o f  t h e  drainage a r e a  o f  t h e  Bulkley River  before  the confluence
with the  Telkwa R iver.

4.5 DIFFUSE SOURCES

4.5.1 LEACHATES FROM LANDFILLS

Landfi l ls a r e  descr ibed i n  Ta b l e  6  a n d  t h e  l o c a t i o n s  shown i n
Figure 6  by t h e i r  permit  numbers.

a) Perow (PR 3782)

This permit i s  held by the  Regional D i s t r i c t  o f  Bulkley-Nechako f o r
a l a n d f i l l  a t  Perow, about  2 0  km northeast  o f  Houston. T h e  s i t e  i s
located on a  swampy p la teau  drained by Byman Creek which i s  about 1  km
away. I t  i s  a  s i n g l e  l a n d f i l l  s i t e  permitted t o  accept a  maximum o f

7
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5.4 m3/week o f  m u n i c i p a l  a n d  commercial  r e f u s e .  I t  h a s  a  h i s t o r y  o f
poor maintenance ( s c a t t e r e d  r e f u s e ,  p i t  n o t  r e g u l a r l y  r e -dug,  occas iona l
unpermitted b u r n i n g ,  i n f r e q u e n t  c o v e r i n g ) ,  a l t h o u g h  i t  has  been comp l i -
ant s i n c e  J u l y  o f  1982.

771

Byman C r e e k  s u p p o r t s  p o p u l a t i o n s  o f  D o l l y  Va r d e n  a n d  c u t t h r o a t
t r o u t ,  and  prov ides sa lmon id  spawning h a b i t a t  a t  i t s  conf luence w i t h  t h e
Bulkley R i v e r .  A  m o n i t o r i n g  program w a s  imp lemented  a t  f o u r  s i t e s
between 1976 and  1978 t o  ensure  t h a t  n o  con tamina t ion  o f  Byman Creek o r
i t s  f i s h e r y  was o c c u r r i n g  due t o  leacha tes  f r o m  t h e  dump. T h e s e  s i t e s
are shown i n  F i g u r e  6 ,  a n d  i n c l u d e :  1 )  s i t e  0400593, a  c u l v e r t  a b o u t
15 m n o r t h  o f  t h e  access  r o a d ;  2 )  s i t e  0400594, a  c u l v e r t  a b o u t  5 0  m
south o f  t h e  access r o a d ;  3 )  s i t e  0400595, s o u t h  c o r n e r  o f  t h e  r e f u s e
s i t e ;  a n d  4 )  s i t e  0400807, Byman Creek downstream f rom Perow l o o p  (where
Byman Creek f l o w  d i r e c t i o n  changes f r o m  s o u t h  t o  w e s t ) .  T h e  d a t a  a r e
summarized i n  Ta b l e  1 5 .  O n l y  t o t a l  c o p p e r  a n d  t o t a l  i r o n  exceeded
working a q u a t i c  l i f e  c r i t e r i a  a t  s i t e  0400807; 0 . 0 0 4  mg/L t o t a l  coppe r,
3.2 mg/L t o t a l  i r o n ,  compared t o  t h e  c r i t e r i a  o f  0 . 0 0 2  mg/L(20)  a n d
0.3 t o  1 . 0  m g / L ( 11 )  , r e s p e c t i v e l y .  T h i s  o c c u r r e d  o n  A p r i l  2 5 ,

1978, when these  meta ls  c o u l d  have been bound t o  suspended s o l i d s  which
were q u i t e  h i g h  ( 7 5  m g / L ) .  N o  i m p a c t  assessment  i s  i n  t h e  Was te
Management Branch p e r m i t  f i l e  PR 3782, n o r  have we at tempted t o  draw any
conclusions abou t  t h e  impac t  o f  t h i s  l a n d f i l l  o n  Byman Creek because o f
the p a u c i t y  o f  d a t a  ( n 5 2 )  a n d  l a c k  o f  a n  upst ream ( c o n t r o l )  s i t e  o n

Byman Creek.

b) Houston (PR 2687)

This p e r m i t  i s  a l s o  h e l d  b y  t h e  R e g i o n a l  D i s t r i c t  o f  B u l k l e y -
Nechako. I t  i s  f o r  a  l a n d f i l l  s i t e  l o c a t e d  sou th  o f  Houston and about
1.6 km e a s t  o f  Buck  Creek  i n  a n  a r e a  o f  f i n e  s a n d s  a n d  g r a v e l s .  I t
accepts u p  t o  3 0  m3 /d  o f  d o m e s t i c  a n d  commercia l  r e f u s e .  A  p e r m i t
requirement i s  f r e q u e n t  c o v e r i n g  a n d  c o m p a c t i o n ,  b u t  n o  b u r n i n g .
Moni tor ing requ i res  o n l y  p e r i o d i c  i n s p e c t i o n  by  Waste Management Branch.
No i m p a c t  o n  , t he  w a t e r  q u a l i t y  o f  n e i g h b o r i n g  B u c k  C r e e k  w o u l d  b e
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expected due  t o  t h e  d is tance  f rom t h e  l a n d f i l l  ( 1 . 6  km) a n d  t y p e  o f

soils.

c) Telkwa (PR 2270)

Also he ld  by t h e  Regional D i s t r i c t  o f  Bulkley-Nechako, t h i s  permit
is f o r  domestic a n d  commercial r e f u s e  f r o m  t h e  Smithers a n d  Telkwa
region. I t  i s  located about 10  km south o f  Smithers. U p  t o  563 m' /d  o f
refuse i s  permitted i n  a  s i n g l e  l a n d f i l l ,  l o c a t e d  i n  an a r e a  o f  s i l t y
gravel and c lay  about 200  m from t h e  Bulkley R i v e r.  Because t h i s  prox-
imity gives the  potent ia l  f o r  leachates t o  a f f e c t  water q u a l i t y,  a  regu-
lar  groundwater monitoring program w i t h  two w e l l s  was requ i red  b y  t h e

Waste Management Branch i n  t h e  1983 p e r m i t .  T h e s e  we l l s  have n o t  y e t
been established.

4.5.2 OTHER DIFFUSE SOURCES

rn

n

n

Other d i f f u s e  sources cont r ibut ing  n u t r i e n t s  and  suspended s e d i -
ments t o  the Bulkley River  include: f l

a) Agr icu l tura l  runof f ,  inc luding l ivestock wastes, f e r t i l i z e r s  and
pesticides, a n d  s o i l s  (suspended sediments) f rom eros ion .  T h e r e  a r e
extensive farmlands a long  t h e  e n t i r e  l e n g t h  o f  t h e  Bu lk ley  R iv e r  u p -
stream from Tr o u t  Creek ,  l o c a t e d  about 2 0  km n o r t h  o f  Smithers.  T h e
total  a r e a  o f  cu l t i va ted  land between Trout  Creek and the  junct ion  wi th
the Morice River i s  about 1  368  ha,  w i t h  an addi t ional  439 ha o f  cleared
or b u i l t - u p  l a n d ( 3 ) .  T h i s  i s  a  t o t a l  o f  1  8 0 0  h a  ( 1 8  k m 2 ) ,  a n d
represents o n l y  0 .2 -0 .3% o f  t h e  drainage a r e a  o f  t h e  Bu lk ley  R i v e r .
Cultivated areas a r e  mainly used f o r  forage crops,  vegetables,  and t o  a
lesser extent  f o r  gra ins .  T h e  amount o f  cu l t i va ted  land on the Bulkley
River upstream f rom t h e  j u n c t i o n  w i t h  t h e  Morice R i v e r  has  n o t  been
determined; a g r i c u l t u r a l  u s e  i n  t h i s  a r e a  i s  p r i m a r i l y  f o r a g e
crops(54). A n  undetermined amount o f  a g r i c u l t u r a l  r u n o f f  a l s o
occurs t o  lower Buck and Maxan Creeks.
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b) Sept ic  tank seepage from the  V i l l a g e  o f  Telkwa.

The population o f  Telkwa was 840  i n  t h e  1981 census.  S e p t i c  tanks
and t i l e  f i e l d s  a r e  used as t h e  means o f  sewage treatment  and disposal.
The major i ty  o f  t h e  population i s  located i n  t h e  Telkwa River  drainage,
well back  f rom t h e  Telkwa and Bu lk ley  R ivers .  T h e  s o i l s  a r e  poor ly
suited t o  t h i s  form o f  sewage t reatment .  A l t h o u g h  t h e  system appears
adequate a t  present ,  some addit ional  services may be recommended fo r  the
community plan by the  Min is t ry  o f  Municipal A f f a i r s ,  p a r t i c u l a r l y  i f  t h e
Telkwa Coal  development proceeds ( s e e  s e c t i o n  4 . 4 ) .  A t  t h e  present
time, i t  i s  predicted t h a t  t h e  e f f e c t s  o f  s e p t i c  tanks on  t h e  Te lkwa/ -
Bulkley R iver  water  q u a l i t y  a r e  minimal,  because o f  t h e  smal l  popula-
tion and the  large d i l u t i o n  ava i lab le  i n  the  Telkwa and Bulkley Rivers.

c) Possible drainage f rom o l d  abandoned mines o n  Bob and Dungate
Creeks, t r i b u t a r i e s  t o  lower Buck Creek.

The p o s s i b i l i t y  tha t  t h e r e  a re  leachates from these mines impacting
Buck Creek water q u a l i t y  has not  been invest igated.

d) Erosion from logging and land c lear ing  a c t i v i t i e s .

Logging has h i s t o r i c a l l y  been ac t ive  i n  the  Bulkley River  drainage,
with a  cur rent  a l lowable  c u t  o f  3  000  ha/year  ( 3 0  km2 o r  0.25% o f  t h e
Bulkley R i v e r  dra inage  a r e a )  (14) . T h e  e f f e c t  o f  l o g g i n g  o n  w a t e r

qual i ty has not  been determined.

Research elsewhere i n  North America has shown t h a t  changes i n  water
qual i ty  f r o m  l o g g i n g  a l o n e  a r e  r e l a t i v e l y  s m a l l ,  w i t h  t h e  m a j o r
exception be ing  sediments(15).  O n e  o f  t h e  major  causes o f  sediment
in streams has been improper r o a d  construct ion t o  access t h e  t imber ;
poor construction techniques may cause surface erosion,  mass s o i l -move-
ment, a n d  stream-channel e ros ion (16 )  . T h e  m a j o r  h a u l  r o a d s  i n  t h e
Bulkley River watershed t h a t  serv ice  the  main logging areas near  Houston
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and t h e  Morice and Telkwa Rivers  have been i n  p l a c e  f o r  y e a r s .  O n e
would expect the  major i ty  o f  erosion t o  be a t  new construction s i t e s  f o r
new access roads i n  the  Bulkley River  drainage.  T h e  magnitude o f  s e d i -
ment t ransport  t o  streams from t h e  logging harvest  i t s e l f  depends upon
the s i t e  spec i f i c  operat ion .  T h e  s o i l  disturbance,  t h e  s teep t e r r a i n ,
and wet  weather make eros ion and t ransport  o f  sediments i n t o  streams
probable(17)

The amount o f  broadcast-slash-burning f o l l o w i n g  logg ing  h a s  n o t
been quant i f ied  f o r  t h e  Bulk ley  River  drainage.  Changes  i n  some water
quality character is t ics  o ther  than sediment might be  expected fo l lowing
slash-burning. I n  p a r t i c u l a r,  ni trogen and phosphorus could be released

to surface water,  becoming ava i lab le  f o r  the  growth o f  a lgae and aquat ic
plants i n  streams(15).

e) Forest  F i res

There was an  1  8 0 0  h a  ( 1 8  km2) f o r e s t  f i r e  i n  t h e  spr ing o f  1983,
in t h a t  a r e a  o f  t h e  Bulkley R iver  watershed bounded by Buck Creek, t h e
Parrott Lakes,  a n d  t h e  Morice R i v e r  ( F i g u r e  6 ) .  T h i s  l a r g e  a r e a  i s
currently being salvage logged. N o  attempt has been made t o  monitor t h e
effect o f  t h i s  f i r e  o n  the  water q u a l i t y  o f  streams i n  the  area .

Forest f i r e s  a n d  s lash  burning can a f f e c t  water  q u a l i t y.  B e s i d e s
an i n c r e a s e  i n  suspended sediments a n d  t u r b i d i t y  d u e  t o  increased
erosion, n u t r i e n t  export  can be increased. T h e  impact on  water q u a l i t y
of a  spr ing f i r e ,  s u c h  a s  t h e  1  800  ha f i r e  mentioned above, can be  o f
short d u r a t i o n  i f  v igorous  regenerat ion  o f  v e g e t a t i o n  occurs w h i c h
reduces sediment and nut r ien t  losses t o  the  aquat ic  environment. F i r e s
occurring dur ing t h e  summer o r  e a r l y  f a l l  have t h e  p o t e n t i a l  t o  burn
more i n t e n s e l y,  consequently exposing m i n e r a l  s o i l  t o  e r o s i o n  a n d
preventing the recycl ing o f  nutr ients  by vegetation(30)

n
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n
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Whereas l o s s e s  o f  n i t r a t e  and o t h e r  f o r m s  o f  n i t r o g e n  f r o m  u n d i s -
t u rbed  f o r e s t  e c o s y s t e m s  a p p e a r  t o  b e  n e g l i g i b l e ( 3 1 , 3 3 , 3 4 )

n i t r a t e - n i t r o g e n  i n  s t reamf low appears  t o  i nc rease  d u r i n g  t h e  f i r s t  a n d
second y e a r s  f o l l o w i n g  f i r e s  a n d  s l a s h  b u r n i n g ( 3 1 ' 3 5 ) .  T i e d e m a n n
and H e l v e y ( 3 2 )  r e p o r t e d  a  c h a n g e  f r o m  0 . 0 1 5  m g / L  maximum i n  a
mountain stream b e f o r e  a  f i r e  t o  a  maximum o f  0 . 0 5 6  mg/L a f t e r  a  severe
w i l d f i r e .

Fi res a l s o  i n c r e a s e  phosphorus e x p o r t  f r o m  a  watershed,  w i t h  c o n -
cent ra t ions e l e v a t e d  i n  t h e  r u n o f f  f o r  about  t w o  y e a r s .  T h e r e  appeared
to  be a  n e g l i g i b l e  e f f e c t  o n  a  stream and a  l a k e ,  however,  f o r  t w o  f i r e s

36)that  w e r e  s t u d i e d  ( 3 0 , .  T h i s  h a s  b e e n  a t t r i b u t e d  t o  t h e  t r a n s -
ien t  a n d  d i s c o n t i n u o u s  n a t u r e  o f  o v e r l a n d  r u n o f f ,  t h e  a d s o r p t i o n  o f
groundwater phosphorus  t o  s o i l s ,  a n d  t h e  u s u a l l y  q u i c k  r e v e g e t a t i o n
f o l l o w i n g  a  s p r i n g  f i r e ( 3 0 ) .  A l s o ,  phosphorus  f r o m  t h e  f i r e  i n  t h e
Bulk ley R i v e r  watershed wou ld  b e  d i l u t e d  q u i c k l y  i n  t h e  l a r g e  f l o w s  o f
the Mor ice R i v e r,  and  r a p i d l y  i nco rpo ra ted  i n t o  o r g a n i c  m a t t e r.

r
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To p u t  t h e  a r e a  o f  t h i s  p a r t i c u l a r  f i r e  i n t o  p e r s p e c t i v e ,  i t  i s
only 3% o f  t h e  d r a i n a g e  a r e a  o f  n e i g h b o r i n g  Buck  C r e e k ,  0 .4% o f  t h e
drainage a r e a  o f  t h e  M o r i c e  R i v e r  a t  t h e  mouth ,  a n d  o n l y  0.3% o f  t h e
drainage a rea  o f  t h e  B u l k l e y  R i v e r  immedia te ly  below t h e  conf luence w i t h
the M o r i c e  R i v e r .  A l t h o u g h  n o  w a t e r  q u a l i t y  s t u d y  was c a r r i e d  o u t  t o
determine t h e  i m p a c t  o f  t h e  f i r e ,  i t  i s  l i k e l y  t h a t  s m a l l  s t r e a m s
dra in ing  t h e  f i r e  ( i n c l u d i n g  Buck Creek)  c o u l d  have been a f f e c t e d ,  b u t
not t h e  l a r g e r  Bulkley o r  Morice Rivers.
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5. WATER QUALITY

The M i n i s t r y  o f  Environment h a s  begun t o  e s t a b l i s h  c r i t e r i a  f o r
Bri t ish Columbia which speci fy  the  Min is t ry  po l icy  respecting acceptable
levels o f  water  q u a l i t y  charac ter is t ics .  U n t i l  approved c r i t e r i a  a r e
established, working c r i t e r i a  have adopted from other  ju r isd ic t ions  f o r
the purposes o f  assessing water  q u a l i t y  and  es tab l ish ing  prov is iona l
water q u a l i t y  object ives.  T h e  c r i t e r i a  eventual ly adopted as provincia l
policy may b e  d i f f e r e n t  f rom t h e  working c r i t e r i a  used h e r e .  U n l e s s
stated otherwise, c r i t e r i a  a r e  expressed i n  t h i s  repor t  as  t h e  concen-
trations o f  t h e  c h a r a c t e r i s t i c  i n  t h e  t o t a l  f o r m  r a t h e r  t h a n  t h e
dissolved.

The locations o f  s i t e s  discussed below a r e  shown i n  Figure 6 .

5.1 UPPER BULKLEY RIVER

5.1.1 OUTLET OF BULKLEY LAKE (SITE 0400200)

This s i t e  was sampled between 1972 and  1976,  w i t h  t h e  number o f
samples ranging from one t o  s i x ,  depending on t h e  charac te r is t i c .  T h e
available data a re  summarized i n  Table 16 .

The Bulk ley R iver  headwaters a r e  s o f t ,  w i t h  hardness ranging from
25.9 t o  3 7 . 0  mg/L ( n 4 ) .  T h i s  i s  s u i t a b l e  f o r  domestic use,  although
below t h e  8 0 - 1 0 0  mg/L hardness r a n g e  considered acceptable  b y  t h e
Brit ish Columbia M i n i s t r y  o f  H e a l t h ( 1 8 ) .  , A l k a l i n i t y  was a l s o  l o w,
ranging from 2 8 . 0  t o  3 7 . 8  mg/L ( n - 4 ) .  T h i s  i s  w i t h i n  a q u a t i c  l i f e
c r i t e r i a  ( > 2 0  m g / L ) ( 8 )  a n d  i r r i g a t i o n  c r i t e r i a  ( < 6 0 0  m g . / L ) ( 8 ) .
Turbidity w a s  w i t h i n  Canadian r e c r e a t i o n  c r i t e r i a  ( < 5 0  N T U ) ( 5 5 ) ,
but exceeded t h e  maximum acceptable  B r i t i s h  Columbia d r i n k i n g  w a t e r
standard o f  5  NTU ( 1 8 )  o n  o n e  occasion d u r i n g  f r e s h e t  ( 9 . 2  NTU o n
June 1 4 ,  1 9 7 4 ) .  A l l  s i x  o f  t h e  t u r b i d i t y  measurements exceeded t h e
object ive  l e v e l  o f  1  N T U  f o r  d r i n k i n g  w a t e r ( 1 8 ) .  A d d i t i o n a l
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sampling would  b e  r e q u i r e d  t o  determine whether  t u r b i d i t y  need  b e
removed i n  water t reatment  t o  meet t h e  M in is t ry  o f  Hea l th  standard f o r
drinking water.

7

rn

Colour exceeded t h e  B r i t i s h  Columbia d r i n k i n g  water  standard ( 1 5
TCU)(18) i n  a l l  samples  (maximum o f  6 0  T C U ;  n = 4 ) .  S i m i l a r l y ,
tannin and l i g n i n  exceeded t h e  detect ion  threshold f o r  t a s t e  and odour
for d r i n k i n g  w a t e r  ( 0 . 4  mg/L) (59)  i n  t h e  o n l y  sample analyzed ( 0 . 7
mg/L o n  September 11 ,  1 9 7 2 ) .  C o l o r  and tannins and l i g n i n s  reduce t h e
aesthetic appeal o f  dr inking water,  b u t  do not  a f f e c t  human hea l th .  T h e
high l e v e l  f o r  these two character is t ics  could render t h e  water aesthet -
i ca l l y  unappealing f o r  t h e  t w o  domestic wa te r  l i c e n s e s  o n  t h e  Upper
Bulkley River  i n  t h i s  area  (see  Figure 6 ) .

Only one sample was analysed f o r  f e c a l  col i forms;  1 7  MPN/100 mL on
September 1 1 ,  1 9 7 2 .  T h e  B r i t i s h  Columbia d r i n k i n g  w a t e r  s tandard
suggests o n l y  d is in fec t ion  when t h e  9 0 t h  p e r c e n t i l e  o f  a l l  samples i s
<10 f e c a l  c o l i f o r m s / 1  00 m L ( 1 8 ) .  T h e r e  a r e  t o o  f e w  d a t a  t o
determine what  l e v e l  o f  t rea tment  i s  requ i red  p r i o r  t o  d r i n k i n g ,  t o
protect t h e  domestic users i n  the  area .

Total i r o n  equalled o r  exceeded the  B r i t i s h  Columbia dr inking water
standard ( 0 . 3  mg/L)(18)  i n  a l l  t h r e e  samples, w i t h  a  maximum o f  0 . 6
mg/L. D i s s o l v e d  i r o n  was l e s s  t h a n  t h i s  standard i n  t w o  d i f f e r e n t
samples, ind ica t ing  t h a t  some o f  the  t o t a l  i r o n  may have been due t o  the
iron content o f  s o i l  p a r t i c l e s ,  and  thus n o t  a  problem. T h e r e  a r e  no
samples w i t h  b o t h  analyses ( t o t a l  a n d  dissolved i r o n )  t o  assess t h e
situat ion adequately.  T h e  dr ink ing water standard f o r  i r o n  i s  based on
aesthetic considerations r a t h e r  than on human hea l th .

One o f  f i v e  samples  f o r  t o t a l  l e a d  e q u a l l e d  t h e  a q u a t i c  l i f e
cr i te r ion  f o r  s o f t  w a t e r  ( 0 . 0 0 5  m g / L ) ( 1 9 ) .  A n a l y s i s  was n o t  made
of t h e  dissolved f r a c t i o n  i n  these samples, which could  have ind ica ted
the unava i lab le  f r a c t i o n  o f  l e a d  associated w i t h  suspended s o l i d s  o r
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part iculate mat te r.  D i s s o l v e d  l e a d  i n  two other  samples was below t h e
cr i ter ion .

Copper l e v e l s  equa l led  o r  exceeded t h e  aqua t ic  l i f e  and w i l d l i f e
cr i ter ion i n  s o f t  w a t e r  ( 0 . 0 0 2  mg/L) (2° )  i n  3  o f  5  samples, w i t h  a
maximum o f  0 . 0 1 5  mg/L d issolved copper o n  September 1 1 ,  1 9 7 2 .  S u c h
natural departures f rom aquat ic  l i f e  c r i t e r i a  a r e  n o t  unusual i n  B .C .
waters because o f  widespread copper mineral izat ion.  I t  i s  un l i ke ly  t h a t
these copper l e v e l s  a r e  a  problem f o r  aquat ic  l i f e  i n  the  Bulkley R iver.
Copper l e v e l s  were acceptable f o r  other uses o f  the  Upper Bulkley R iver,
however, inc lud ing  dr ink ing  wa te r,  r e c r e a t i o n ,  l i v e s t o c k  water ing ,  and
i r r iga t ion .

Zinc l e v e l s  a l s o  exceeded t h e  aquat ic  l i f e  and w i l d l i f e  c r i t e r i o n
(0.05 mg/L f o r  hardness 0 - 1 2 0  mg/L) (23) ,  b u t  o n l y  i n  1  o f  5  samples
(0.09 mg/L dissolved z inc  on September 11 ,  1972 ) .  T h e s e  high copper and
zinc l e v e l s  s h o u l d  b e  i n v e s t i g a t e d ,  i n  p a r t i c u l a r  because o f  t h e
possible synergism between t h e  t w o ( 2 5 , 2 6 ) .  S a m p l i n g  would conf i rm
whether o r  no t  r e l a t i v e l y  high l e v e l s  a r e  common. H i g h  l e v e l s  o f  these
two metals a r e  noted  elsewhere i n  t h e  B u l k l e y  R i v e r  dra inage ( e . g . ,
Morice R i v e r  s i t e  0400203 a n d  Telkwa R i v e r  s i t e  0400187) ,  suggesting
copper/zinc mineral izat ion i n  the  watershed.

Al l  o t h e r  c h a r a c t e r i s t i c s  measured were  w i t h i n  c r i t e r i a  f o r  a l l
water uses i n  t h i s  region o f  t h e  Upper Bulkley R iver.

5.1.2 UPSTREAM FROM BUCK CREEK (SITE 0400201)

This s i t e  was a l s o  sampled between 1972 and 1976.  T h e  d a t a  a r e
summarized i n  Table 17 .

Compared t o  the  o u t l e t  o f  Bulkley Lake ( s i t e  0400200), t h e  water i n
the Bulk ley  R iver  above Buck Creek increased i n  hardness, w i t h  values
ranging f rom 3 4  t o  9 2  mg/L ( n . 8 ) ,  a n d  increased i n  a l k a l i n i t y ,  w i t h
values ranging from 3 6  t o  9 7  mg/L ( n - 7 ) .  T u r b i d i t y  was a l s o  h igher,
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exceeding t h e  maximum a c c e p t a b l e  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r
standard ( 5  NTU)(18)  d u r i n g  f r e s h e t  ( 2 4  NTU J u n e  1 4 ,  1 9 7 4 ;  2 1  N T U
June 2 ,  1 9 7 5 ;  1 4  NTU J u l y  5 ,  1 9 7 6 ) .  A l l  e i g h t  v a l u e s  exceeded t h e
ob jec t i ve  l e v e l  o f  1  N T U ( 1 8 ) .  T u r b i d i t y  w o u l d  h a v e  t o  b e  removed
t o  meet M i n i s t r y  o f  H e a l t h  d r i n k i n g  wa te r  s tandards  f o r  f i n i s h e d  w a t e r
(at t h e  t a p ) .

Color exceeded t h e  B r i t i s h  Columbia d r i n k i n g  w a t e r  s t anda rd  o f  1 5
TCU(18) i n  3  o f  6  o c c a s i o n s ,  a l l  d u r i n g  f r e s h e t .  A l t h o u g h  t h e r e
are n o  domes t i c  l i c e n s e s  i n  t h i s  a r e a ,  t h e r e  i s  a  commerc ia l  w a t e r
haul ing o p e r a t i o n  ( l i c e n s e  CL -55785) t h a t  s u p p l i e s  w a t e r  f o r  domes t i c
use. T h e r e  may b e  a e s t h e t i c  problems f o r  u s e r s  o f  t h i s  w a t e r  d u r i n g
f reshe t .

There a r e  t o o  f e w  f e c a l  c o l i f o r m  d a t a  a t  s i t e  0400201 ( n = 1 ;  1 3
MPN/100 mL o n  September 11 ,  1972 )  t o  determine whether  d i s i n f e c t i o n  i s
the o n l y  t r e a t m e n t  r e q u i r e d  t o  meet  t h e  M i n i s t r y  o f  H e a l t h  d r i n k i n g
water s tandard  ( d i s i n f e c t i o n  o n l y  i s  suggested i f  t h e  9 0 t h  p e r c e n t i l e  i s
<10 f e c a l  c o l i f o r m s / 1 0 0  m L ) ( 1 8 ) .  F u r t h e r  s a m p l i n g  s h o u l d  b e  d o n e
to  p r o t e c t  t h e  domest ic  users  o f  t h e  water  p rov ided  by  t h e  wa te r  h a u l i n g

l i cense  (CL-55785).

As a t  s i t e  0400200 ups t ream,  c o p p e r  exceeded  t h e  a q u a t i c  l i f e
c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n  3  o f  7  s a m p l e s .  T w o  o f  t h e s e  w e r e
dur ing f r e s h e t  when t h e  m a j o r i t y  o f  copper  c o u l d  have been t i e d  up  w i t h
suspended sediments .  T h e  h i g h e s t  concen t ra t i on  recorded  was 0 .006  mg/L
t o t a l  copper on  J u l y  5 ,  1976.  U n l i k e  upstream s i t e  0400200, z i n c  l e v e l s
were b e l o w  t h e  a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n  ( 0 . 0 5
mg/L)(23) .

I ron l e v e l s
(0.3 m g / L ) ( 1 8 )
4 o f  7  samples.
2.5 mg/L ,  d u r i n g
the i r o n  con ten t

exceeded t h e  B r i t i s h  Columbia d r i n k i n g  wa te r  s t anda rd
and a q u a t i c  l i f e  c r i t e r i a  ( 0 . 3 - 1 . 0  m g / L ) ( 11 )  i n
The h i g h e s t  concen t ra t i ons  o f  t o t a l  i r o n  were 1 . 9  and
f reshe t  when most  o f  t h e  i r o n  c o u l d  have been due t o

of suspended sediments wh ich  were a l s o  r e l a t i v e l y  h i g h

7
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on t h e  t w o  d a t e s  ( 6 0  m g / L  J u n e  2 ,  1 9 7 5 ;  2 8  mg/L J u l y  5 ,  1 9 7 6 ) .
Dissolved i r o n  was l e s s  than  o r  equal t o  t h e  dr ink ing  water c r i t e r i o n ,
and thus i r o n  may not be an aesthet ic  problem when the  water i s  used f o r
drinking.

Manganese exceeded t h e  B r i t i s h  Columbia d r i n k i n g  water  s tandard

(0.05 mg/L) (18)  i n  4  o f  6  samples, w i t h  va lues  r a n g i n g  f r o m  < 0 . 0 2
to 0 . 1 2  mg/L dissolved t o  0 . 0 7  t o  0 . 0 9  mg/L t o t a l  manganese. T h r e e  o f
these four  samples were taken during f reshet .  Manganese a t  these l e v e l s
may cause aesthet ic  problems ( e . g . ,  laundry and f i x t u r e  s t a i n i n g )  i f  not
removed p r i o r  t o  use f o r  domestic purposes.

Only 1  o f  7  samples had a  t o t a l  l e a d  concentration equal  t o  t h e
0.005 m g / L  c r i t e r i o n  f o r  a q u a t i c  l i t e ( 1 9 ) .  A l l  o t h e r  c o n c e n -
trations were below detect ion  l i m i t s  f o r  both  t h e  dissolved and t o t a l
fractions. Some o f  t h i s  t o t a l  l e a d  may have been t i e d  up with the  sus-
pended sediments o f  f reshet  ( a  r e l a t i v e l y  high 28  mg/L on Ju ly  5 ,  1976 ) ,
which would leave  t h e  dissolved f r a c t i o n  t h a t  i s  a v a i l a b l e  t o  aquat ic
l i f e  wi th in  the c r i t e r i o n .

Al l  other character is t ics  measured met c r i t e r i a  f o r  a l l  o ther  water
uses.

5.1.3 HOUSTON AREA, SEWAGE TREATMENT PLANT (PE 287) INFLUENCE

Site 0400297, upstream from the  sewage treatment p lan t  discharge.

The ava i lab le  data  from t h i s  s i t e ,  sampled between 1974 and 1975,
are summarized i n  Table 18 .

In genera l ,  w a t e r  chemistry was s i m i l a r  t o  t h a t  a t  s i t e  0400201
upstream (sect ion 5 . 1 . 2 )  from the  confluence w i t h  Buck Creek. Tu r b i d i t y
was h i g h e r  t h a n  t h e  maximum acceptable  d r i n k i n g  w a t e r  s tandard  ( 5
NTU)(18) i n  1  o f  2  samples ( 2 1  N T U  o n  M a y  2 0 ,  1 9 7 5 ) .  C o p p e r
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exceeded t h e  m in imum a q u a t i c  l i f e  a n d  w i l d l i f e  c r i t e r i o n  ( 0 . 0 0 2
mg/L)(20) a l s o  o n  t h a t  d a t e  ( 0 . 0 0 3  mg /L d i s s o l v e d  c o p p e r ) .  F e c a l

co l i fo rm l e v e l s  were h i g h e r  t h a n  a t  upstream s i t e s  ( a l t h o u g h  n o t  neces-
s a r i l y  s i g n i f i c a n t l y  h i g h e r  d u e  t o  t h e  w i d e  c o n f i d e n c e  l i m i t s  o n  MPN
co l i f o rm v a l u e s ) ,  v a r y i n g  f r o m  8  t o  7 0  MPN/100 mL. T h i s  r e s u l t  i n d i -
cates t h a t  a  p a r t i a l  l e v e l  o f  t r e a t m e n t  ( f i l t r a t i o n ,  o r  e q u i v a l e n t ) .
fo l lowed b y  d i s i n f e c t i o n  r i : x  b e  n e c e s s a r y  t o  m e e t  B r i t i s h  Co lumbia
M i n i s t r y  o f  H e a l t h  r e q u i r e m e n t s ( 1 8 )  p r i o r  t o  d r i n k i n g  w a t e r  u s e ,
but l e v e l s  w e r e  w i t h i n  p r i m a r y -con tac t  r e c r e a t i o n  c r i t e r i a  ( 2 0 0 - 4 0 0
MPN/100 mL)(55) .

Levels o f  o t h e r  c h a r a c t e r i s t i c s  i n  Ta b l e  18  were  s u i t a b l e  f o r  a l l
other water  uses,  d u r i n g  t h e  p e r i o d  sampled.

S i t e  0400295 ,  1 0 0  m  downs t ream f r o m  t h e  s e w a g e  t r e a t m e n t  p l a n t
discharge.

The a v a i l a b l e  d a t a  f o r  t h i s  s i t e ,  sampled f r o m  1974 t o  1975, a r e
also summarized i n  Tab le  1 8 .

Tu r b i d i t y  exceeded t h e  maximum accep tab le  B r i t i s h  Columbia d r i n k i n g
water s t a n d a r d  ( 5  N T  U)(18) i n  1  o f  2  samp les  ( 2 3  NTU o n  May  2 0 ,
1975). T h i s  c o u l d  n o t  b e  a t t r i b u t e d  t o  t h e  upst ream d i s c h a r g e ,  how-
ever,  b u t  r e f l e c t s  f r e s h e t  c o n d i t i o n s .

To ta l  ammonia- n i t r o g e n  was g r e a t e r  a t  downstream s i t e  0400295 t h a n
at t h e  upstream s i t e  0400297 i n  2  o f  4  samples, and  i s  a t t r i b u t e d  t o  t h e
sewage d i s c h a r g e .  U n - i o n i z e d  ammonia-n i t r ogen  c o n c e n t r a t i o n s  ( c a l c u -
la ted )  w e r e  s t i l l  be low c r i t e r i a  f o r  a q u a t i c  l i f e  ( 0 .007 -0 .030  mg/L a s
N) (27) .  T h e  maximum t o t a l  ammonia v a l u e  w a s  0 . 0 6 8  m g / L  ammonia-N
on June 25,  1975,  compared t o  0 .038 mg/L a t  upstream s i t e  0400297. T h i s
is  much l e s s  t h a n  t h e  t h e o r e t i c a l  maximum o f  1 . 7  mg/L ca lcu la ted  i n

Sect ion 4 . 2 .

r
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N i t r i t e -n i t r ogen  was p r e d i c t e d  t o  be a  maximum o f  0 .056 mg/L i n  t h e
Bulkley R i v e r  under  w o r s t  case  c o n d i t i o n s  ( S e c t i o n  4 . 2 ) .  L i m i t e d  d a t a
from t h i s  s i t e  ( n - 4 )  showed o n l y  one sample w i t h  n i t r i t e -nitrogen con-
centration above t h e  detect ion l i m i t  ( 0 .005  mg/L); t h i s  was 0 .007  mg/L.
Further monitoring i s  required t o  determine whether l e v e l s  o f  n i t r i t e -
nitrogen c o n f l i c t  w i t h  water use.

There was a  s l i g h t  increase i n  feca l  col i forms downstream from t h e
discharge i n  2  o f  3  samples ( 8  and  4 9  MPN/100 mL a t  upstream s i t e
0400297, compared t o  27 and  110  MPN/100 mL a t  downstream s i t e  0400295).
Again, t h e s e  d i f f e r e n c e s  a r e  p r o b a b l y  n o t  t o o  s i g n i f i c a n t  d u e  t o  t h e
wide conf idence l i m i t s  o n  MPN c o l i f o r m  v a l u e s .  N e v e r t h e l e s s ,  i nc reases
i n  f e c a l  c o l i f o r m s  downstream f rom t h e  sewage d ischarge  were n o t  drama-
t i c  d u r i n g  t h e  sampled p e r i o d .  P a r t i a l  w a t e r  t r e a t m e n t  f o l l o w e d  b y
d i s i n f e c t i o n  w o u l d  p r o b a b l y  b e  r e q u i r e d  b e f o r e  d r i n k i n g  u s e  t o  meet
M i n i s t r y  o f  H e a l t h  r equ i r emen ts (18 )  F e c a l  c o l i f o r m  l e v e l s  w e r e

s u i t a b l e  f o r  p r i m a r y - c o n t a c t  r e c r e a t i o n  ( 2 0 0 - 4 0 0  M P N / 1 0 0  m L
c r i t e r i a ) ( 5 5 )  F u r t h e r  m o n i t o r i n g  o f  f e c a l  c o l i f o r m s  i s  needed t o
confirm t h e s e  conc lus ions  a s  t h e  t h e o r e t i c a l  maximum l e v e l s  c a l c u l a t e d
i n  Sect ion 4 . 2  suggested p o t e n t i a l  c o n f l i c t s  w i t h  water  use .

Phosphorus c o n c e n t r a t i o n s  w e r e  g r e a t e r  downstream f r o m  t h e  d i s -
charge i n  a l l  f o u r  samples t a k e n  i n  1974 a n d  1975. P h o s p h o r u s  concen-
t r a t i o n  was  q u i t e  h i g h  o n  o n e  d a t e  ( 0 . 1 5 3  m g / L t o t a l  phosphorus o n
September 2 4 ,  1974)  i n  t e rms  o f  a l g a l  g r o w t h  requ i rements ,  a l t hough  n o
analysis was done o f  t h e  dissolved f r a c t i o n .  I n  t h e  two  samples f o r
which analyses o f  bo th  f rac t ions  a r e  a v a i l a b l e ,  t h e  ma jor i ty  o f  phos-
phorus was t i e d  u p  a s  p a r t i c u l a t e ,  t h u s  l a r g e l y  unavai lable  f o r  a l g a l
growth (0 .061  a n d  0 . 1 2 3  mg/L t o t a l  phosphorus, compared t o  0 . 0 2  a n d
0.014 mg/L orthophosphorus). L o w  ammonia-N and n i t r a t e -N on those dates
(0.68 mg/L and  0 .01  mg/L ammonia-N; < 0 . 0 2  mg/L N i t r a t e -N b o t h  da tes )
suggest t h a t  n i t r o g e n  was l i m i t i n g ,  and a l s o  suggest  t h a t  a lgae  were no t
l i k e l y  a  p rob lem.  N o  samp l i ng  o f  a l g a l  b iomass downstream f r o m  t h e
Houston sewage d ischarge has been done t o  determine whether a lgae  a r e  i n
f a c t  s t imu la ted  b y  t h e  d ischarge .

7
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As a t  ups t ream s i t e s ,  d i s s o l v e d  c o p p e r  c o n t i n u e d  t o  exceed t h e
aquat ic  l i f e  a n d  w i l d l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L ) ( 2 0 )  i n  t h e  o n e
sample t a k e n  May 2 0 ,  1 9 7 5 .  T h e  downstream c o n c e n t r a t i o n  was g r e a t e r
than a t  t h e  upstream ( c o n t r o l )  s i t e  0400297 ( 0 . 0 0 5  compared w i t h  0 .003
mg/L). A l t h o u g h  t h i s  wou ld  appear  t o  be  due  t o  t h e  sewage d i s c h a r g e ,
the d i l u t i o n  a v a i l a b l e  i n  t h e  B u l k l e y  R i v e r  i n  May ( f r e s h e t )  wou ld  make
t h i s  u n l i k e l y .  T h e  d i f f e r e n c e  i s  p r o b a b l y  d u e  t o  t h e  v a r i a b i l i t y  i n
background r i v e r  concen t ra t i ons .

S i t e  0400296,  3 . 2  k m  downst ream f r o m  t h e  sewage  t r e a t m e n t  p l a n t
discharge.

7

The d a t a  c o l l e c t e d  f o r  t h i s  s i t e  between 1974 a n d  1975, w h i c h  can
be compared w i t h  d a t a  f r om  upstream s i t e s  0400295 and  0400297 c o l l e c t e d
dur ing t h e  same p e r i o d ,  a r e  summarized i n  Ta b l e  1 8 .  T h e  e n t i r e  d a t a
record f r o m  1974 t o  1984 f o r  s i t e  0400296 i s  summarized i n  Ta b l e  1 9 .
Monthly s a m p l i n g  b e g a n  i n  A u g u s t  o f  1 9 8 3  b y  t h e  Wa s t e  Management
Branch.

Tu r b i d i t y  exceeded t h e  maximum acceptab le  B r i t i s h  Columbia d r i n k i n g
water s t a n d a r d  ( 5  N T U ) ( / 8 )  o n  t h e  same d a t e  a s  t h e  upst ream s i t e s
p rev ious ly  mentioned ( 2 3  NTU a t  t h i s  s i t e  and  0400295 o n  May 20 ,  1975 ;

21 NTU a t  s i t e  0400297).

As a t  s i t e  0400295, f e c a l  c o l i f o r m  l e v e l s  were somewhat h i g h e r  t h a n
at s i t e  0400297 upstream f rom t h e  Houston sewage d i scha rge ,  meaning t h a t
water p robab ly  would r e q u i r e  p a r t i a l  wa te r  t rea tmen t  t o  meet M i n i s t r y  o f
Heal th  requ i remen ts (18 ) .  T h e  r a n g e  i n  l e v e l s  i n  t h e  B u l k l e y  R i v e r

at  t h i s  p o i n t  ( 2 - 7 9  MPN/100 mL) shows s u i t a b i l i t y  f o r  p r i m a r y -con tac t
rec rea t i on  (200-400 MPN/100 mL)(55) d u r i n g  t h e  sampled p e r i o d .

Dissolved ammonia- n i t r o g e n  concen t ra t i ons  were  r e l a t i v e l y  h i g h  f o r
the l a s t  3  o f  9  samp les .  T h e s e  o c c u r r e d  o n  December 5 ,  1 9 8 3  ( 0 . 1 5
mg/L), January  10,  1984 ( 0 . 2 0 3  mg/L) ,  and  February 6 ,  1984 (0 .201 m g / L ) .
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The concen t ra t ion  o f  un - i on i zed  ammonia- n i t r o g e n ,  t h e  t o x i c  f o rm ,  i s  l ow
at w i n t e r  t empera tu res  a n d  B u l k l e y  R i v e r  pH(28 )  ( t e m p e r a t u r e s  < 5 ° C ,

pH abou t  7 . 4 )  a n d  below f r e s h  wa te r  a q u a t i c  l i f e  c r i t e r i a  (0 .007 -0 .030
mg/L)(27).

Phosphorus l e v e l s  f o r  s i t e  0400296 as  i n d i c a t e d  i n  Tab les  18  and 19
were q u i t e  h i g h .  O r t h o p h o s p h o r u s  r a n g e d  f r o m  0 .008 -0 .049  m g / L ,  a n d
total  dissolved phosphorus from 0 .014-0 .056  mg/L. M o s t  o f  these  h igh
concentrations were dur ing t h e  no-growth winter  per iod  f o r  a lgae ,  how-
ever. T h e  o n l y  d a t a  f r o m  summer sampl ing a r e  o l d :  May 2 0  and June 25 ,
1975 ( 0 . 0 1 4  and  0 . 0 2  mg/L or thophosphorus,  r e s p e c t i v e l y ) .  N i t r o g e n  a t
these t i m e s  w a s  l o w ,  a n d  p r o b a b l y  l i m i t i n g  ( 0 . 0 1 3  a n d  0 . 0 5 2  m g / L
ammonia-N; unde tec tab le  concen t ra t ions  o f  n i t r a t e -N) .  T h e s e  h i s t o r i c a l
data suggest  t h a t  n o  a l g a l  p rob lems were  l i k e l y  a t  t h a t  t i m e .  F u t u r e
water samples a t  t h i s  s i t e ,  a n d  o t h e r s  o n  t h e  B u l k l e y  R i v e r ,  s h o u l d  be
analyzed f o r  a l l  n i t r o g e n  and  phosphorus spec ies  ( n i t r a t e  i s  c u r r e n t l y
not a lways  d o n e ) ,  a n d  a  q u a l i t a t i v e  o n - s i t e  assessment o f  t h e  a l g a l
biomass s h o u l d  b e  made. T h e s e  more comple te  n u t r i e n t  a n d  a l g a l  d a t a
could be  o f  p r e d i c t i v e  va l ue  f o r  t h e  B u l k l e y  R i v e r.

Aluminum exceeded t h e  aquat ic  l i f e  c r i t e r i o n  f o r  f i n g e r l i n g  t r o u t
(0.050 mg/L ) (32 )  o n  December 5 ,  1 9 8 3  ( 0 . 0 6  m g / L  t o t a l  aluminum),
and bo th  d i sso l ved  and t o t a l  aluminum equa l l ed  t h e  c r i t e r i o n  on  January
10, 1984.  N a t u r a l  aluminum l e v e l s  i n  excess o f  t h e  0 . 0 5  mg/L c r i t e r i o n
are q u i t e  common i n  t h e  B u l k l e y  R ive r  b a s i n .

Copper exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  mg/L) (23)  o n
May 20 ,  1975,  a n d  October 6 ,  1983,  w i t h  concen t ra t ions  o n  b o t h  dates o f
0.004 mg/L dissolved copper.  T h e s e  r e l a t i v e l y  h igh l e v e l s  a r e  s i m i l a r
to those reported f o r  o ther  upstream s i t e s ,  r e f l e c t i n g  copper minera l -
izat ion which i s  common i n  B r i t i s h  Columbia.

Iron e q u a l l e d  o r  exceeded t h e  B r i t i s h  Columbia d r i n k i n g  w a t e r
standard ( 0 . 3  mg/W(18 )  i n  3  o f  4  samples  f o r  t o t a l  i r o n  (maximum
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of 0 . 4 6  mg/L o n  January 1 0 ,  1 9 8 4 ) ,  b u t  i n  o n l y  1  o f  4  samples f o r
dissolved i r o n  ( 0 . 3 2  mg/L,  a l s o  o n  January 1 0 ,  1 9 8 4 ) .  A s  l e v e l s  o f
suspended sol ids  were low f o r  a l l  occasions ( 3  mg/L) when i r o n  exceeded
the c r i t e r i o n ,  i t  was l i k e l y  t h a t  i r o n  was present i n  t h e  water both i n
the dissolved form and a s  i r o n  p rec ip i ta tes .  I t  i s  a l s o  possible t h a t
some o f  t h e  dissolved i r o n  prec ip i ta ted  on t h e  f i l t e r  p a p e r  during t h e
f i l t r a t i o n  s t e p  o f  t h e  a n a l y s i s ,  r e s u l t i n g  i n  lower  t h a n  a c t u a l  c o n -
centrations f o r  t h i s  f r a c t i o n .  T h e r e f o r e  i r o n  may b e  a n  a e s t h e t i c
problem i n  untreated water used f o r  domestic purposes.

As a t  upstream s i t e  0400201, manganese equa l led  o r  exceeded t h e
Bri t ish Columbia  d r i n k i n g  w a t e r  s t a n d a r d  ( 0 . 0 5  m g / L ) ( 1 8 )  i n  a l l
four samples f o r  t o t a l  manganese and 3  o f  5  samples f o r  dissolved man-
ganese (maximum o f  0 . 0 9  mg/L on January 10,  1984,  f o r  both dissolved and
tota l  manganese). T h e s e  l e v e l s  may cause a e s t h e t i c  problems ( e . g . ,
staining) i f  not  removed from raw water p r i o r  t o  domestic use.

Al l  o t h e r  c h a r a c t e r i s t i c s  measured w e r e  s u i t a b l e  f o r  a l l  w a t e r
uses.

Site 0920089, 4 . 5  km downstream f rom t h e  sewage t reatment  p l a n t  d i s -
charge.

The d a t a  f o r  s i t e  0920089 a r e  summarized i n  Tab le  19 .  T h e s e  data
were co l lected  from 1972-1973 by  t h e  federa l  government, and i n  1983 by
the B r i t i s h  Columbia Min ist ry  o f  Environment (Waste Management Branch).

Turbidity continued t o  exceed the  maximum acceptable dr inking water
standard ( 5  NTU)(18) d u r i n g  f r e s h e t  ( 7 4  NTU o n  A p r i l  2 2 ,  3 3  NTU o n
May 1 8 ,  a n d  7 . 7  NTU on June 2 9 ,  1 9 7 1 ) .  T h e r e  was a l s o  one r e l a t i v e l y
high value o f  23 NTU on January 3 0 ,  1972.

Metals continued t o  exceed c r i t e r i a  f o r  some uses o f  t h e  Upper
Bulkley R iver.  Aluminum concentrations equal led o r  exceeded the  aquatic
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l i f e  c r i t e r i o n  ( 0 . 0 5  mg /L )  (9? i n  t w o  samples:  0 . 0 5  mg /L t o t a l  a l u m -
inum o n  November 1 4 ,  1 9 8 3 ,  a n d  0 . 8 5  mg/L t o t a l  a luminum o n  June  2 8 ,

1983. T h e  l a t t e r  h i g h  v a l u e  i n c l u d e s  0 . 0 4  m g / L  o f  t h e  d i s s o l v e d

f r a c t i o n ,  a n d  a t  l e a s t  p a r t  o f  t h e  rema in ing  aluminum wou ld  have been
t i e d  u p  w i t h  suspended s o l i d s  c h a r a c t e r i s t i c  o f  f r e s h e t ,  a l t hough  t h e r e
are n o  s u p p o r t i n g  d a t a .  A l u m i n u m  concen t ra t i ons  exceeding t h e  a q u a t i c
l i f e  c r i t e r i o n  were a l s o  noted a t  s i t e  0400296, 1 . 3  km upstream.

Cadmium exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  s o f t  wa te r  (0 .0002
mg/L)(21) f o r  b o t h  d i s s o l v e d  a n d  t o t a l  cadmium o n  t h e  f i r s t  d a t e
t h i s  a n a l y s i s  was per formed;  0 . 0 1 2  mg/L t o t a l  cadmium, 0 .0018  mg/L d i s -
solved cadmium on  June 28 ,  1983.  H i g h  d e t e c t i o n  l i m i t s  o n  November 14 ,
1983 (0 .0005 mg/L) may have masked concent ra t ions  t h a t  o n  t h a t  d a t e  a l s o
exceeded t h i s  c r i t e r i o n .  T h e  minimum d e t e c t i o n  l i m i t  f o r  cadmium shou ld
be a t  l e a s t  a s  l o w  a s  t h e  c r i t e r i o n  l e v e l ,  0 . 0 0 0 2  mg/L .  T h e  B r i t i s h
Columbia d r i n k i n g  w a t e r  s t a n d a r d  ( 0 . 0 0 5  m g / L )  (18) w a s  exceeded i n
1 o f  4  samples ( 0 .012  mg/L o n  June 28 ,  1983 ) .

Copper exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  mg /L ) (20 )  i n
1 o f  7  samples; 0 . 0 0 4  mg/L t o t a l  copper  was measured o n  June 28 ,  1983.

This h igher  l e v e l  may have been assoc ia ted  w i t h  h i g h  l e v e l s  o f  suspended
so l ids  d u r i n g  f r e s h e t .

S i m i l a r l y,  t h e  s i n g l e  h i g h  v a l u e  f o r  i r o n  ( 1 . 7  mg/L t o t a l  i r o n )  i n
excess o f  t h e  d r i n k i n g  w a t e r  a n d  a q u a t i c  l i f e  c r i t e r i a  ( 0 . 3 - 1 . 0
mg/L)(11,18) w a s  f o r  t h e  same d a t e  d u r i n g  f r e s h e t ,  J u n e  2 8 ,  1 9 8 3 ,
and was probab ly  due t o  t h e  i r o n  conten t  o f  suspended s o l i d s .  A l l  seven
dissolved i r o n  va lues were low (50 .19  mg/L) .

Only 1  o f  6  l e a d  samples h a d  d e t e c t a b l e  l e v e l s  ( 0 . 0 0 5  mg/L t o t a l
lead) ,  o n  J u n e  2 8 ,  1 9 8 3 ,  d u r i n g  f r e s h e t .  T h i s  l e v e l  e q u a l l e d  t h e
c r i t e r i o n  f o r  a q u a t i c  l i f e ( 1 9 ) .

Manganese l e v e l s  equa l l ed  o r  exceeded t h e  B r i t i s h  Columbia d r i n k i n g
water s t a n d a r d  ( 0 . 0 5 0  m g / L ) ( 1 8 )  o n  December 1 ,  1 9 7 0  ( 0 . 0 5 0  m g / L ) .
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and February  2 3 ,  1971 ( 0 . 0 7 0  mg /L ) ,  b u t  was s u i t a b l e  f o r  a l l  w a t e r  uses
in  t h e  remain ing samples.

Zinc l e v e l s  were l e s s  t h a n  t h e  c r i t e r i o n  f o r  a q u a t i c  l i f e  and w i l d -
l i f e  ( 0 . 0 5 0  m g / L ) ( 2 3 )  f o r  a l l  s i x  samples  f r o m  1970-1972 a n d  1 9 8 3 .
There a r e  n o  samples between 1972 a n d  1976,  howeve r,  when s i t e  0400200
upstream had r e l a t i v e l y  h i g h  l e v e l s .

Levels o f  o t h e r  c h a r a c t e r i s t i c s  m e t  c r i t e r i a  f o r  a l l  u s e s  o f  t h e
Bulkley R i v e r.

5.2 MORICE RIVER SITE 0400203, Upstream f rom t h e  B u l k l e y

This s i t e  w a s  samp led  i n f r e q u e n t l y  be tween  1 9 7 2  a n d  1976  (n5 .7 ,
depending o n  t h e  c h a r a c t e r i s t i c ) ,  b u t  h a s  b e e n  sampled  m o n t h l y  s i n c e
March o f  1 9 8 3  b y  t h e  Wa s t e  Management B r a n c h .  A v a i l a b l e  d a t a  a r e
summarized i n  Tab le  20 .

r Morice R i v e r  f l o w s  a t  s i t e  0400203 a r e  much g r e a t e r  t h a n  Uppe r
Bulk ley R i v e r  f l o w s .  T h e  Mor ice :Upper  B u l k l e y  r a t i o  o f  p r e d i c t e d  l o w
f lows i s  a b o u t  2 2 : 1  t o  7 5 : 1  ( s e e  Ta b l e  1 ) .  T h e  d r a i n a g e  a r e a  o f  t h e
Morice R i v e r  a t  t h e  mouth  i s  4  270  km2,  compared t o  1  7 4 0  km2 f o r  t h e
Upper Bulkey R i v e r.

Water a t  s i t e  0400203 was  s o f t  ( s e e  Ta b l e  2 0 ) ,  g e n e r a l l y  r a n g i n g
from 1 8  t o  2 4  mg/L hardness  ( n = 1 7 ) .  O n e  e x c e p t i o n  was 9 8  mg/L t o t a l
hardness o n  June 1 ,  1 9 8 3 ;  t h i s  h i g h  v a l u e  c o u l d  have been a t t r i b u t e d  t o
high suspended s o l i d s  d u r i n g  f r e s h e t  ( 1 0 5  mg/L o n  t h a t  d a t e ) .  T h e  wa te r
i s  s o f t e r  t h a n  Upper  B u l k l e y  R i v e r  w a t e r  a n d  s i m i l a r l y  was b e l o w  t h e
80-100 m g / L  h a r d n e s s  r a n g e  c o n s i d e r e d  a c c e p t a b l e  f o r  d o m e s t i c
purposes(18). A l k a l i n i t y  was  a l s o  l o w e r  t h a n  t h a t  o f  Uppe r  B u l k l e y
River w a t e r,  r a n g i n g  f rom 18 .5  t o  31 .2  mg/L ( n - 1 8 ) ,  b u t  g e n e r a l l y  met t h e
aquat ic  l i f e  c r i t e r i o n  ( > 2 0  m g / L ) ( 8 )  a n d  t h e  i r r i g a t i o n  c r i t e r i o n
(<600 m g / L ) ( 8 ) .
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Turbidity exceeded the maximum acceptable B r i t i s h  Columbia drinking
water standard ( 5  NTU)(18) i n  5  o f  1 5  samples dur ing  f r e s h e t  between
1974 and 1983, ranging from 7 . 4  t o  44  NTU, i n d i c a t i n g  t h a t  treatment t o
remove t u r b i d i t y  would be necessary p r i o r  t o  dr inking during f reshet .

Ammonia a n d  n i t r a t e  n i t r o g e n  a n d  d isso lved  phosphorus concen-
trations i n  t h e  Morice R iver  a t  s i t e  0400203 were low,  approaching the
l imi ts  o f  detect ion.  Maximum concentrations were as fo l lows:  0 . 0 1 3  mg/L
ammonia-N on  June 2 ,  1975 (n=15) ;  0 . 0 6  mg/L n i t r a t e / n i t r i t e - N  o n  March
20, 1 9 7 4  ( n = 1 7 ) ;  undetectable  orthophosphorus f o r  a l l  samples ( n = 9 ) ;
0.008 mg/L t o t a l  dissolved phosphorus on March 4 ,  1983 (n=11) .

Several m e t a l s  i n  t h e  Mor ice  R i v e r  a t  s i t e  0400203 sometimes
equalled o r  exceeded water  use  c r i t e r i a .  F r e q u e n t l y  i t  was t h e  t o t a l
metal concentration (no t  the  dissolved f r a c t i o n )  t h a t  exceeded c r i t e r i a ,
and usual ly  during f r e s h e t  ( A p r i l  t o  J u l y )  when t h e  ma jor i ty  o f  metal
could be bound t o  the suspended sol ids which were r e l a t i v e l y  high during
that period (10-105 mg/L). T h e s e  metals and t h e  re levant  c r i t e r i a  are:

( i )  Aluminum, a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 5  m g / L ( 9 ) .  T h e  c r i -
terion was exceeded i n  3  o f  1 0  samples f o r  dissolved aluminum, w i t h
a maximum o f  0 .17  mg/L on May 4 ,  1983.  S i x  o f  11 samples f o r  t o t a l
aluminum exceeded t h i s  c r i t e r i o n ,  w i t h  a  maximum o f  3 . 0 6  mg/L o n
June 1 ,  1983.

( i i )  Copper, a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 0 2  m g / L ( 2 0 ) .  T h i s  c r i -
terion was equal led  i n  2  o f  1 4  samples f o r  dissolved copper,  and
exceeded i n  1 0  o f  1 3  samples f o r  t o t a l  copper w i t h  a  maximum o f
0.011 mg/L on July 5 ,  1976.

( i i i ) I r o n ,  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  o f  0 . 3
mg/L(18) ,  a q u a t i c  l i f e  c r i t e r i o n  o f  1 . 0  m g / L ( 1 1 ) .  A l l
samples were l e s s  than  these two  c r i t e r i a  f o r  t h e  dissolved i r o n
fract ion.  T o t a l  i r o n  exceeded the  dr inking water standard i n  7  o f
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13 samples ,  a n d  exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  i n  3  o f  1 3
samples, w i t h  t h e  maximum concen t ra t i on  o f  3 . 5 3  mg/L o n  June 1 ,
1983.

( i v )  Lead,  a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 0 5  m g / L ( 1 9 ) .  T h i s  c r i t e r -
ion was equa l l ed  o r  exceeded o n l y  i n f r e q u e n t l y ;  1  o f  14  samples f o r
d issolved l e a d ,  2  o f  1 3  samples f o r  t o t a l  l e a d ,  b o t h  d i s s o l v e d  and
t o t a l  l e a d  w i t h  t h e  same maximum c o n c e n t r a t i o n  o f  0 . 0 0 7  mg/L o n
January 10 ,  1984.

(v)  Manganese,  B r i t i s h  C o l u m b i a  d r i n k i n g  w a t e r  s t a n d a r d  o f  0 . 0 5
m g / L ( 1 8 ) ,  a q u a t i c  l i f e  c r i t e r i a  o f  0 . 1 - 1 . 0  m g / L ( 1 1 )

Dissolved manganese was  u n d e t e c t a b l e  i n  a l l  samp les  ( < 0 . 2  mg /L ;
n-14).  T o t a l  manganese exceeded t h e  d r i n k i n g  w a t e r  s t anda rd  i n  3
of  1 3  samples,  a n d  exceeded t h e  l o w e r  l i m i t  o f  t h e  a q u a t i c  l i f e
c r i t e r i a  o n  o n e  o c c a s i o n  w i t h  a  c o n c e n t r a t i o n  o f  0 . 1 5  m g / L o n
June 1 ,  1983.

Pr)
( v i )  To t a l  z i n c  e q u a l l e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 5  m g / L ) ( 2 3 )

i n  1 o f  17 samples, o n  November 14 ,  1983 .  A l l  r e s u l t s  f o r  d i s s o l v -
ed z i n c  were below t h e  c r i t e r i o n  (n=14 ) .

Other c h a r a c t e r i s t i c s  sampled w e r e  w i t h i n  c r i t e r i a  f o r  a l l  w a t e r
uses o f  t h e  Mor ice and B u l k l e y  R i v e r s .

5.3 BULKLEY RIVER AT QUICK, SITE 0920088

Sampling has occur red  r e g u l a r l y  a t  t h i s  s i t e  s i nce  1966. I t  i s  t h e

most i n t e n s i v e l y  sampled s i t e  o n  t h e  B u l k l e y  R i v e r  ( n S 9 9 ) .  T h e  a v a i l -
able d a t a  a re  summarized i n  Tab le  2 1 .

Bulkley R i v e r  w a t e r  a t  Q u i c k  con t i nued  t o  b e  s o f t ,  w i t h  hardness
ranging f r o m  1 8 . 7  t o  4 6 . 9  mg/L ( n - 9 5 ) .  T h e r e  was o n e  anomalously l o w
concentrat ion o f  4 . 2  mg/L o n  March 22 ,  1973.  A l l  v a l u e s  were l e s s  t h a n
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the 8 0 - 1 0 0  mg/L range  considered acceptable f o r  d r i n k i n g  w a t e r ( 1 8 ) ,
but t h e  water  i s  s t i l l  s u i t a b l e  f o r  t h i s  use .  A l k a l i n i t y  ranged from
3.3 t o  4 7 . 6  mg/L ( n - 9 9 ) ,  b u t  was usua l ly  w i t h i n  t h e  aquat ic  l i f e  c r i -
t e r i o n  ( > 2 0  m g / L ) ( 8 )  a n d  t h e  i r r i g a t i o n  c r i t e r i o n  ( < 6 0 0

mg/L)(8). T u r b i d i t y  ranged f r a n  0 . 1  t o  8 5  NTU ( n - 9 6 ) ,  c o n s i s t e n t l y
exceeding t h e  maximum a c c e p t a b l e  d r i n k i n g  w a t e r  s t a n d a r d  ( 5
NTU)(18) d u r i n g  t h e  A p r i l  t o  J u n e  f r e s h e t  p e r i o d ,  i n d i c a t i n g  t h a t
treatment t o  remove t u r b i d i t y  p r i o r  t o  d r i n k i n g  would b e  necessary
during f reshet .  S i m i l a r l y ,  t h e  highest  l e v e l s  o f  suspended so l ids  were
during f reshet :  1 4 1  mg/L o n  A p r i l  2 7 ,  1971;  and  178  mg/L o n  June 1 8 ,
1976. T h e  remaining suspended s o l i d s  d a t a  ranged f r a n  1 9  t o  5 7  mg/L,
l e v e l s  w h i c h  p r o v i d e  g o o d  t o  m o d e r a t e  p r o t e c t i o n  f o r  a q u a t i c
l i f e ( 2 9 ) .

Nitrogen and phosphorus were a t  low l e v e l s .  T h e r e  i s  no evidence
in the data tha t  upstream nut r ien t  sources (such as t h e  sewage treatment
plant discharge a t  Houston) a r e  compromising water use ,  probably due t o
the high d i lu t ion  i n  the  Bulkley River a t  t h i s  p o i n t .

Levels o f  some metals were r e l a t i v e l y  h igh  o n  occasion, w i t h  t h e
potential f o r  c o n f l i c t  w i t h  some w a t e r  u s e s .  C o p p e r  exceeded t h e
aquatic l i f e  c r i t e r i o n  ( 0 . 0 0 2  mg/L) (20)  i n  8  o f  2 7  samples f o r  t h e
dissolved f rac t ion  (maximum measured concentration o f  0 .012  mg/L) and i n
8 o f  22  samples f o r  t o t a l  copper (maximum a lso  o f  0 .012  mg/L).  A l t h o u g h
copper l e v e l s  were h igh on  some dates i n  t h e  Upper Bulk ley R i v e r,  none
of these dates correspond t o  high copper l e v e l s  a t  Quick.  D i l u t i o n  o f
Upper Bulkley River water w i th  the much higher f lows o f  the  Morice River
would reduce copper l e v e l s  t o  those below t h e  a q u a t i c  u s e  c r i t e r i o n
(0.002 mg/L) a t  Quick.  T h e  Morice R i v e r,  however, cou ld  be i d e n t i f i e d
as t h e  source o f  a t  l e a s t  p a r t  o f  t h e  copper i n  water samples a t  Quick
on May 4 ,  June 1 ,  a n d  October 6 ,  1983.  L e v e l s  o f  copper i n  the  Morice
River were  s i m i l a r  t o  those  i n  t h e  Upper B u l k l e y  a n d  bo th  a t  t i m e s
exceeded the c r i t e r i o n .
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Dissolved i r o n  approached t h e  maximum a l l o w e d  b y  t h e  B r i t i s h
Columbia d r i n k i n g  w a t e r  s tandards  ( 0 . 3  m g / L ) ( 1 8 )  a n d  a q u a t i c  l i f e
c r i t e r i a  ( 0 . 3 - 1 . 0  m g / L ) ( 8 , 11 )  o n l y  o n c e  (maximum o f  0 . 2 2  mg/L o n
May 4 ,  1 9 8 3 ) .  T o t a l  i r o n  exceeded t h e  dr ink ing  water standard and the
lower aquat ic  l i f e  c r i t e r i o n  i n  6  o f  17  samples (maximum o f  3 .42  mg/L),

rm a l l  dur ing  f reshe t  when t h e  ma jo r i t y  o f  i r o n  would be  due t o  t h e  i r o n
content o f  t h e  suspended s o l i d s ,  a n d  t h u s  b e  o f  n o  s ign i f i cance  t o
drinking water o r  aquat ic  l i f e .

r

r

P

P

The m a j o r i t y  o f  samples h a d  undetectable l e v e l s  f o r  l e a d .  T h e
fresh wate r  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 5  mg/L) (19)  w a s  equa l led  o r
exceeded i n  only four  samples: June 8 ,  1972 (0 .01  mg/L dissolved lead) ;
March 2 2 ,  1 9 7 3  ( 0 . 0 0 9  mg/L t o t a l  l e a d ) ;  October  8 ,  1 9 7 5  ( 0 . 0 0 8  mg/L
total  l e a d ) ;  and  June 2 8 ,  1983 ( 0 . 0 0 5  mg/L t o t a l  l e a d ) .  T h e r e  are  lead
data both  from t h e  Morice R i v e r  (maximum concentrat ion o f  0 . 0 0 5  mg/L)
and Upper Bulkley River  ( 0 . 0 0 7  mg/L maximum) which were very  s i m i l a r  t o
the concentrations found a t  Quick.

Cadmium was undetectable f o r  both the  dissolved and t o t a l  f rac t ions
in a l l  samples except  i n  t h e  sample t a k e n  June 2 8 ,  1 9 8 3 ,  f o r  which
levels were 0.0018 mg/L and 0 .012 mg/L, r e s p e c t i v e l y.  T h e  concentration
of t o t a l  cadmium o n  t h a t  d a t e  exceeded t h e  B r i t i s h  Columbia d r ink ing
water s tandard  ( 0 . 0 0 5  m g / L ) ( 1 8 ) ,  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 0 2
mg/L) (21 )
mg/L)(21).

and t h e  r e c r e a t i o n  a n d  i r r i g a t i o n  c r i t e r i o n  ( 0 . 0 1 0
This anomalously h i g h  concentrat ion corresponded w i t h  a

high l e a d  concentration ( 0 . 0 0 5  mg/L) o n  t h e  same d a t e ,  al though l e v e l s
of suspended sol ids were low ( 9  mg/L).

Dissolved aluminum l e v e l s  exceeded the aquat ic  l i f e  c r i t e r i o n  ( 0 . 0 5
mg/L)(29)  a n d  t h e  p r i m a r y - c o n t a c t  r e c r e a t i o n  c r i t e r i o n  ( 0 . 1
mg/L)(29) i n  2  o f  1 1  samples:  l e v e l s  w e r e  0 . 1 1  m g / L  o n  J u l y  2 4 ,
1967, a n d  0 . 2 6  mg/L o n  May 4 ,  1 9 8 3 .  T o t a l  aluminum exceeded t h i s
cr i ter ion i n  4  o f  9  samples (maximum o f  2 . 9  m g / L ) ,  m a i n l y  d u r i n g
freshet.
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Total c o b a l t  exceeded t h e  a q u a t i c  l i f e  a n d  i r r i g a t i o n  c r i t e r i a

(0.050 mg/L) (29)  i n  o n e  sample,  w i t h  a  concentrat ion o f  0 . 1 5  mg/L
on December 5 ,  1983.  D e t e c t i o n  l i m i t s  were too  high ( 0 . 1  mg/L) f o r  the
six other samples taken i n  1983, and consequently may have masked other
results exceeding these c r i t e r i a .  T h e  minimum detectable concentration
for c o b a l t  analyses should b e  0 . 0 0 5  mg/L s o  a s  t o  be  consistent  w i t h
these c r i t e r i a .

Total manganese exceeded the  B r i t i s h  Columbia dr inking water s t a n -
dard ( 0 . 0 5  mg/L ) (18 )  i n  5  o f  3 7  samples,  w i t h  a  maximum o f  0 . 1 5
mg/L o n  A p r i l  2 5 ,  1 9 8 3 .  T h e  lower l i m i t  o f  t h e  aquat ic  l i f e  c r i t e r i a
(0 .1-1 .0  mg/L) (11)  w a s  a l s o  exceeded i n  3  o f  3 5  samples,  w i t h  t h e
same maximum as  above. A l l  these samples were during f reshet  when t h e
manganese content o f  t h e  suspended sediments could have been high.

Total n i c k e l  exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  s o f t  water
(0.025 mg/L) (22)  i n  o n l y  1  o f  4  samples,  w i t h  a  concentrat ion o f
0.06 mg/L on  December 5 ,  1983 .  H i g h  detect ion l i m i t s  i n  the  remaining
seven samples i n  1983  may have masked o t h e r  r e s u l t s  exceeding t h i s
cr i ter ion .  T h e  minimum detec tab le  concentrat ion f o r  n i c k e l  analyses
should be changed t o  0 .010  mg/L t o  be consistent  w i t h  the  aquat ic  l i f e
cr i ter ion.

Tota l  z i n c  e x c e e d e d  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 5 0
mg/L) (23) i n  1  o f  2 8  samples, w i t h  a  l e v e l  o f  0 . 1 3  mg/L o n  March

22, 1973.

Analyses were a l s o  made f o r  polychlorinated biphenyls and several
pesticides i n  1974 ( o n e  o r  t w o  samples, depending o n  t h e  charac te r -
i s t i c ) .  A l l  r esu l ts  were below l i m i t s  o f  detect ion,  and therefore  were
not included i n  Table 21 .

All  o ther  character is t ics  measured a t  Quick met c r i t e r i a  f o r  known
uses o f  the  Bulkley R iver.
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5.4 TELKWA RIVER, SITE 0400187

The Te lkwa R i v e r  f l o w s  i n t o  t h e  B u l k l e y  R i v e r  a t  Te lkwa .  T h e
drainage a r e a  o f  t h e  Telkwa River  a t  t h e  mouth i s  1  2 1 0  km2, o r  13% o f
the drainage a r e a  o f  t h e  Bulk ley  River  a t  Smithers.  Comparison o f  low
flows from Table 1 shows the  Telkwa River t o  be about 22% o f  t h e  Bulkley
River a t  Quick.

The ava i lab le  water q u a l i t y  data  f o r  t h e  Telkwa River  a t  t h e  mouth
at s i t e  0400187 ( s e e  F igure  6 )  a r e  summarized i n  Table  22 .  T h e s e  da ta
show Telkwa River water t o  be s o f t ,  ranging from 2 0 . 6  t o  63 .2  mg/L hard-
ness, which i s  s i m i l a r  t o  Bu lk ley  R i v e r  w a t e r ,  a n d  consequently l e s s
than t h e  8 0 - 1 0 0  m g / L  c o n s i d e r e d  a c c e p t a b l e  f o r  d o m e s t i c  p u r -
poses(18). T h e  a l k a l i n i t y  i s  h i g h e r,  however,  r a n g i n g  f rom 2 2 . 1  t o
64.5 mg/L a n d  consequently s u i t a b l e  f o r  a q u a t i c  l i f e  ( > 2 0  mg/L c r i -
t e r ion ) (8 ) .  T u r b i d i t y  ranged  f r o m  1 . 1  t o  1 8 0  NTU w i t h  t h e  h i g h
levels occurr ing  d u r i n g  f r e s h e t .  S o m e  t u r b i d i t y  would  have  t o  b e
removed t o  meet t h e  maximum acceptable B r i t i s h  Columbia dr ink ing  water
standard ( 5  NTU) (18) .  S u s p e n d e d  s o l i d s  ranged f rom 1  t o  4 2 4  mg/L,
the maximum value corresponding wi th  the  highest t u r b i d i t y  o f  180 NTU on
June 2 ,  1 9 7 5 ,  d u r i n g  f r e s h e t .  C o l o r  f r e q u e n t l y  exceeded t h e  B r i t i s h
Columbia d r i n k i n g  w a t e r  s t a n d a r d  ( 1 5  TCU)(18)  d u r i n g  f r e s h e t ,  w i t h
the maximum o f  60 TCU occurring June 2 ,  1975 .

Nitrogen and phosphorus concentrations a t  s i t e  0400187 were l o w,
generally n o t  d e t e c t a b l e .  T h e  l e v e l s  o f  some m e t a l s ,  however,  w e r e
r e l a t i v e l y  h i g h .  L e v e l s  o f  d isso lved  copper e q u a l l e d  o r  marg ina l ly
exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 . 0 0 2  m g / L )  (20) i n  4  o f  1 3
samples, w i t h  a  maximum o f  0 . 0 0 3  mg/L o n  May 4  a n d  October 6 ,  1 9 8 3 .
Total copper l e v e l s  were h igher,  w i t h  6  o f  1 4  values exceeding the c r i -
ter ion,  and a  maximum o f  0 . 0 2  mg/L. S i m i l a r  l e v e l s  o f  copper i n  excess
of t h e  a q u a t i c  l i f e  c r i t e r i o n  occurred elsewhere i n  t h e  Bu lk ley  a n d
Morice R i v e r s ,  a n d  a s  mentioned p r e v i o u s l y,  a r e  found f requent ly  i n
Br i t ish  Columbia due t o  widespread copper minera l izat ion.
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Aluminum f r e q u e n t l y  exceeded  a q u a t i c  l i f e  c r i t e r i a  ( 0 . 0 5 0 -
0.1 m g / L ) ( 3 0 )  f o r  t h e  d i s s o l v e d  f r a c t i o n  ( 0 . 2 2  m g / L  maximum o n
May 4 ,  1 9 8 3 )  a s  w e l l  a s  t o t a l  aluminum ( 5 . 4  mg/L maximum o n  June 1 ,
1983). T h e  h i g h e s t  concentrat ions o f  t o t a l  aluminum w e r e  d u r i n g
freshet,  apparent ly  due t o  t h e  aluminum content o f  t h e  suspended s e d i -
ments ( t h e  maximum suspended s o l i d s  o f  424  mg/L was o n  June 2 ,  1 9 7 5 ) .
The p r i m a r y -contact r e c r e a t i o n  c r i t e r i o n  o f  0 . 1  m g / L ( 7 6 )  w a s  a l s o
exceeded on several  occasions.

Total chromium e q u a l l e d  t h e  l o w e r  l i m i t  o f  t h e  a q u a t i c  l i f e
c r i t e r i a  ( 0 .020 -0 .040  mg/L) (24)  i n  1  o f  1 4  samples; t h a t  sample was
taken November 14,  1983 .

Cobalt exceeded the  aquat ic  l i f e  as w e l l  a s  t h e  i r r i g a t i o n  c r i t e r -
ion ( b o t h  0 . 0 5 0  mg/L) (29)  i n  1  o f  11  samples w i t h  a  l e v e l  o f  0 . 1 3
mg/L t o t a l  coba l t  on November 1 4 ,  1983.  T h e  minimum detectable concen-
trat ion o f  0 . 1  mg/L i s  t o o  h igh ,  and could be masking other  occasions
when t h e  c r i t e r i o n  i s  exceeded. I t  has been suggested e a r l i e r  i n  t h i s
report t h a t  t h e  minimum detectable  concentration should b e  reduced t o
0.005 mg/L t o  be consistent w i th  these c r i t e r i a .

One o f  1 3  dissolved i r o n  values ( 0 . 9 4  mg/L) exceeded t h e  dr ink ing
water a n d  a q u a t i c  l i f e  c r i t e r i a  o f  0 . 3  mg/L(8 ,11,18)  d u r i n g  f r e s h e t

on June 2 8 ,  1 9 8 3 .  T o t a l  i r o n  values were  much h igher  w i t h  9  o f  1 4
exceeding these c r i t e r i a ,  a n d  a  maximum o f  1 8 . 4  mg/L recorded dur ing
freshet o n  June 2 ,  1 9 7 5 .  P a i r e d  dissolved i r o n ,  t o t a l  i r o n ,  and  sus-
pended s o l i d s  o r  t u r b i d i t y  va lues  show t h a t  w i t h  t h e  o n e  except ion
mentioned above, t h e  i r o n  i s  present mainly i n  the  par t i cu la te  form, and
is associated w i t h  e leva ted  l e v e l s  o f  suspended sediment.  T h e  i r o n
bound i n  sediment p a r t i c l e s  i s  n o t  s i g n i f i c a n t  t o  d r ink ing  wate r  o r
aquatic l i f e .

Lead l e v e l s  exceeded t h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  s o f t  w a t e r
(0.005 mg/L) (19)  i n  1  o f  1 4  samples,  w i t h  a  l e v e l  o f  0 . 0 0 6  mg/L
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t o t a l  l e a d  o n  June  1 ,  1 9 8 3 .  T h i s  h i g h  l e v e l  was a s s o c i a t e d  w i t h  h i g h
suspended s o l i d s  o n  t h a t  d a t e .

To ta l  manganese exceeded t h e  B r i t i s h  Columbia d r i n k i n g  water  s t a n -

dard ( 0 . 0 5 0  mg/L ) (18)  i n  4  o f  1 3  samples w i t h  a  maximum o f  0 . 5  mg/L
on June 2 ,  1975 .  T h e s e  h i g h  l e v e l s  were assoc ia ted  w i t h  h i g h  l e v e l s  o f
suspended s o l i d s  d u r i n g  those  f o u r  days d u r i n g  f r e s h e t .

Molybdenum e q u a l l e d  t h e  con t i nuous  u s e  i r r i g a t i o n  c r i t e r i o n  ( 0 .01
mg/L)(29) i n  t w o  samples  d u r i n g  t h e  i r r i g a t i o n  season ,  a n d  exceeded
the c r i t e r i o n  i n  1 o f  1 2  samples,  w i t h  a  l e v e l  o f  0 . 0 3  mg/L o n  November
14, 1983 ,  d u r i n g  t h e  non- i r r i g a t i o n  season.

r

A l l  t h e  r e c e n t  s a m p l e  a n a l y s e s  f o r  n i c k e l  u s e d  a n  0 . 0 5  m g / L
detec t ion  l i m i t .  T h e  a q u a t i c  l i f e  c r i t e r i o n  f o r  n i c k e l ,  however,  i s
0.025 m g / L ( 2 6 )  A s  s u g g e s t e d  p r e v i o u s l y  i n  t h i s  r e p o r t ,  t h e
detect ion l i m i t  shou ld  b e  changed t o  0 . 0 1 0  mg/L t o  b e  c o n s i s t e n t  w i t h
the a q u a t i c  l i f e  c r i t e r i o n .

A l l  o t h e r  c h a r a c t e r i s t i c s  measured w e r e  b e l o w  c r i t e r i a  f o r  a l l
known uses o f  t h e  Telkwa and B u l k l e y  R i ve r s .

5.5 BULKLEY RIVER AT SMITHERS

There a r e  f o u r  w a t e r  q u a l i t y  s i t e s  n e a r  S m i t h e r s .  T h e s e  i n c l u d e :
s i t e  0400204, a b o u t  8  km upstream f r o m  t h e  sewage t r e a t m e n t  p l a n t  d i s -
charge (PE 373 ) ;  s i t e  0400434, t h e  c o n t r o l  s i t e  j u s t  upstream f r om  t h e
discharge; s i t e  0400435, 1 0 0  m downstream; a n d  s i t e  0400436, 1 . 2  km
downstream ( s e e  F i g u r e  6 ) .  T h e  h i s t o r i c a l  d a t a  f o r  ups t ream s i t e
0400204 (1966-1976;  n=23)  a r e  summarized i n  Ta b l e  2 3 .  T h e  few  h i s t o r -
i c a l  d a t a  f r o m  t h e  t h r e e  s i t e s  0400434, 0400435,  a n d  0400436, u s e d  t o
monitor t h e  o l d  sewage t r ea tmen t  p l a n t ,  a r e  summarized i n  Ta b l e  24 .  T w o
of t h e s e  s i t e s ,  0400434 and  0400435, w e r e  sampled d u r i n g  1983 and  1984
to  moni tor  t h e  performance o f  t h e  new t rea tmen t  f a c i l i t y ;  t h e s e  d a t a  a r e

summarized i n  Tab le  25 .
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H i s t o r i c a l  d a t a  f r o m  t h e s e  f o u r  s i t e s  a r e  s i m i l a r  t o  t h o s e  f r o m
upstream s i t e s ,  showing B u l k l e y  R i v e r  wa te r  t o  b e  s o f t  ( < 5 0  mg/L h a r d -
ness; except  81 .1  mg/L on March 20 ,  1974 a t  s i t e  0400204), low i n  a lka -
l i n i t y  ( < 4 0  mg/L;  e x c e p t  8 2  mg/L o n  March 2 0 ,  1 9 7 4 ,  a l s o  a t  s i t e
0400204), a n d  w i t h  t u r b i d i t y  exceeding t h e  maximum acceptable dr ink ing
water s t a n d a r d  ( 5  N r U ) ( 1 8 )  d u r i n g  f r e s h e t ,  i n d i c a t i n g  t h a t  t u r b i d -
i t y  removal p r i o r  t o  d r i n k i n g  would be  necessary d u r i n g  f r e s h e t .  C o l o r
continued t o  exceed  t h e  d r i n k i n g  w a t e r  s t a n d a r d  ( 1 5  TCU)(18)  d u r i n g
f reshet  a t  a l l  f o u r  s i t e s .

Several c h a r a c t e r i s t i c s  a r e  noteworthy a t  s i t e  0400204 ( Ta b l e  2 3 ) ,
the s i t e  most i n t e n s i v e l y  sampled o f  t h e  f o u r .  T h e s e  i n c l u d e :

(1) Suspended s o l i d s ,  wh ich  were ve ry  h i g h  d u r i n g  f r e s h e t ,  w i t h  a  max i -
mum o f  327  mg/L o n  J u n e  2 ,  1 9 7 5 .  T u r b i d i t y  was co r respond ing l y
higher t h a n  t h e  5  N T U  maximum a c c e p t a b l e  d r i n k i n g  w a t e r
standard(18), i n d i c a t i n g  t h a t  s o m e  o f  t h e  suspended s o l i d s /
t u r b i d i t y  would have t o  be removed be fo re  d r i n k i n g  t o  meet M i n i s t r y
of  Hea l th  g u i d e l i n e s .

( i i )  Copper,  wh i ch  f r e q u e n t l y  equa l l ed  o r  exceeded t h e  a q u a t i c  l i f e  and
w i l d l i f e  c r i t e r i a  ( 0 . 0 0 2  m g / L ) ( 2 0 ) ,  a s  d i d  t h e  t h r e e  o t h e r
downstream s i t e s :  t h e  maximum concen t ra t i on  o f  d i s s o l v e d  copper was
at s i t e  0400204, w i t h  a  concen t ra t i on  o f  0 .004 mg/L o n  November 25 ,
1971.

( i i i ) I r o n ,  w i t h  concentrations exceeding t h e  B r i t i s h  Columbia dr ink ing
w a t e r  s t a n d a r d  a n d  t h e  a q u a t i c  l i f e  c r i t e r i o n
(0.3 mg/L) (18 ,77)  i n  3  o f  5  samples f o r  t o t a l  i r o n ,  w i t h  a
maximum o f  11 . 3  mg/L o n  June 2 ,  1975 .  T h e  m a j o r i t y  o f  t h e  i r o n
would have been due t o  t h e  i r o n  content o f  suspended sediment and
thus not  important.
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( i v )  Lead,  i n  e x c e s s  o f  t h e  a q u a t i c  l i f e  c r i t e r i o n  ( 0 .005mg /L ) (19 ) ,
was f o u n d  i n  1  o f  8  samples;  0 . 0 1 7  mg/L d i s s o l v e d  l e a d  o n  August
17, 1971.

(v )  Manganese, w h i c h  exceeded  t h e  B r i t i s h  Co lumb ia  d r i n k i n g  w a t e r
standard ( 0 . 0 5  m g / L )  (18) a n d  t h e  l o w e r  l i m i t  o f  t h e  a q u a t i c
l i f e  c r i t e r i a  ( 0 . 1 - 1 . 0  m g / L )  (11) i n  2  o f  5  samp les  f o r  t o t a l
manganese, w i t h  a  maximum o f  0 .34  mg/L o n  June 2 ,  1975 .  T h e s e  h i g h
l eve l s  may n o t  b e  i m p o r t a n t  d u e  t o  t h e i r  a s s o c i a t i o n  w i t h  h i g h
leve l s  o f  suspended sediment d u r i n g  f r e s h e t .

The new sewage t r e a t m e n t  p l a n t  a t  Smi thers  was des igned t o  r ep lace
the o l d  f a c i l i t y  because o f  i t s  poo r  per formance.  T h e r e  a r e  n o t  enough
rece iv ing  env i ronmen t  d a t a  t o  d e t e r m i n e  i f  t h e r e  w a s  e n v i r o n m e n t a l
degradation due t o  t h e  o l d  sewage t r e a t m e n t  p l a n t .  B i a n n u a l  c o n c u r r e n t
sampling a t  B u l k l e y  R i v e r  l o w  f l o w s  b y  Waste Management Branch a t  s i t e s
0400434 ( c o n t r o l )  and  0400435, t o g e t h e r  w i t h  t h e  sewage t r e a t m e n t  p l a n t
discharge, s h o u l d  p r o v i d e  t h e  d a t a  r e q u i r e d  t o  e v a l u a t e  t h e  n e w

f a c i l i t y .

Analys is  o f  t h e  f i r s t  s a m p l e  t a k e n  November 3 0 ,  1 9 8 3 ,  ( s e e  Ta b l e
25) showed a n  e l e v a t i o n  i n  t o t a l  ammonia a t  t h e  e n d  o f  t h e  i n i t i a l
d i l u t i o n  zone  ( s i t e  0400435) ,  b u t  o n l y  a l o n g  t h e  l e f t  bank (Zone  1  i n
Table 2 5 ) .  T h e r e  were f o u r  sample p o i n t s  ac ross  t h e  w i d t h  o f  t h e  r i v e r
and t h e  l e f t  bank showed 0.038 mg/L compared w i t h  unde tec tab le  l e v e l s  a t
the c o n t r o l  s i t e  0400434. T h i s  l e v e l  o f  t o t a l  ammonia rep resen ts  a n
un- ionized ammonia l e v e l  o f  <0.001 mg/L wh ich  i s  w i t h i n  t h e  a q u a t i c  l i f e
c r i t e r i a  f o r  u n - i o n i z e d  N H , -N o f  0 . 0 0 7 - 0 . 0 3 0  m g / L ( 2 7 ) .  K j e l d a h l - N
and t o t a l  phosphorus w e r e  a l s o  s l i g h t l y  e l e v a t e d  o n  t h e  l e f t  bank  a t
upstream s i t e  0400434, a l t h o u g h  l e v e l s  we re  s t i l l  l o w .  O n  A p r i l  11 ,
1984, l e v e l s  o f  t o t a l  phosphorus and suspended s o l i d s  were  grea ter  a t
s i t e  0400435 than  a t  upstream c o n t r o l  s i t e  0400434, b u t  a g a i n  o n l y  a long
the l e f t  bank .  F r o m  t h e s e  l i m i t e d  d a t a  (n=2)  i t  wou ld  appear t h a t  t h e
sewage d ischarge i s  n o t  a lways comp le te l y  mixed a t  t h e  end  o f  t h e  100 m
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i n i t i a l  d i l u t i o n  zone ( s i t e  0400436). A p p a r e n t l y  there  i s  strong mixing
at the  r i v e r  shallows about 50 m below s i t e  0400435, s o  tha t  no s i g n i f i -
cant elevat ions would be expected i n  the  character ist ics  measured beyond

about 150  m downstream from t h e  discharge. T h e s e  small  increases would
be as predicted i n  section 4 . 3 ,  w i t h  no water use conf l i c ts  expected.

Although t o t a l  col i forms were elevated a t  Zone 1 o f  s i t e  0400435 on
November 3 0 ,  1983  ( 2 3 0  MPN/100 mL compared t o  9  MPN/100 mL a t  upstream
si te  0400434) ,  t h e r e  was n o  s i g n i f i c a n t  e l e v a t i o n  i n  f e c a l  co l i forms
downstream from t h e  sewage discharge e i t h e r  o n  t h a t  d a t e  o r  A p r i l  11 ,
1984 ( s e e  Tab le  2 5 ) .  T h i s  i s  i n  agreement w i t h  sect ion  4 . 3  t h a t  p r e -
dicted min ima l  i n c r e a s e s  i n  f e c a l  c o l i f o r m s  downstream f r o m  t h e
discharge (2 -3 /100  mL). L e v e l s  o f  f e c a l  col i forms a t  both s i t es  0400434
and 0400435 w e r e  w i t h i n  g u i d e l i n e s  f o r  p r i m a r y -contact r e c r e a t i o n
(200-400 feca l  col i forms/100 mL)(55) on  the dates sampled.

5.6 BULKLEY RIVER WATER QUALITY, POST KEMANO-COMPLETION

The proposed Kemano-Completion P r o j e c t ,  w i t h  t h e  damming o f  t h e
Nanika R iver  and consequent reduct ion i n  Bulkley R iver  f lows ,  w i l l  n o t
s igni f icant ly  change water  q u a l i t y  i n  t h e  Bulk ley  R i v e r.  M o s t  o f  t h e
water s tored behind t h e  Nanika dam would be withdrawn from peak stream-
flow i n  l a t e  spr ing and e a r l y  summer ( s e e  Figure 2 ) .  Remain ing  f lows
and subsequent d i l u t i o n  o f  downstream e f f l u e n t s  a t  t h a t  t i m e  o f  y e a r
w i l l  s t i l l  b e  h i g h .  T h e  main impact o f  e f f l u e n t s  o n  water q u a l i t y  i s
usually expected a t  l o w  r i v e r  f l o w s  when t h e  r e s u l t i n g  d i l u t i o n  i s
lowest .  T h e  minimum m o n t h l y  p o s t  Kemano-Completion d a t a  f r o m
Alcan(2) p r e d i c t  t h a t  t h e  q u a n t i t y  o f  w a t e r  r e l e a s e d  a t  t h e  Nanika
dam w i l l  b e  s l i g h t l y  h igher  t h a n  normal dur ing  t h e  per iod o f  low f l o w
(February t o  A p r i l ) .  T h i s  would r e s u l t  i n  s l i g h t l y  higher d i l u t i o n  o f
effluents t h a n  under  unregulated f l o w  c o n d i t i o n s .  F o r  example, t h e
predicted d i l u t i o n  o f  t h e  t r e a t e d  sewage f rom t h e  p l a n t  a t  Smithers,
using the  predicted minimum mean monthly post  Kemano-Completion Bulkley
River f l o w  ( 1 3 . 9  m s / s ) ( 2 ) ,  i s  between 111 :1  a n d  286:1 (depending o n
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the f l o w  o f  t r e a t e d  sewage d ischarged ;  s e e  Ta b l e  7 ) .  T h e  n a t u r a l  mean
monthly l o w  f l o w  i s  1 2 . 1  m 2 / 8 ( 2 ) ,  w h i c h  r e s u l t s  i n  a  l e s s e r  d i l u -
t i o n  o f  be tween  9 7 : 1  a n d  2 4 9 : 1 ,  u n d e r  t h e  same e f f l u e n t  d i s c h a r g e
cond i t ions .

I t  i s  d i f f i c u l t  t o  p r e d i c t  t h e  e f f e c t  o f  reduced peak f l o w s  ( l a t e
spr ing  t o  e a r l y  summer) i n  t h e  Mor ice  R i v e r  o n  downstream B u l k l e y  R i v e r
water q u a l i t y .  W h e r e a s  t h e  M o r i c e  R i v e r  c o n t r i b u t e s  a b o u t  70% o f  t h e
t o t a l  d ra inage  a r e a  above t h e  con f l uence  w i t h  t h e  Upper  B u l k l e y  R i v e r
(6 010  km2 t o t a l ) ,  i t  c o n t r i b u t e s  a b o u t  92% t o  t h e  t o t a l  B u l k l e y  R i v e r
f low b e l o w  t h e  con f l uence  u n d e r  n a t u r a l  c o n d i t i o n s  ( n a t u r a l  mean June
f low o f  t h e  Mor ice R i v e r  a t  t h e  mouth + t h e  t o t a l  f l o w  i n c l u d i n g  t h a t  o f
the U p p e r  B u l k l e y  R i v e r  m e a n  f l o w  x  1 0 0 ;  o r  3 2 9 . 3  m 3 / 8 ( 2 ) / 3 2 9 . 3
m3/8 +  2 8 . 1  m 3 / 8 ( 6 )  x  1 0 0 ) .  T h i s  c o n t r i b u t i o n  i s  r educed  t o  a b o u t
90% o f  t h e  t o t a l  f l o w  downst ream f r o m  t h e  c o n f l u e n c e  w i t h  t h e  Upper
Bulk ley  R i v e r  f o l l o w i n g  Kemano-Completion ( p r e d i c t e d  mean June f l o w  o f
the M o r i c e  R i v e r  a t  t h e  mou th  +  t h e  t o t a l  f l o w  i n c l u d i n g  t h e  Upper
Bulk ley  R i v e r  n a t u r a l  mean J u n e  f l o w  x  1 0 0 ;  o r  2 5 3 . 2  e / s ( 2 ) / 2 5 3 . 2
m3/8 + 28.1  m3/8 x  100 ) .  B e c a u s e  t h e  wa te r  q u a l i t y  o f  t h e  t w o  r i v e r s  i s
s i m i l a r  ( g e n e r a l l y  n u t r i e n t  p o o r ,  b u t  w i t h  some me ta l s  exceeding wa te r
q u a l i t y  c r i t e r i a ,  p r i m a r i l y  d u r i n g  f r e s h e t  d u e  t o  t h e  h i g h  l e v e l s  o f
suspended s o l i d s ) ,  t h i s  s l i g h t  r e d u c t i o n  f rom 92% t o  90% i n  c o n t r i b u t i o n
of peak f l o w s  f r o m  t h e  Mor ice  R i v e r  i s  n o t  expected t o  lower  wa te r  q u a l -
i t y  downstream f rom t h e  con f luence  w i t h  t h e  Upper B u l k l e y  R i v e r.

I t  i s  l i k e l y  t h a t  t h e  c o n c e n t r a t i o n  o f  sane  meta ls  assoc ia ted  w i t h
high concent ra t ions  o f  suspended s o l i d s  d u r i n g  f r e s h e t  w i l l  be  inc reased
w i t h  t h e  f l o w  r e d u c t i o n s  proposed b y  A l c a n  a f t e r  t h e  Kemano-Completion

p r o j e c t .  A l t h o u g h  d a t a  f o r  suspended s o l i d s  a t  t h e  o u t l e t  o f  B u l k l e y
Lake ( s i t e  0400200) a r e  f e w  ( n - 2 ) ,  suspended s o l i d s  l o a d i n g s  t o  t h e
Morice a n d  B u l k l e y  R i v e r s  f r o m  t h e  l a k e  a r e  expec ted  t o  b e  l o w .  T h e
m a j o r i t y  o f  suspended s o l i d s  i n  t h e  Mor ice  R i v e r  j u s t  upstream f rom t h e
confluence w i t h  t h e  B u l k l e y  R i v e r  ( s i t e  0400203; maximum o f  1 0 5  mg/L
suspended s o l i d s  o n  J u n e  1 ,  1 9 8 3 )  i s  d u e  t o  i n f l o w i n g  t r i b u t a r i e s .
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Reduced f l o w s  f r o m  Mor ice  Lake would p rov ide  l e s s  d i l u t i o n  o f  i n f l o w i n g
t r i b u t a r y  water ;  t h u s  Kemano-Completion cou ld  inc rease  t h e  concen t ra t i on
of heavy meta ls  i n  t h e  Mor ice  and B u l k l e y  R i v e r s ,  some o f  which a l r eady
tend t o  exceed use c r i t e r i a  d u r i n g  f r e s h e t .

Temporar i ly  e l e v a t e d  mercury l e v e l s  a r e  expected i n  t h e  Mor ice  and
Bulkley R i v e r s  w i t h  Kemano-Completion, d u e  t o  t h e  f o r m a t i o n  o f  t h e  new
Nanika-Kidpr ice Reservo i r  i n  t h e  headwaters.  A  dam w i l l  b e  cons t ruc ted
at t h e  o u t l e t  o f  K i d p r i c e  Lake ,  d i v e r t i n g  abou t  62% o f  t h e  mean annual
f low f r o m  t h e  Nanika R i v e r  t o  t h e  Nechako R e s e r v o i r,  w i t h  t h e  remain ing
38% r e l e a s e d  a t  t h e  dam(66 ) .  E l e v a t e d  mercu ry  l e v e l s ,  i n  p a r t i c u -
l a r  t h e  postimpoundment mercury l e v e l s  i n  p reda to ry  f i s h ,  a r e  expected,
and would appear t o  be  r e l a t e d  t o  t h e  s i z e  o f  t h e  i nc rease  i n  l a k e  a rea
(amount  o f  f l o o d i n g )  c o m p a r e d  t o  t h e  p r e i m p o u n d m e n t  l a k e
area(67,68).  M e r c u r y  l e v e l s  i n  r e s i d e n t  f i s h  a r e  e x p e c t e d  t o
increase i n  t h e  new r e s e r v o i r  w i t h i n  t w o  t o  t h r e e  y e a r s ,  i n  p a r t i c u l a r
i n  t h e  K i d p r i c e  b a s i n  where  t h e r e  w i l l  b e  a  209% i n c r e a s e  i n
area o f  t h e  f o r m e r  K i d p r i c e  L a k e ( 6 6 )  E n v i r o c o n ( 6 6 )

tha t  t h e  p o t e n t i a l  f o r  mercu ry  con tamina t ion  w i t h i n  t h e  new
Kidpr i ce )  r e s e r v o i r  w i l l  b e  inc reased  due t o  t h e  h i g h  mercury

surface
s t a t e d

(Nanika-
l eve l  i n

i t s  s o i l s  w h i c h  a r e  w i t h i n  t h e  N o r t h  A m e r i c a n  m e r c u r i f e r o u s  b e l t
(de ta i led  i n  S h e r b i n ( 7 0 ) ) .  E n v i r o c o n  p r e d i c t s  t h a t  f i s h i n g  i n  t h e
new r e s e r v o i r  w i l l  have t o  be  p r o h i b i t e d  u n t i l  mercury  l e v e l s  i n  s p o r t -
f i s h  a r e  b e l o w  t h e  l i m i t  f o r  human consumpt ion  ( 0 . 5  m g /  k g ) ( 6 9 ) .
The e f f e c t  o f  t h e s e  postimpoundment mercury  l e v e l s  o n  downstream w a t e r
q u a l i t y  o f  t h e  M o r i c e  a n d  B u l k l e y  R i v e r s  i s  unknown. D i l u t i o n  wou ld
reduce t h e  e f f e c t  o f  t h e  contaminant .  H o w e v e r,  d i l u t i o n s  w i l l  b e  about
5:1 a t  t h e  o u t l e t  o f  Mor i ce  Lake ,  9 : 1  a t  t h e  mouth ( j u n c t i o n  w i t h  t h e
Bulk ley R i v e r ) ,  and  11:1 a t  Qu ick ,  a l l  based on p r e d i c t e d  y e a r l y  average
f lows f r o m  A lcan w i t h  Kemano-Completion(2).

A temporary upsurge i n  t h e  l e v e l  o f  phosphorus i s  u s u a l l y  expected
i n  n e w  r e s e r v o i r s ( 7 2 )  , i n c l u d i n g  t h e  N a n i k a - K i d p r i c e  R e s e r v o i r
proposed w i t h  Kemano-Completion. T h e  i n c r e a s e  c a n  b e  a s  much a s  a n
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order o f  magnitude i n  t h e  f i r s t  t w o  o r  t h r e e  years fol lowed by dec l ine
to a  s tab i l i zed  t rophic  s t a t e .  I t  i s  due t o  d i r e c t  leaching as we l l  as
b i o l o g i c a l  r e l e a s e  f r o m  f l o o d e d  v e g e t a t i o n  a n d  s o i l s  ( 7 3 )

Although phytoplankton t y p i c a l l y  i n c r e a s e  t w o  t o  t h r e e f o l d ( 7 4 )  w i t h
the i n c r e a s e  o f  n u t r i e n t s ,  Envirocon(66)  p r e d i c t s  a n  o r d e r  o f  mag-
nitude inc rease  w i t h i n  t h e  f i r s t  t w o  y e a r s  f o l l o w e d  b y  d e c l i n e  t o
current l e v e l s  w i th in  f i v e  t o  s i x  years.  T h e  impact on downstream water
quality i s  not known, although the  d i lu t ions  discussed above would s imi -
l a r l y  reduce these impacts.

5.7 WATER QUALITY OBJECTIVES FOR THE BULKLEY RIVER

In general ,  water  i n  the  Bulkley and Morice Rivers was shown t o  be
sof t ,  l o w  i n  a l k a l i n i t y  a n d  n u t r i e n t s ,  a n d  w i t h  t u r b i d i t y  a n d  c o l o r
exceeding d r i n k i n g  w a t e r  s tandards  d u r i n g  f r e s h e t .  S e v e r a l  m e t a l s
equalled o r  exceeded aquatic use c r i t e r i a ,  usua l ly  during f reshet  ( A p r i l
to Ju ly )  when the  major i ty  o f  metal  would be bound t o  suspended so l ids .
These metals included aluminum, c o b a l t ,  cadmium, chromium, copper,  i r o n ,
manganese, n i c k e l ,  l e a d ,  a n d  z i n c .  T h e s e  r e s u l t s  suggest  t h a t  t h e
capacity o f  t h e  Bulk ley  and Morice R ivers  t o  accept  f u r t h e r  inputs  o f
metals from f u t u r e  developments may be l i m i t e d  during f reshet  unless i t
is shown t h a t  t h e  b inding o f  these  metals  t o  suspended so l ids  renders
them harmless t o  the  designated uses.

The proposed designated w a t e r  u s e s  f o r  t h e  B u l k l e y  a n d  Mor ice
Rivers inc lude aquat ic  l i f e  ( f i s h e r i e s )  a n d  w i l d l i f e ,  i r r i g a t i o n ,  l i v e -
stock water ing,  i n d u s t r i a l  u s e ,  and primary-contact recrea t ion  through-
out t h e  r i v e r s ,  f rom t h e  headwaters a t  Bulk ley  and Morice Lakes t o  the
junction wi th  the  Skeena River a t  Hazelton.

I r r iga t ion  i s  proposed as  a  designated use throughout t h e  Bulk ley
and Morice R ivers  t o  p r o t e c t  f u t u r e  opt ions .  A l t h o u g h  t h e r e  a r e  n o
i r r iga t ion  l i censes  between t h e  confluence w i t h  t h e  Morice R i v e r  a n d
Bulkley L a k e ,  t h e r e  i s  i n c r e a s i n g  demand f o r  i r r i g a t i o n  w a t e r  t o
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increase h a y  p r o d u c t i o n .  N e i t h e r  a r e  t h e r e  i r r i g a t i o n  l i c e n s e s  down-
stream f r o m  S m i t h e r s ,  a s  l i c e n s e d  u s e  o f  i n f l o w i n g  c r e e k s  i s  m o r e
p r a c t i c a l  t h a n  pumping w a t e r  u p h i l l  f r o m  t h e  B u l k l e y  R i v e r .  D r i n k i n g
water i s  a  proposed designated use f o r  c e r t a i n  reaches o f  t h e  Mor ice and
Bulk ley R i v e r s ,  i n c l u d i n g :  ( 1 )  Upper B u l k l e y  R i v e r  f r om  Buck Creek u p -
stream t o  B u l k l e y  L a k e ,  a n d  ( 2 )  t h e  M o r i c e  R i v e r  f r o m  t h e  o u t l e t  o f
Morice Lake,  p a s t  t h e  j u n c t i o n  w i t h  t h e  Upper B u l k l e y  R i v e r ,  downstream
to Smi thers .  E x c l u d e d  a re  two  reaches,  wh ich  a r e :  ( 1 )  t h e  B u l k l e y  R ive r
downstream f rom Buck Creek and t h e  Houston sewage d ischarge  t o  t h e  mouth
of t h e  Mor i ce  R i v e r .  A l t h o u g h  t h e r e  a r e  n o  domest ic  ( d r i n k i n g )  w a t e r
l icenses o n  t h i s  r e a c h ,  i n d u s t r i a l  l i c e n s e  CL55785 i s  used f o r  h a u l i n g
water t o  domest ic -use customers;  ( 2 )  t h e  B u l k e l y  R i v e r  downstream f r o m
the Smi thers  sewage d i scha rge  t o  t h e  Skeena R i v e r .  T h e r e  i s  p robab l y
some un l i censed  d r i n k i n g  wa te r  u s e  i n  t h i s  a r e a  b y  t h e  I n d i a n s  o n  t h e
reserves a t  Moricetown.

Prov is iona l  w a t e r  q u a l i t y  o b j e c t i v e s  a r e  proposed f o r  t h e  Mor i ce
and B u l k l e y  R i v e r s .  T h e  o b j e c t i v e s  a r e  based o n  M i n i s t r y  c r i t e r i a  a s
wel l  a s  p r e l i m i n a r y  work ing  c r i t e r i a  f o r  wa te r  q u a l i t y  and on  a v a i l a b l e
data o n  ambient  w a t e r  q u a l i t y ,  w a s t e  d i scha rges ,  w a t e r  uses  a n d  r i v e r
f lows .  T h e  o b j e c t i v e s  w i l l  r e m a i n  p r o v i s i o n a l  u n t i l  r e c e i v i n g  w a t e r
moni tor ing p r o g r a m s  p r o v i d e  a d e q u a t e  d a t a ,  a n d  t h e  M i n i s t r y  h a s
establ ished approved wa te r  q u a l i t y  c r i t e r i a  f o r  a l l  t h e  c h a r a c t e r i s t i c s
of concern.

The o b j e c t i v e s  can  be  cons idered as  p o l i c y  g u i d e l i n e s  f o r  resource
managers t o  p r o t e c t  w a t e r  u s e s  i n  t h e  s p e c i f i e d  w a t e r  b o d i e s .  F o r
example, t h e y  can be used t o  draw up  waste management pe rm i t s  and p l ans ,
regu la te  water  use o r  p l a n  f i s h e r i e s  management. T h e y  can  a l s o  p rov ide
a re fe rence  a g a i n s t  w h i c h  t h e  s t a t e  o f  w a t e r  q u a l i t y  i n  a  p a r t i c u l a r
water body can be checked.

Water q u a l i t y  o b j e c t i v e s  have  n o  l e g a l  s t a n d i n g  a n d  t h e i r  d i r e c t
enforcement would n o t  be  p r a c t i c a l .  T h i s  would be due t o  t h e  d i f f i c u l t y

f l
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of accurate ly  measuring contaminants i n  receiv ing water and a t t r i b u t i n g
the contamination exceeding t h e  o b j e c t i v e  t o  p a r t i c u l a r  sources f o r
legal purposes, and thus o f  proving v io la t ions  and t h e i r  causes. H e n c e ,
although water q u a l i t y  object ives should be used when determining e f f l u -
ent permit  l i m i t s ,  they  should not be incorporated as p a r t  o f  the  condi-
tions i n  a  waste management permit .

Depending o n  t h e  circumstances,  w a t e r  q u a l i t y  o b j e c t i v e s  m a y
already be met i n  a  water body, o r  may describe water  q u a l i t y  conditions
which can be met i n  the  f u t u r e .  T o  l i m i t  the  scope o f  t h e  work, o b j e c t -
ives a r e  o n l y  b e i n g  prepared f o r  waterbodies a n d  f o r  w a t e r  q u a l i t y
characteristics which may be a f fec ted  by man's a c t i v i t y ,  now and i n  the
foreseeable fu ture .

Characteristics o f  Concern:

The provisional  water  q u a l i t y  object ives proposed apply everywhere
in reaches where designated uses a p p l y,  except  i n  t h e  de f ined  i n i t i a l
di lut ion zones o f  waste discharges. T h e s e  zones can extend up t o  100 m
downstream from any e f f l u e n t  discharge,  b u t  a r e  not  t o  exceed more than
25% o f  t h e  width o f  t h e  r i v e r .

a) Fecal contamination, p r i m a r i l y  from t h e  sewage treatment p lan ts
at Houston and Smithers.

This i s  i n d i c a t e d  b y  f e c a l  c o l i f o r m s .  T h e  B r i t i s h  Columbia
drinking water  standard i n f e r s  a  9 0 t h  p e r c e n t i l e  < 1 0  f e c a l  c o l i f o r m s /
100 mL(18) t o  p r o t e c t  d r i n k i n g  w a t e r  u s e  w i t h  d i s i n f e c t i o n  o n l y .
Primary-contact r e c r e a t i o n  c r i t e r i a  a r e  2 0 0  (geometr ic  mean) t o  4 0 0
(90th p e r c e n t i l e )  f e c a l  c o l i f o r m s / 1 0 0  m L ( 4 0 ) .  S e c o n d a r y -contact
recreation c r i t e r i a  a r e  1  0 0 0  f e c a l  col i forms/100 mL ( 9 0 t h  percen t i l e )
in  n o t  l e s s  t h a n  f i v e  samples i n  a n y  consecutive 3 0 -day p e r i o d ( 4 1 ) .
I r r iga t ion  and l ivestock watering c r i t e r i a  a re  1 0 0 0  (geometric mean) t o
4 000 o r  5  000 (maximum) f e c a l  col i forms/100 mL(61).
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The recommended p r o v i s i o n a l  o b j e c t i v e  i s  a  9 0 t h  p e r c e n t i l e  o f  <10

feca l  c o n f o r m s / 1 0 0  mL i n  any  3 0 -day p e r i o d  t o  p r o t e c t  d r i n k i n g  w a t e r

use i n  those  reaches o f  t h e  B u l k l e y  and Mor ice  R i ve r s  f r o m  B u l k l e y  Lake
to  Houston and  downstream f r o m  Mor ice  Lake t o  Smi thers ,  des igna ted  f o r
d r ink ing  water  use .  T h i s  o b j e c t i v e  would a l l o w  d i s i n f e c t i o n  as t h e  o n l y
water t r e a t m e n t  r e q u i r e d  b e f o r e  d r i n k i n g .  A  p r o v i s i o n a l  o b j e c t i v e  o f
200 ( g e o m e t r i c  mean f o r  3 0  days )  t o  400  ( 9 0 t h  p e r c e n t i l e  i n  a  3 0 -day
per iod)  f e c a l  c o l i f o r m / 1 0 0  mL i s  proposed f o r  t h e  remain ing  two  reaches
of t h e  B u l k l e y  R i v e r ,  downstream f r o m  Houston t o  t h e  Mor i ce  R i v e r ,  a n d
from Smi the rs  t o  t h e  Skeena R i v e r ,  t o  p r o t e c t  p r i m a r y -con tac t  r e c r e -
a t i on .  A l t h o u g h  t h e  da ta  a r e  f ew,  i t  appears t h a t  t hese  o b j e c t i v e s  have
been met i n  t he  p a s t .  M o r e  da ta  a r e  r equ i r ed  f o r  a  complete assessment,
however, a n d  t o  c o n f i r m  t h e  o b j e c t i v e s .  I t  i s  improbab le  t h a t  t h e
d r ink ing  wa te r  o b j e c t i v e  c o u l d  be met e i t h e r :  1 )  immed ia te l y  downstream
from t h e  sewage d i s c h a r g e  a t  Hous ton  because o f  t h e  l o w  d i l u t i o n  a t
ce r ta in  t i m e s  o f  t h e  y e a r ,  o r  2 )  downstream f r o m  t h e  Smi thers  sewage
discharge u n l e s s  c h l o r i n a t i o n  w a s  a d d e d  t o  t h e  t r e a t m e n t  f a c i l i t y .
These p r o v i s i o n a l  o b j e c t i v e s  w i l l  b e  recons ide red  when more d a t a  a r e
ava i l ab le ,  o r  i f  i t  i s  dec ided t h a t  d r i n k i n g  wa te r  i s  t o  be a  p ro tec ted
use i n  e i t h e r  o f  t h e  t w o  reaches where  t h e  o b j e c t i v e  i s  i n  p l a c e  t o
protect  r e c r e a t i o n  b u t  n o t  d r i n k i n g  wa te r.

As s t a t e d  i n  s e c t i o n  3 . 1 ,  w a t e r  l i c e n s e  CL-55785 i s  f o r  commercial
water h a u l i n g  p r i m a r i l y  t o  domest ic customers.  O n e  o f  t h e  f o u r  l i c e n s e d
points  o f  w i t hd rawa l  i s  downstream f r o m  t h e  Houston sewage d i s c h a r g e ,
where t h e  provisional  f e c a l  col i form object ive  t o  protect  recreat ion  i s
proposed. As  t h i s  object ive  does n o t  pro tec t  dr ink ing  water,  and  water
for t h i s  use could requ i re  more complete treatment ( n o t  j u s t  d i s i n f e c -
t ion) ,  t h e  l icensee  (Ten iers  Enterprises L t d . )  should be informed t h a t
water from t h i s  par t i cu la r  reach o f  the  Bulkley River  may need more than
disinfection before dr inking water use.

b) Per iphy ton  Standing Crop

The p e r i p h y t o n  c r i t e r i a  f o r  B r i t i s h  Columbia s t reams a r e  t h a t  t h e
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standing c r o p  f r o m  n a t u r a l  s u b s t r a t e s  b e  l e s s  t h a n  5 0  mg/m2 c h l o r o -

p h y l l  a  t o  p r o t e c t  r e c r e a t i o n ,  a n d  l e s s  t h a n  1 0 0  mg/m2 c h l o r o p h y l l  a  t o

pro tec t  a q u a t i c  l i f e  f r o m  e x c e s s i v e  s t a n d i n g  c r o p s ( 3 8 ) .  T h e  r e c o m -

mended p r o v i s i o n a l  o b j e c t i v e  f o r  p e r i p h y t o n  i n  t h e  M o r i c e  a n d  B u l k l e y

Rivers  i s  5 0  mg/m2 c h l o r o p h y l l  a  t o  p r o t e c t  r e c r e a t i o n .  T h e r e  a r e  n o

data t o  d e t e r m i n e  w h e t h e r  t h i s  p r o v i s i o n a l  o b j e c t i v e  h a s  b e e n  m e t

h i s t o r i c a l l y  i n  e i t h e r  t h e  M o r i c e  o r  B u l k l e y  R i v e r s .

c) P a r t i c u l a t e  M a t t e r

The c r i t e r i a  f o r  p r o t e c t i n g  a q u a t i c  l i f e  i n  B r i t i s h  Columbia  f r o m

excessive p a r t i c u l a t e  m a t t e r  d u e  t o  an thropogen ic  sources  a r e  expressed

i n  t e r m s  o f  t u r b i d i t y  a n d  s u s p e n d e d  s o l i d s  b y  S i n g l e t o n ( 3 9 ) .

Induced t u r b i d i t y  s h o u l d  n o t  e x c e e d  5  NTU when background t u r b i d i t y  i s

550 N T U ,  n o r  s h o u l d  i n d u c e d  t u r b i d i t y  b e  m o r e  t h a n  10% o f  background

when background i s  > 5 0  NTU; i n d u c e d  suspended s o l i d s  s h o u l d  n o t  e x c e e d

10 m g / L  w h e n  b a c k g r o u n d  l e v e l s  a r e  5 1 0 0  m g / L  n o r  s h o u l d  i n d u c e d

suspended s o l i d s  b e  m o r e  t h a n  1 0 %  o f  b a c k g r o u n d  w h e n  background  i s

>100 mg/L.

The recommended p r o v i s i o n a l  o b j e c t i v e s  f o r  t u r b i d i t y  a n d  suspended

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

Morice a n d  B u l k l e y  R i v e r s .  D a t a  a r e  t o o  f e w  f r o m  t h e  B u l k l e y  R i v e r  a t

the S m i t h e r s  a n d  H o u s t o n  sewage d i s c h a r g e s  t o  d e t e r m i n e  whe ther  t h e s e

o b j e c t i v e s  h a v e  b e e n  m e t  h i s t o r i c a l l y  ( t h e  n e w  f a c i l i t y  a t  S m i t h e r s

began o p e r a t i o n  i n  November o f  1 9 8 3 ) .  T h e  o b j e c t i v e s  w i l l  b e  conf i rmed

or r e c o n s i d e r e d  when new d a t a  a r e  a v a i l a b l e .

d) D i s s o l v e d  Oxygen

C r i t e r i a  f o r  d i s s o l v e d  oxygen have  been s e t  b y  o t h e r  j u r i s d i c t i o n s .

Var iab les  c o n s i d e r e d  o f t e n  i n c l u d e  t h e  f o l l o w i n g :  1 )  t h e  d i f f e r e n t  s e n -

s i t i v i t i e s  o f  f i s h  s p e c i e s  a n d  l i f e  s t a g e s  t o  l o w  oxygen c o n c e n t r a t i o n ,

2) t h e  i n c r e a s e  i n  s e n s i t i v i t y  by  s t r e s s  f a c t o r s  ( e . g .  h i g h  t e m p e r a t u r e ,

t o x i c a n t s ) ,  3 )  t h e  l e v e l  o f  r i s k  t h a t  i s  c o n s i d e r e d  a c c e p t a b l e ,  4 )  t h e
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choice o f  u n i t s  (percent  sa tura t ion  versus mi l l igrams p e r  l i t e r ) ,  a n d
5) t h e  c h o i c e  o f  mean v e r s u s  instantaneous minimum concentra t ion .
Although a  s i n g l e  guidel ine c r i t e r i o n  expressed as mil l igrams per  l i t e r
may be s imp l is t i c  and r e s t r i c t i v e  i t  i s  the  preference o f  sane agencies,
including: 1 )  T h e  S t a t e  o f  A l a s k a ( 4 0 ) ,  w h i c h  h a s  e s t a b l i s h e d  a n
aquatic l i f e  and  w i l d l i f e  c r i t e r i o n  a t  > 7  mg/L d issolved oxygen f o r
freshwater used b y  anadranous f i s h ,  2 )  t h e  S t a t e  o f  Idaho(41)  wh ich
has s e t  a  c r i t e r i o n  f o r  salmonid spawning and  incubat ion per iods o f
>6 mg/L dissolved oxygen or  90% saturat ion,  whichever i s  g r e a t e r.

In c o n t r a s t ,  t h e  c r i t e r i a  o f  Dav is (62 )  a r e  q u i t e  d e t a i l e d  a n d
di f ferent ia te  between f i s h  populations (Canadian species) ,  temperature,
and leve l  o f  r i s k .  T h e  c r i t e r i a  are  i n  uni ts  o f  percent sa tura t ion .  A t
low temperature, t h e  c r i t e r i o n  i s  t h a t  percent satura t ion  t h a t  provides
the p a r t i a l  pressure o f  oxyen essent ia l  f o r  maintaining t h e  necessary
oxygen tension grad ient  i n  t h e  g i l l s  f o r  proper  g a s  exchange (oxygen
part ia l  pressure o f  1 2 0  mm Hg a t  sea  l e v e l ) .  A t  h igh  temperature t h e
cr i ter ion i s  t h a t  percent  s a t u r a t i o n  t h a t  provides s u f f i c i e n t  oxygen
to meet t h e  requirements o f  r e s p i r a t i o n  a s  d e f i n e d  b y  t h e  i n c i p i e n t
oxygen response l e v e l ;  t h i s  i s  t h e  concentration where reduced oxygen
e f f e c t s  f i r s t  b e c o m e  a p p a r e n t  ( h i g h  d e g r e e  o f  p r o t e c t i o n  f o r
salmonids: 7 . 7 5  m g / L ) .  S i g m a ( 7 8 )  r e v i e w e d  t h e s e  c r i t e r i a  f o r

application t o  f i s h  hatchery operations and determined t h a t ,  f o r  a  given
level o f  p ro tec t ion ,  a  s i n g l e  minimum concentrat ion c r i t e r i o n  (mg/L)
could b e  spec i f ied  f o r  a l l  temperataures. T h e  r a t i o n a l e  included t h e
following: ( 1 )  t h e  decrease i n  r a t e  o f  d i f fus ion  o f  oxygen a t  t h e  g i l l s
at l o w  temperatures i s  more t h a n  o f f s e t  b y  t h e  decrease i n  r a t e  o f
oxygen consumption f o r  metabolism a t  low temperatures; ( 2 )  t h e  a f f i n i t y
of hemoglobin f o r  oxygen increases a t  low temperatures, and  t h e  oxygen
transport system w i t h i n  t h e  f i s h  i s  f a c i l i t a t e d ;  a n d  ( 3 )  t h e  oxygen
reponse threshold i s  not  c l e a r l y  re la ted  t o  temperature.

The proposed prov is iona l  ob jec t i ves  f o r  t h e  B u l k l e y  a n d  Mor ice
Rivers i s  a  minimum o f  7 . 8  mg/L t o  protec t  f i s h e r i e s ,  w h i c h  i s  t h a t



55

concentration o f  oxygen f r o m  Dav is (82 )  w h i c h  prov ides  a  h i g h  l e v e l
of protect ion f o r  salmonids a t  h i g h  temperature ( 7 . 7 5  mg/L rounded o f f
to 7 . 8  mg/L f o r  f i e l d  u s e ) .  A l t h o u g h  data a re  few ( n = 3 ) ,  t h i s  object ive
has been met downstream from both the sewage treatment p lants  a t  Houston
and Smithers; t h e  minimum dissolved oxygen concentrations were 9 .45  mg/L
at Houston s i t e  0400295, a n d  1 0 . 7  mg/L a t  Smithers s i t e  0400435, b o t h
sampled J u l y  10 ,  1974 .  A l t h o u g h  t h e  s o l u b i l i t y  o f  oxygen increases a t
low temperature, i t  i s  possible t h a t  dissolved oxygen concentrations i n
the B u l k l e y  R i v e r  a t  c e r t a i n  t imes  a r e  lower  d u r i n g  t h e  w i n t e r  t h a n
those reported, due t o  low flows and possible i c e  cover condit ions.

e) Un-ionized Ammonia

Studies have shown t h a t  t h e  un-ionized ammonia molecule and not t h e
ammonium i o n  i s  t h e  f o r m  o f  ammonia t o x i c  t o  f i s h ( 6 3  ,64) T h e
proposed provisional object ives f o r  un-ionized ammonia i n  the  Morice and
Bulkley R i v e r s  a r e  b a s e d  o n  t h e  c r i t e r i a  developed b y  Pommen(27)
from a  study i n  B r i t i s h  Columbia: a n  average o f  0 .007  mg/L o r  less  over
a per iod o f  3 0  days and a  maximum o f  0 .030  mg/L a t  any one t ime .  H i s -
tor ica l  da ta  a r e  too  few t o  determine whether these object ives have been
met downstream f r o m  t h e  sewage discharges a t  Houston a n d  Smithers .
These object ives  w i l l  b e  confirmed o r  reconsidered when new d a t a  a r e
avai lable.

f )  N i t r i t e

The B r i t i s h  Columbia dr ink ing  water  standard f o r  n i t r i t e  ni t rogen

is 1 . 0  m g / L ( 1 8 ) .  T h e  s t a n d a r d  w a s  developed t o  p r o t e c t  i n f a n t s
from methemoglobinemia which occurs when n i t r i t e  combines w i t h  haemo-
globin, r e d u c i n g  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b l o o d ( 8 ) .
Aquatic l i f e  c r i t e r i a  r e f l e c t  t h e  high t o x i c i t y  o f  n i t r i t e  t o  f i s h .  T h e
mechanism o f  t o x i c i t y  i s  t h e  same as f o r  humans. N i t r i t e  i s  very t o x i c
to c u t t h r o a t  a n d  ra inbow t r o u t ( 4 2 , 4 3 ) ,  b o t h  f o u n d  i n  t h e  B u l k l e y
River. B . C .  R e s e a r c h ( 4 4 )  recommended 0 . 0 2 0  mg/L n i t r i t e -nitrogen
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as t h e  maximum l e v e l  acceptable  f o r  salmonids f o r  prolonged per iods .
The U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  Agency(8) f o u n d  0 . 0 6 0  m g / L  a s

the maximum l e v e l  t o  avoid morta l i ty  t o  f i s h  a f t e r  10  days.

Provisional object ives f o r  n i t r i t e  are  proposed f o r  the  Bulkley and
Morice Rivers o f  0 .020 mg/L n i t r i t e -nitrogen (averaged over 30  days) and
a maximum o f  0 .060  mg/L t o  protec t  f i s h e r i e s .  T h e  l i m i t e d  h i s t o r i c a l
data from s i t e s  downstream from the t rea ted  sewage discharges a t  Houston
and Smithers ind ica te  t h a t  these objectives have been met.  T h e  maximum
recorded concentration was 0 . 0 0 7  mg/L n i t r i t e -nitrogen a t  s i t e  0400295
downstream from the  Houston sewage discharge.

g) Residual Chlorine

Total res idua l  c h l o r i n e  i s  equal  t o  t h e  sum o f  t h e  f r e e  res idual
chlorine (HOC1, -0C1,  C12) and the  combined residual  ch lor ine  ( inorganic
and some organic  chioramines).  T h i s  measurement has  been considered
suf f ic ient  t o  define ch lor ine  t o x i c i t y  t o  aquatic organisms(45)

An a q u a t i c  l i f e  c r i t e r i o n  o f  0 . 0 0 2  mg/L maximum t o t a l  r e s i d u a l
chlorine t o  protect  t r o u t  and salmonid species has been recommended by
various j u r i s d i c t i o n s ( 8 , 4 5 , 4 6 , 4 7 , 4 8 ) .  T h i s  c r i t e r i o n  ( 0 . 0 0 2  m g / L )

is  proposed as the  provisional  object ive  f o r  t o t a l  res idual  ch lor ine  f o r
the Bulkley River.

Since t h e  object ive i s  l ess  than t h e  minimum detectable  concentra-
t ion,  i t  w i l l  be necessary t o  estimate the receiv ing water concentration
using e f f l u e n t  load ing  and stream f low downstream from sewage treatment
plants t h a t  discharge chlor inated e f f luen t ;  c u r r e n t l y  t h i s  appl ies on ly
to Houston. T h e  maximum t o t a l  res idua l  c h l o r i n e  concentration i n  t h e
f ina l  e f f l u e n t  a t  Houston w h i c h  wou ld  b e  a l l o w a b l e  t o  m e e t  t h i s
objective a t  t h e  minimum 10:1 d i l u t i o n  (spec i f i ed  b y  permit  PE 287) i s
0.02 mg/L. T h e  permi t  present ly  a l lows 0 . 1  t o  1 . 0  mg/L i n  t h e  f i n a l
eff luent  which  a t  minimum B u l k l e y  R i v e r  f l o w s  ( 1 0 : 1  d i l u t i o n )  c o u l d

n
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theoret ical ly  r e s u l t  i n  0.01 t o  0 .10  mg/L t o t a l  res idua l  ch lor ine  i n  the
r i v e r,  l e v e l s  which exceed t h e  o b j e c t i v e .  A  dechlor inat ion f a c i l i t y
should be considered f o r  t h e  Houston sewage treatment  p l a n t  t o  protect
the f i s h e r y  d u r i n g  w i n t e r  l o w  f l o w s .  C h l o r i n a t i o n  i s  necessary t o
protect recreat ion and dr inking water use (downstream from Morice River )
from feca l  contamination.

A 1 . 0  mg/L t o t a l  ch lor ine  residual  i n  the  e f f l u e n t  a t  Houston would
require a  500:1 d i l u t i o n  t o  reduce i t  t o  t h e  ob jec t ive  o f  0 .002 mg/L i n
the Bulk ley R i v e r.  G i v e n  an  e f f l u e n t  f l o w  o f  about 0 . 0 2  m3/s (sec t ion
4.2) ,  dechlor inat ion would b e  necessary t o  meet t h e  ob jec t i ve  a t  com-
bined r i v e r  and e f f l u e n t  f l o w s  o f  l e s s  than  about 1 0  m3/s ( 0 . 0 2  m3/s x
500). Combined  f lows  o f  g r e a t e r  t h a n  1 0  m3/8 occur o n l y  i n  May and
June, and thus dechlorination would be needed f o r  t h e  r e s t  o f  t h e  y e a r.

Total r e s i d u a l  c h l o r i n e  must b e  measured i n  t h e  f i e l d  a s  soon as
samples a r e  co l lected  because o f  i t s  unstable  na ture .  Measurements i n
the f i n a l  e f f l u e n t  a t  t h e  p l a n t  can be made t o  0 . 0 5  mg/L w i t h  a  p r e c i -
sion o f  +48% ( i . e . ,  0 . 0 3  t o  0 . 0 7  m g / L ) ,  i f  t h e  modi f ica t ion  t o  t h e
Fischer and  P o r t e r  amperometric t i t r a t i o n  technique a s  recommended b y
Cook(49) i s  used .  T h e  a n a l y s i s  would b e  s e n s i t i v e  enough t o  moni-
tor t o t a l  res idual  ch lo r ine  l e v e l s  a t  t h e  treatment p l a n t  and,  together
with e f f l u e n t  f l o w s  a n d  f lows  i n  t h e  Bulk ley  R i v e r ,  a l l o w  theore t i ca l
estimates o f  concentrations i n  t h e  rece iv ing  environment t o  check t h e
objective ( 0 . 0 0 2  mg/L).

Sampling o f  t h e  Bu lk ley  R i v e r  t o  monitor f o r  t h e  t o t a l  r e s i d u a l
chlorine o b j e c t i v e  i n  a d d i t i o n  t o  w h a t  i s  proposed above  i s  n o t
recommended. A l t h o u g h  W a l k e r ( 5 0 )  h a s  s t a t e d  t h a t  f i e l d
measurements can be  read  t o  0 . 0 4  mg/L w i t h  c a r e f u l  use o f  t h e  Hach k i t
colorimetric technique, f i e l d  measurements a re  usua l ly  too  crude.

h) Mercury

No water q u a l i t y  object ive  i s  proposed f o r  mercury because elevated
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levels w i l l  b e  due t o  uncontrollable circumstances i f  Kemano-Completion
proceeds. I t  i s  recommended t h a t  t h e  g u i d e l i n e s  r e p o r t e d  b y
Environment Canada(71) b e  u s e d  a s  a l e r t  l e v e l s  f o r  p o s s i b l e  w a t e r

use res t r i c t ions  i n  t h e  Morice and Bulk ley  R i v e r s .  T h e s e  l e v e l s  f o r
tota l  mercury a r e  maxima o f :  0 . 5  1 g / g  wet  weight  i n  f i s h  t i s s u e  a n d
0.0001 m g / L  i n  w a t e r  t o  p r o t e c t  consumers o f  f i s h ;  0 . 0 0 1  m g / L  f o r
drinking water and recreat ion;  a n d  0 .003 mg/L t o  protect  l i ves tock  and
w i l d l i f e .

5.8 MONITORING RECOMMENDATIONS

The recommended e f f l u e n t  a n d  w a t e r  q u a l i t y  moni tor ing f o r  t h e
Bulkley River i s  out l ined i n  Table  26 .  Recommendations a r e  made from a
technical perspective and t h e  ex ten t  o f  t h e  monitoring w i l l  b e  d e t e r -
mined b y  t h e  o v e r a l l  p r i o r i t i e s  a n d  monitoring resources a v a i l a b l e .
This monitoring i s  recommended p r i m a r i l y  t o  support  t h e  p rov is iona l
objectives a n d  t o  determine whether t h e  ob jec t ives  a r e  be ing  met  a t
monitored s i t e s  i n  the  Bulk ley  R i v e r.  T h e  recommended monitoring p r o -
gram w i l l  a l so  provide data  f o r  fu tu re  object ives.

Coordinated sampling o f  waste discharges and the  receiv ing environ-
ment i s  current ly  car r ied  out  by Waste Management Branch. I t  i s  recom-
mended t h a t  any sampling agencies continue t h i s  pract ice  s o  t h a t  cause
and e f f e c t  relat ionships can be determined.

The recommended sampl ing f o r  f e c a l  o o l i f o r m s  a t  Houston a n d
Smithers ( a t  l e a s t  1  sample per  week f o r  5  weeks i n  a  period no longer
than 3 0  days) should occur dur ing  t h e  summer low  f l o w  p e r i o d  (August-
September) when both recreat ional  use and drinking water use a r e  s i g n i f -
icant.  A l though t h i s  w i l l  no t  show whether the  dr inking water object ive
is  being met dur ing t h e  w in ter  lowest f low p e r i o d  (February) ,  sampling
of t h e  required frequency i n  winter  i s  impractical  above Houston ( t o t a l
ice condi t ions;  w a t e r  o n l y  f r o m  w e l l s )  a n d  ex t remely  hazardous a t
Smithers ( i c e  c o v e r ) .  S a m p l i n g  upstream f r o m  t h e  sewage t reatment
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r plants a t  Houston and Smithers during summer low f low would show whether
the dr ink ing  water ob jec t ive  was met i n  those 2  reaches o f  t h e  Bulkley
and Morice Rivers protected f o r  t h a t  u s e ,  i n c l u d i n g  f rom Bulk ley  Lake
downstream t o  Houston, a n d  f r o m  Mor ice  Lake  downstream t o  Smithers.

rm S a m p l i n g  downstream f r o m  t h e  t w o  sewage t rea tment  p l a n t s  would show
whether t h e  recreat ion  ob jec t ive  was met i n  t h e  two  remaining reaches,
including from Houston downstream t o  the  Morice R i v e r,  and from Smithers

7
downstream t o  the  Skeena R ive r.

7g1

ran

To determine whether t h e  periphyton object ive  i s  being met ,  i t  i s
recommended t h a t  t h e  moni tor ing  s i t e s  f o r  t h e  t w o  sewage t rea tment
plants (Houston and Smithers)  b e  checked once a  y e a r  dur ing  low f l o w,
but s t i l l  w i t h i n  t h e  a l g a l -growth p e r i o d ,  p robab ly  September. S u b -
samples should b e  t a k e n  randomly from a  stream s e c t i o n ,  a n d  t h e  mean
biomass o f  the  composite sample compared t o  the  ob jec t ive .

Monthly sampling f requency f o r  suspended s o l i d s ,  t u r b i d i t y ,  a n d
metals i s  recommended t o  invest iga te  t h e i r  r e la t ionsh ip ,  and t o  provide
a d a t a  base  f o r  s e t t i n g  f u t u r e  w a t e r  q u a l i t y  ob jec t ives  f o r  meta ls .
Elevated l e v e l s  f o r  some meta ls  (aluminum, c o b a l t ,  cadmium, chromium,
copper, i r o n ,  manganese, n i c k e l ,  l e a d ,  z i n c )  w i t h  respect  t o  c r i t e r i a
have been noted i n  the  data  (sect ions 5 .1  t o  5 . 5 ) .  A  summary o f  minimum
detection l i m i t s  f o r  c e r t a i n  metals i s  g iven i n  Table  2 7 .

The Waste  Management Branch i s  moni tor ing some o f  t h e s e  s i t e s
monthly a s  p a r t  o f  t h e i r  r e g i o n a l  network .  T h e s e  s i t e s  inc luded  i n
Table 26 are:  0400296 (Houston), 0400203 (Morice R i v e r ) ,  0920088 (Quick)
and 0400187 (Telkwa R i v e r ) .  T h e  performance o f  t h e  new Smithers sewage
treatment p l a n t  i s  a l s o  be ing monitored t w i c e  p e r  y e a r  (PE 373 ,  s i t e s
0400434 and 0400435) dur ing low Bulkley River  f l o w.

Should Alcan again proceed wi th  Kemano-Completion, a  de ta i led  eva l -
uation o f  mercury i n  t h e  Morice-Bulkley system should be  considered as
there a r e  no background d a t a .  T h i s  study should inc lude  an evaluat ion
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of mercury l e v e l s  i n  w a t e r  a n d  f i s h ,  a s  w e l l  a s  t h e  p o t e n t i a l  f o r

mobilization o f  mercury i n  t h e  s o i l s  t o  b e  f loode d  i n  t h e  Nan ika -
Kidprice Reservoir.  T h e s e  da ta  would contr ibute  t o  t h e  eva luat ion  o f
post- Kemano-.Completion mercury l eve ls .

An evaluat ion o f  a g r i c u l t u r a l  f e r t i l i z e r s  and  pest ic ides  used i n
the Bulkley River watershed should be conducted, including an assessment
of t h e i r  impacts o n  water  q u a l i t y.  H i s t o r i c a l l y ,  o n l y  a t  Quick ( s i t e
0920088) dur ing 1974 were there  analyses f o r  several  pest ic ides ,  a l l  o f
which were below l i m i t s  o f  d e t e c t i o n  a t  t h a t  t i m e .



61

REFERENCES CITED

1. E n v i r o c o n  L t d . ,  1 9 8 1 .  K e m a n o  Comple t ion .  H y d r o e l e c t r i c  Deve lop-
ment. E n v i r o n m e n t a l  I m p a c t  Assessment. V o l .  4 .  F i s h  Resources
Studies.  M o r i c e  S y s t e m s .  P r e p a r e d  f o r :  A l c a n  S m e l t e r s  a n d
Chemicals L t d . ,  K i t i m a t ,  B . C .

2. E n v i r o c o n  L t d . ,  1983.  Kemano Complet ion H y d r o e l e c t r i c  Development.
Informat ion a n d  R a t i o n a l e  U s e d  t o  D e t e r m i n e  F i s h  P r o t e c t i o n
Measures, N a n i k a  a n d  M o r i c e  R i v e r s :  N a n i k a  M o r i c e  H y d r o l o g i c a l
Ana lys is .  P r e p a r e d  f o r :  A l c a n  Smel ters and Chemicals L t d .  K i t i m a t ,
B.C.

3. E n v i r o c o n  L t d . ,  1 9 8 4 .  E n v i r o n m e n t a l  S t u d i e s  A s s o c i a t e d  w i t h  t h e
Proposed Kemano Comple t ion  H y d r o e l e c t r i c  Development.  V o l u m e  1 3 .
A g r i c u l t u r a l  R e s o u r c e s  B a s e l i n e  I n f o r m a t i o n .  P r e p a r e d  f o r :
Aluminum Company o f  Canada L t d . ,  Vancouver,  B . C .

4. T r e d g e r ,  C .D .  1981 .  A s s e s s m e n t  o f  S tee lhead Enhancement Opportun-
i t i e s  i n  t h e  M o r i c e  R i v e r  Sys tem.  P r o g r e s s  i n  1980.  F i s h  a n d
W i l d l i f e  Branch, M i n i s t r y  o f  Environment,  V i c t o r i a ,  B . C .

5. T r e d g e r ,  C . D .  1 9 8 3 .  A s s e s s m e n t  o f  S t e e l h e a d  Enhancement
Oppor tun i t ies  i n  t h e  Mor i ce  R i v e r  System. P r o g r e s s  i n  1981. F i s h
and W i l d l i f e  Branch,  M i n i s t r y  o f  Environment,  V i c t o r i a .  B . C .

6. W a t e r  S u r v e y  o f  Canada,  H i s t o r i c a l  S t r e a m f l o w  Summary,  B r i t i s h
Columbia t o  1 9 8 2 .  I n l a n d  Wa t e r s  D i r e c t o r a t e ,  Wa t e r  Resources
Branch, Ot tawa,  1983 .

7. O b e d k o f f ,  W.  1 9 8 3 .  W a t e r  Management B r a n c h ,  Pe rsona l  Communi-
cat ion concern ing l o w  f l o w  e s t i m a t e s  f o r  t h e  B u l k l e y  R i v e r.

8. U n i t e d  S t a t e s  Env i ronmenta l  P r o t e c t i o n  Agency.  Q u a l i t y  C r i t e r i a
71 f o r  Water,  1976.  R e p o r t  No.  US-EPA-440/9-76-023,  Washington,  D .C.

9. U n i t e d  S t a t e s  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y.  W a t e r  Q u a l i t y
C r i t e r i a  1972.  R e p o r t  EPA.R3.73.033, March  1973,  U . S .  Government
P r i n t i n g  O f f i c e ,  Washington,  D.C.

10. U n i t e d  S t a t e s  Env i ronmen ta l  P r o t e c t i o n  A g e n c y.  1 9 8 3 .  D e s i g n
Manual, M u n i c i p a l  Wa s t e w a t e r  S t a b i l i z a t i o n  P o n d s .  E P A - 6 2 5 / -
1-83-015, O f f i c e  o f  Research and Development, 327  p p .

11. A m e r i c a n  F i s h e r i e s  S o c i e t y,  A  Review o f  t h e  EPA Red Book: Q u a l i t y
C r i t e r i a  f o r  Water.  A p r i l  1979.

7
12. D a y t o n  a n d  K n i g h t ,  To w n  o f  S m i t h e r s  Was tewate r  Tr e a t m e n t  a n d

Disposal.  A u g u s t  1981.

13. W a s t e  Management B ranch  ( S m i t h e r s ) .  S u m m a r y  Form f o r  P o l l u t i o n
Control Permit  PE 373, October 21 ,  1982 .



62

14. Wenger,  J o h n .  B u l k l e y  D i s t r i c t  Manager,  M i n i s t r y  o f  F o r e s t s ,
Personal Communication, February 21 ,  1984.

15. Environment Canada Forestry Service.  D e n n i s  Creek: A  Look a t  Water
Quality Following Logging i n  the  Okanagan Basin. 1 9 7 6 .

16. L o g g i n g  Roads and Water Q u a l i t y.  Environmental  Protect ion Agency,
Report EPA 625/5-76-011,  1976.

17. F o r e s t  Harvesting a n d  Wa t e r  Q u a l i t y .  E n v i r o n m e n t a l  P r o t e c t i o n
Agency, Report EPA 625/5-76-013, 1976.

18. B r i t i s h  Columbia Dr inking Water Q u a l i t y  Standards 1982.  P r o v i n c e
of B r i t i s h  Columbia, M in is t ry  o f  Health.

19. Demayo, A . ,  M . C .  Ta y l o r  a n d  S . W.  R e e d e r.  1 9 8 0 .  L e a d .  I n :
Guidelines f o r  Surface Water Q u a l i t y,  V o l .  1 ,  I n o r g a n i c  Chemical
Substances. I n l a n d  Waters Directorate ,  Environment Canada, Ottawa,
36 pp.

20. Demayo, A . ,  M . C .  Ta y l o r .  1 9 8 1 .  C o p p e r .  I n :  Gu ide l ines  f o r
Surface Wa t e r  Q u a l i t y ,  V o l .  1 ,  I n o r g a n i c  Chemical Substances.
Inland Waters Directorate ,  Environment Canada, Ottawa. 5 5  pp.

21. R e e d e r,  S . W. ,  A .  Demayo and  M.C.  Ta y l o r .  1 9 7 9 .  Cadmium.  I n :
Guidelines f o r  Surface Water Q u a l i t y,  V o l .  1 ,  I n o r g a n i c  Chemical
Substances. I n l a n d  Waters Directorate ,  Environment Canada, Ottawa,
19 pp.

22. T a y l o r ,  M . C . ,  A .  Demayo and  S .W.  Reeder.  1 9 7 9 .  N i c k e l .  I n :
Guidelines f o r  Surface Water Q u a l i t y,  V o l .  1 ,  I norgan ic  Chemical
Substances. I n l a n d  Waters Directorate ,  Environment Canada, Ottawa,
12 pp.

23. T a y l o r ,  M . C .  a n d  A .  Demayo, 1 9 8 0 .  Z i n c .  I n :  Gu ide l ines  f o r
Surface Wa t e r  Q u a l i t y ,  V o l .  1 ,  I n o r g a n i c  Chemical Substances.
Inland Waters Directorate ,  Environment Canada, Ottawa, 5 2  pp.

24. T a y l o r ,  M . C . ,  S . W.  Reeder,  and  A .  Demayo. 1 9 7 9 .  Chromium. I n :
Guidelines f o r  Surface Water  Q u a l i t y,  V o l .  1 ,  I n o r g a n i c  Chemical
Substances. I n l a n d  Waters Directorate ,  Environment Canada, Ottawa,
9 pp.

25. Anderson,  P. D .  a n d  L . J .  Weber.  1 9 7 5 .  T h e  To x i c i t y  t o  Aquat ic
Populations o f  M i x t u r e s  Conta in ing C e r t a i n  Heavy M e t a l s .  I n :
Symposium Proceedings o f  t h e  I n t e r n a t i o n a l  Conference o n  Heavy
Metals i n  the  Environment.

26. Anderson,  P. D .  a n d  L . J .  Weber.  1 9 7 6 .  T h e  M u l t i p l e  To x i c i t y  o f
Certain Heavy Meta ls :  A d d i t i v e  Act ions  a n d  I n t e r a c t i o n s .  I n :
Proceedings o f  t h e  Workshop on Tox ic i ty  t o  Biota  o f  Metal  Forms i n
Natural Water.  1 9 7 5 .



7

r

"TM

63

27. Pommen, L .W.  1 9 8 3 .  T h e  E f f e c t  on  Water Q u a l i t y  o f  Explosives Use
in Surface Mining,  Volume 1 :  Ni t rogen Sources, Water  Q u a l i t y,  and
Prediction a n d  Management o f  Impacts .  M i n i s t r y  o f  Environment
Technical Report 4 ,  V i c t o r i a ,

28. T r u s s e l l ,  R . P.  1 9 7 2 .  T h e  Percent Un- ionized Ammonia i n  Aqueous
Ammonia Solutions a t  D i f f e r e n t  pH Levels and Temperatures. J o u r n a l
of t h e  Fisheries Research Board o f  Canada, 29:1505-1507.

29. N a t i o n a l  Academy o f  Sciences, Water  Q u a l i t y  C r i t e r i a  1972, Report
EPA-R3-73-003, U . S .  Government P r i n t i n g  O f f i c e ,  Washington, D . C . ,
1973.

30. M c C o l l ,  J . G .  a n d  D . F.  G r i g a l .  1 9 7 5 .  F o r e s t  F i r e :  E f f e c t s  o n
Phosphorus Movement t o  L a k e s .  I n :  S c i e n c e  ( 1 9 7 5 )  1 8 8 ,  p p .
1109-1111.

31. Tiedemann,  A .R.  1 9 7 3 .  Stream Chemistry Following a  Forest  F i r e  and
Urea F e r t i l i z a t i o n  i n  N o r t h  C e n t r a l  Washington.  U S D A  F o r e s t
Service Research Note  PNW-203, P a c i f i c  Northwest Forest  and Range
Experiment Stat ion,  Por t land,  Oregon.

32. Tiedemann, A . R .  a n d  J . D .  H e l v e y.  1 9 7 3 .  N u t r i e n t  I o n  Losses i n
Streamflow a f t e r  F i r e  a n d  F e r t i l i z a t i o n  i n  E a s t e r n  Washington.
(Abstr.)  B u l l .  Eco l .  Soc.  Am. 5 4 ( 1 ) : 2 0 .

33. M a l u e g ,  K .W. ,  C . F.  Powers, a n d  D . F.  Krawczyk. 1 9 7 2 .  E f f e c t s  o f
Aerial Forest  F e r t i l i z a t i o n  w i th  Urea P e l l e t s  on Nitrogen Levels i n
a Mountain Stream. N o r t h w e s t  Sc i .  46 :52 -58 .

34, M o o r e ,  D .G .  1 9 7 1 .  F e r t i l i z a t i o n  and Water Q u a l i t y.  I n :  Western
Reforestation, p p .  2 8 - 3 1 .  W e s t .  R e f o r.  Coord,  Comm., West F o r.  &
Conserv. Assoc.,  Por t land,  Oregon.

35. F r e d r i k s e n ,  R . L .  1 9 7 1 .  C o m p a r a t i v e  Chemical  Wa t e r  Q u a l i t y -
Natural and Disturbed Streams Following Logging and Slash Burning.
In: A  Symposium, F o r e s t  Land Uses and Stream Environment, October
19-21, 1970 ,  pp.  125-137,  Oreg. S t a t e  U n i v. ,  C o r v a l l i s .

36. W r i g h t ,  R . F.  1 9 7 6 .  T h e  Impact o f  Forest  F i r e  on Nutr ient  I n f l u -
ences t o  Small Lakes i n  Northeastern Minnesota. I n :  Ecology (1976)
57: p p .  649-663.

37. R i c h a r d s ,  H . M .  M i n i s t r y  o f  Hea l th ,  Memorandum t o  R . J .  Buchanan,
Water Management Branch, May 10 ,  1983 .

38. N o r d i n ,  R . N .  1 9 8 5 .  W a t e r  Q u a l i t y  C r i t e r i a  f o r  N u t r i e n t s  a n d
Algae. B . C .  M in is t ry  o f  Environment, October 1985.

39. S i n g l e t o n ,  H . J .  1 9 8 4 .  W a t e r  Q u a l i t y  C r i t e r i a  F o r  P a r t i c u l a t e
Matter.  B r i t i s h  Columbia M i n i s t r y  o f  Environment.  S e p t e m b e r
1984.

7,1



64

40. A l a s k a  Water Qua l i ty  Standards, Alaska Department o f  Environmental
Conservation, Alaska Water Pol lut ion Control Program, 1979.

41. I d a h o  W a t e r  Q u a l i t y  S t a n d a r d s  a n d  Wa s t e w a t e r  T r e a t m e n t
Requirements, I d a h o  D e p t .  o f  H e a l t h  a n d  W e l f a r e ,  D i v i s i o n  o f
Environment. 1 9 8 0 .

42. R u s s o ,  R . C .  a n d  R . V.  Thurs ton .  1 9 7 7 .  T h e  Acu te  To x i c i t y  o f
N i t r i t e  t o  Fishes.  I n :  Recent  Advances i n  F i s h  Toxicology,  U . S .
E.P.A.,  Ecological Research Series EPA 600/3-77-085,  J u l y  1977, p p .
118-131.

43. T h u r s t o n ,  R . V. ,  R . C .  Russo, and C.E.  Smith.  1 9 7 8 .  A c u t e  To x i c i t y
of Ammonia and N i t r i t e  t o  Cutthroat  Tr o u t  F r y ,  Tr a n s .  Am. F i s h .
Soc. V o l .  107 ,  No.  2 :  361-368.

44. B . C .  Research, G r e e n h i l l s  Surface Coa l  M in ing  P r o j e c t ,  S tage  I I
Environmental Assessment, Volume 1 ,  January 1981.

45. B r u n g s ,  W.A. 1 9 7 3 .  E f f e c t s  o f  Residual Chlor ine on Aquatic L i f e .
J. Water P o l l u t .  Control  Fed. 45:2180-2193.

46. B r u n g s ,  W. A .  1 9 7 6 .  E f f e c t s  o f  Wastewater a n d  Cool ing  Water
Chlor inat ion  o n  A q u a t i c  L i f e .  E c o l o g y  R e s e a r c h  S e r i e s
E.P.A.-600/3-  76-098. A u g u s t  1976. 4 6  pp.

47. M a t t i c e ,  J . S .  and H.E.  Z i t t e l .  1 9 7 6 .  S i t e -spec i f ic  eva luat ion  o f
power p lan t  ch lor inat ion .  J .  Water P o l l u t .  Control  Fed.  4 8 : 2 2 8 4 -
2308.

48. I n t e r n a t i o n a l  J o i n t  Commisssion, Report t o  the  Great Lakes Sciences
Advisory B o a r d ,  R e p o r t  o f  t h e  A q u a t i c  Ecosystem O b j e c t i v e s
Committee, November 1980.

49. C o o k ,  R . J .  P r e c i s i o n  o f  t h e  F i s c h e r  a n d  P o r t e r  Amperometric
Ti t ra tor  i n  Measuring Low L e v e l  C h l o r i n e  Res idua ls  i n  Sewage
Eff luent .  P o l l u t i o n  C o n t r o l  Branch Repor t  N o .  8 0 - 11 ,  Oc tober
1980.

50. W a l k e r ,  D .  E n v i r o n m e n t a l  P r o t e c t i o n  S e r v i c e ,  Department  o f
Environment, Vancouver,  B . C .  P e r s o n a l  Communication, A p r i l  6 ,
1984.

51. B a i l e y ,  L .  1 9 8 3 .  F i s h e r i e s  Input  t o  the  Water Qua l i t y  Section o f
the Skeena-Nass P l a n .  Memorandum t o  P.  Warrington,  Water  Manage-
ment Branch, March 17 ,  1983 .

52. L e ,  H . T.  1 9 8 3 .  Te c h n i c a l  Assessment f o r  Amendment Appl ica t ion ,
PE 373.  Wa s t e  Management Branch, A p r i l  2 8 ,  1983.

53. W a t e r  U s e  Inventory-Bulkley R i v e r  t o  1983 .  S u m m a r y  f rom Waste
Management Branch, M in is t ry  o f  Environment, Smithers.



65

54. W i l k e s ,  B .  R e g i o n a l  B i o l o g i s t ,  Waste Management Branch, Smithers.
Personal Communication, December 15 ,  1983 .

55. H e a l t h  a n d  We l f a r e  Canada, Guide l ines  f o r  Canadian Recreat ional
Water Qua l i ty,  October 1983.

56. G r i f f i t h s ,  J . ,  Superintendent o f  Publ ic  Works, D i s t r i c t  o f  Houston,
Personal Communication, May 31 ,  1984.

57. B u t c h e r ,  G.A. 1 9 8 4 .  P e a c e  River  Planning U n i t ,  Pouce Coupe River
Sub-Basin, Wa t e r  Q u a l i t y  Assessment a n d  O b j e c t i v e s .  R e s o u r c e
Quality Sect ion,  Water  Management Branch, M i n i s t r y  o f  Environment,
Victor ia ,  B .C.

58. Hawksworth, C .  M u n i c i p a l  Development S e r v i c e s ,  M i n i s t r y  o f
Municipal A f f a i r s ,  Personal Communication, June 8 ,  1984 .

59. S w e e t ,  H . R .  a n d  R.H.  Fe t row,  Ground-Water P o l l u t i o n  by  Wood Waste
Disposal. I n :  Ground Water,  Vo l .  1 3 ,  No .  1 2 :  227-231,  March- A p r i l ,
1975.

60. W a t e r  Management B r a n c h ,  M i n i s t r y  o f  Envi ronment ,  S m i t h e r s ,
Personal Communication, May 15 ,  1984.

61. H a r t ,  B . T .  1 9 7 4 .  A  Compilat ion o f  A u s t r a l i a n  Wa t e r  Q u a l i t y
C r i t e r i a .  A u s t r a l i a  Water Resources Counci l ,  Technical  Paper No.
7, Austra l ian  Government Publishing Service,  Canberra, 350  pp.

62. D a v i s ,  J . C .  1 9 7 5 .  M i n i m a l  D isso lved  Oxygen Requirements o f
Aquatic L i f e  w i t h  Emphasis on Canadian Species: A  Review. I n :  J .
Fish. R e s .  Board Can.,  Vo l .  3 2 ( 1 2 ) ,  pp.  2295-2332.

63. Downing,  K.M. and J . C .  Merkens. 1 9 5 5 .  T h e  In f luence  o f  Dissolved
Oxygen Concentrations o n  t h e  To x i c i t y  o f  Un- ion ized  Ammonia t o
Rainbow Tr o u t  (Sa lmo  g a i r d n e r i i  Richardson) .  A n n .  A p p l .  B i o l .
43:243-246.

64. L l o y d ,  R .  a n d  D.W.M. H e r b e r t .  1 9 6 9 .  T h e  I n f l u e n c e  o f  Carbon
Dioxide o n  t h e  To x i c i t y  o f  Un- ion ized  Ammonia t o  Rainbow Tr o u t
(Salmo ga i rdner i i  Richardson). A n n .  Appl .  B i o l .  48:399-404.

71 6 5 .  R e k s t e n ,  D . E .  S e n i o r  Hydro logica l  E n g i n e e r,  Wa t e r  Management
Branch. Kemano  Completion Report  Review, Sur face  Water Sect ion .
Memorandum t o  J . D . C .  F u l l e r ,  Water  Management Branch. A u g u s t  9 ,

7  1 9 8 4 .
66. E n v i r o c o n  L t d . ,  1 9 8 4 .  E n v i r o n m e n t a l  S tud ies  Associated With  The

Proposed Kemano Completion Hydroelectr ic  Development. Vo l u m e  1 7 .
Nanika-Kidprice Assessment A r e a  Environmental I m p a c t  Assessment.
Prepared f o r :  Aluminum Company o f  Canada L td .



66

67. B o d a l y,  R . A .  a n d  R . E .  Hecky.  1 9 8 2 .  T h e  P o t e n t i a l  F o r  Mercury
Accumulation I n  Fish Muscle As A Result  Of  The Proposed Peace River
S i te  C  Reservoir.  Submission t o  B.C.  U t i l i t i e s  Commission, Peace
River S i t e  C Hearings, Vancouver, B r i t i s h  Columbia.

68. B o d a l y,  R . A . ,  R . E .  Hecky,  a n d  R . J . P.  Fudge.  1 9 8 4 .  I n c r e a s e  I n
Fish Mercury L e v e l s  I n  Lakes  F looded B y  T h e  C h u r c h i l l  R i v e r
D ivers ion ,  N o r t h e r n  M a n i t o b a .  C a n .  J .  F i s h .  A q u a t .  S c i .
41:682-691.

69. Environment Canada. 1 9 7 6 .  M e r c u r y  i n  t h e  A t l a n t i c  Provinces.
Env i ronmenta l  P r o t e c t i o n  S e r v i c e ,  S u r v e i l l a n c e  R e p o r t
EPS-5-AR-77-10.

70. S h e r b i n ,  I . G .  1 9 7 9 .  M e r c u r y  i n  t h e  Canadian Environment.
Environmental Protect ion Service, Report EPS 3 -EC-79-6 .  O t t a w a .

71. R e e d e r ,  S . W. ,  A .  Demayo, a n d  M.C.  Ta y l o r .  1 9 7 9 .  M e r c u r y .  I n :
Guidelines f o r  Surface Water Q u a l i t y.  Vo l .  1 ,  I n o r g a n i c  Chemical
Substances. I n l a n d  Waters Directorate ,  Environment Canada, Ottawa,
16 pp.

72. O s t r o f s k y,  M.L.  1 9 7 8 .  T r o p h i c  Changes I n  Reservoirs; A  Hypothesis
Using Phosphorus Budget Models.  I n t .  R e v.  Gesamten Hydrobio l .
64(4):481-499.

73. Maystrenko,  Y. G .  and  A . I .  Denisova. 1 9 7 2 .  M e t h o d  o f  Forecasting
the Content o f  Organic  and  Biogenic Substances i n  t h e  Water  o f
Existing a n d  P lanned  Reservo i rs .  S o v .  H y d r o l .  S e l e c t .  P a p .
6:515-540.

74. D u t h i e ,  H . C .  and  M.L .  Ost ro fsky.  1 9 7 5 .  Env i ronmenta l  Impact  o f
the Churchi l l  F a l l s  Hydroelectr ic  Development. P r o c .  Amer. Power
Cont. 3 4 : 8 0 1 - 8 0 9 .

75. P o l l u t i o n  Control Objectives f o r  Municipal Type Waste Discharges i n
Br i t ish  Columbia. 1 9 7 9 .  P o l l u t i o n  Control Board.

76. C u l l e n ,  D .H .  and P. E .  Be l l i veau .  W a t e r  Qua l i ty  Objectives Se t t ing
in  an  In ternat iona l  M i l i e u .  I n :  Proceedings o f  t h e  Water Q u a l i t y
Workshop, May 14-16 ,  1980,  P lace  Vincent Massey, H u l l ,  Quebec.

77. R e e d e r ,  S .W.  1 9 7 9 .  P r e a m b l e .  I n :  Guidel ines f o r  Surface Water
Qual i ty.  V o l .  1 ,  I n o r g a n i c  Chemical Substances. I n l a n d  Waters
Directorate, Environment Canada, Ottawa. 2 1  p p .

78. S i g m a  Environmental Consultants L t d . ,  1 9 8 3 .  S u m m a r y  o f  Water
Quality C r i t e r i a  f o r  Salmonid H a t c h e r i e s .  P r e p a r e d  f o r  t h e
Department o f  F isher ies and Oceans. R e p o r t  8067.

f l

r - i



Pr u r  a r  t o .  o r •  - O r
v  -
et S . ,  I P  i  I

1 . '   \

I N
Ar ,  ?s .  .  ‘  P r o v i n c e  of Mesh Columbia

t , , . . . i , 4 . .  ,
Pr

f )  " "  tfliz4.1610v4
.1 p , . .

 I :  ,  •  1  1  } 1 ;
4  i  \  • I  F i g u r e  1 :

.\. . . - .  1 ; N  -1 d i  '  T h e  Bulkley River  Basin
)

/  1.ti t  'I   t o f  B r i t i s h  Columbia
rt 1 s '  4 "

• tA \
1 •  ,  1 .

4.00...f ,  •  •
• /  . 1  4::..rs t w . . .r f

I t  c  I

N ' 4.. coo .*:..r 7.1°.43 i . '  « o r  f :  !ow. .  -
,.. : 7 1 7 , 0 1 0 4  i

%.

• •  410.4 w a  •  V I  ,  IP .!.40 bor.
h  I

fte i
-.......t.z. 1  . . . .  )

....N.. •••••••0. v  v  *  •  I1.0".. \,..e\,..> ,  _...••x. v.; • , 1 1
k „,.--7,- ,  Ir. 1  `..... ,0•7P..f WOW

N., 04,(ssir. ‘  ,  tsa14.....,
▪ •

........H; , . . . . . . . •
•flo .1 t . : 1 1Of N , .

e Po''''...".... f

'‘......-0--....4.1gr ..... 1  ‘  *
.000*

4 . i f . i s s i ;



68

1000
900
800
700
600
500

400

300

200

150

100
90
80
70
60Sre•• 5 0

•  4 0

30

20

15

I0

\  Maximum Natural
Monthly Flow

)Co Maximum Monthly
Flow with Kemano
Completion

Minimum Monthly
u Flow with Kemano

Complet ion
Minimum Natural
Monthly Flow

Jan. F e b .  M a r .  A p r.  M a y  June Ju ly  A u g .  Sep t .  Oct. N o v .  D e c .

MONTH

Figure 2  . Monthly Flows, Morice River at Morice Lake Outlet, Gouge Station
08ED002, 1962-1981 (data from Envirocon, 1983).
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TABLE 1

LOW FLOW ESTIMATES, BULKLEY RIVER BASIN, NOVEMBER TO APRIL
MINIMUM 7 -DAY AVERAGE DAILY DISCHARGE

Stream S i t e
Drainage

Area (km2)
Recurrence

Mean Year ( m ' / s )
Interval
10-Year (ms/s)

Bulkley R. above Morice R.
near Houston (gauged s ta t ion
08EE003) 1 740 0.5 0.1

Morice R.  a t  mouth

Bulkley R. immediately down-
stream o f  the  junct ion wi th
the Morice R.

Bulkely R. near  Quick
(gauged s ta t ion  08EE004)

4 270

6 010

7 360

11.0

11.5

22.8

7.4

7.5

13.7

Bulkley R. a t  Smithers

Goathorn Cr.  a t  mouth
(gauged s ta t ion  08EE008)

Telkwa R.  below Goathorn C r.
(at mouth)

9 000

132

1 210

24

- -

5.0

15

0.53

3.2

from 0bedkoff(7)

7

1 - 1



r

Reach

.

Licensed
m' /s

Withdrawals
m' /d m' /y

Source t o  Mor ice R.
.

0.00061 52.36 19 084
Morice R.  t o  gauge a t  Qu ick 0.07213 3 117.00 187 680
Quick gauge t o  Telkwa R. 0.02602 1 128 .10 80 572
Telkwa R.  t o  Canyon C r. 0.12012 5 649.63 634 250
Canyon C r.  t o  Skeena R. 0.0 0.0 0.0

Reach Licensed
e / s

Withdrawals
m ' id ms/y

Source t o  Mor ice R.
(+) Mor ice  R.  t o  gauge
at Quick

(+) Qu ick  gauge t o

0.00061

0.07274 3

52.36

169.36

19

206

084

764

Telkwa R.
(+) Te lkwa R. t o

0.09876 4 297.46 277 336

Canyon C r. 0.21888 9 947.09 911 592
(+) Canyon C r.  t o  Skeena R. 0.21888 9 947.09 911 592

License Quant i ty Use Licensee and Loca t ion

FL 42594 3x10 -se / s Domestic L.& J .  Matson.  L3530,  n o r t h  bank
2.3 ms/d water supp l y of  t h e  B u l k l e y  R.  a t  Rose Lake
830 m ' / y

CL 39659 3x10-5e /s Domestic A. Str imbold.  L 3 3 8 9 ,  south bank
2.3 m ' / d water s u p p l y o f  t h e  B u l k l e y  R i v e r  a t  Fo res tda le
830 r e / y

CL 39089 3x10-seis Domestic J.P.R.  Johnson,  L3509,  s o u t h  bank
2.3 m ' /d water supply of t h e  B u l k l e y  R.  a t  Fores tda le
830 m ' / y

CL 55785 1.05x10- ' 1 0 / s I n d u s t r i a l Teniers E n t e r p r i s e s  L t d .
( 1 ) , ( 2 ) ,
( 3 ) , ( 4 )

90.9 m ' i d
33 186 m l / y

I n d u s t r i a l  Water  Hau l i ng .  D r a w s
water f rom 4  l o c t i o n s :  ( 1 )  upstream
Houston, ( 2 )  upstream o f  Mor ice
j u n c t i o n ,  ( 3 )  downstream o f  Telkwa
j u n c t i o n ,  ( 4 )  downstream o f
Smithers B r i d g e .

r
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TABLE 2
LICENSED WATER WITHDRAWALS FROM THE BULKLEY RIVER:

A SUMMARY BY REACH

TABLE 3
LICENSED WATER WITHDRAWALS FROM THE BULKLEY RIVER,

CUMULATIVE TOTALS PROCEEDING DOWNSTREAM

TABLE 4
LICENSED WATER USE ON THE BULKLEY RIVER

. .cont inued
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License Quantity Use Licensee and Location

6000004
(appli-
cation)
CL50318

0368534
(appli-
cation)
CL38578

7.1x10-2 ms/s
3084.5 m'/d
185 000 m' /y
7.3x10-4 m ' / s
32.5 m' /d
2680 m' /y
1.4x10-2 m' /s
617.8 m'/d
37020 ms/y
9 . 5 x 1 0 - W / s
410.4 e / d
24 680 ms/y

I r r iga t ion*

I r r iga t ion*
and domestic
water supply
I r r iga t ion*

I r r iga t ion*

.

E.R. and W. Jaarsma. S e c t i o n  712,
north bank o f  Bulkley R.  a t  Bar re t t

D.& B.  G i l l e s p i e .  L 2 1 2 5 ,  south
bank o f  the  Bulkley R. a t  Puick

K.& H. Hodson e t  a l .  Section 3 .
north bank o f  t h e  Bulkley R.  a t
Quick
E.S. E l l i s .  S e c t i o n  19 ,  nor th  bank
of the  Bulkley R. a t  Hubert

0367477
(appl i -
cation)
CL 38315

CL 52518

CL 51771

CL 54985

3.5x10-5 m ' / s
2.3 m' /d
880 m'/y
1.4x10" e / s
60.5 mlid
3702 m ' iy r
3x10-5 ms/s
2.3 ms/d
830 m' /y
7.3x10-4 110/s
32.5 r e / d
2680 m' /y
3x10-5 m' /s
2.3 ms/d
830 m' /y

Domestic
water supply

I r r iga t ion*

Domestic
water supply

I r r iga t ion*
and domestic
water
Domestic
water supply

R. &  S.  Baval is
Lot 9

L.E. Wakefield
Lot 1 0

B. &  W. Pa is ley
Lot 7

W. Stubbs
Lot 6

P.F. Ezinga
Lot 5

_

Section 26 ,
north bank o f
the Bulkley R.
S.E. o f  Telkwa

CL 43264

CL 39560

CL 36881

CL 50316

FL38715

6000001
(appli-
cation)

1.05x10-2 m ' /s
909 10/d
3.32x105 m ' / y
7.14x10-2 m ' / s
3085 m' /d
1.85x10510/y
1x10-4 m' /s
9.1 ms/d
3322 m' /y
1.2x10-2 m ' /s
514 e i d
3.1x104 m ' / y
2.4x10-2 ml /s
1028 r e / d
6.2x104 r e / y
1.9x10-' m ' /s
82.1 m ' / d
4936 ms/y

Community
waterworks

I r r iga t ion*

Domestic
water supply

I r r iga t ion*

I r r iga t ion*

I r r iga t ion*

Corporation o f  t h e  V i l l a g e  o f
Telkwa. B u l k l e y  R.  a t  t h e  mouth o f
the Telkwa R.
J. Gr ieder.  S e c t i o n  F,  e a s t  bank
of the  Bulkley R.  between Telkwa
and Smithers
Pika Tr a i l e r  Court.  S e c t i o n  17
east bank o f  the  Bulkley R . ,  2  km
upstream o f  the  bridge a t  Smithers
J. Zust .  S e c t i o n  29 ,  e a s t  bank
the Bulkley R. downstream o f  the
bridge a t  Smithers
Bob's Welding and Machine Works
Ltd. 3  s i tes  a l l  on the  west bank
of the  Bulkley R.
H. & T.  Zandberg. L o t  74 ,  Section
31 on  the  north bank o f  t h e  Bulkley
R. opposite the  Riverside Park i n
Smithers

TABLE 4  (Continued)

1 , 1

^-1

* I r r iga t ion  l i c e n s e s  a r e  i s s u e d  i n  a c r e - f e e t  a n d  converted t o  m ' / s  b y
assuming 2  months o f  operation,  1 2  hours a  day i n  the  summer months.
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TABLE 5

BULKLEY RIVER, SUMMARY OF LICENSED WATER USE BY REACH

Permit Holder
Permit
Number Discharges To

Discharge
Rate

Type o f
Discharge

Equity S i l v e r PE 4477 Foxy C r.  and 19 500 m3/d waste from a  s i l v e r
Mine L td . Bessemer C r . to t a i l i n g s

pond
mine/mill complex

D is t r i c t  o f PE 287 Bulkley R. 1 5 5 0  m3/d treated sewage
Houston average ef f luent

Town o f  Smithers PE 373 Bulkley R. 4 200 m3/d
average

treated sewage
eff luent

10 800 m3/d
maximum

Diffuse Sources:
Regional D i s t .  o f
Bulkley Nechako PR 3782 ground, a t 5.4 m3/week re fuse ,  l a n d f i l l

Per ow
PR 2270 ground, a t 563 m3/d re fuse ,  l a n d f i l l

Telkwa
PR 2687 ground, a t 30 m3/d re fuse ,  l a n d f i l l

Houston

r

Reach Licensed Use ( inc lud ing  appl icat ions)

Headwaters t o  the Morice River

Morice River  t o  the  Telkwa River

Telkwa River t o  Smithers

Smithers t o  Hazelton

domestic ( 3  l i censes) ,  i n d u s t r i a l
(1 l i c e n s e  wi th  2  withdrawals)

i r r iga t ion  ( 6  l i censes ) ,  domestic
(3 l icenses)

waterworks ( 1  l i c e n s e ) ,  domestic
(1 l i c e n s e ) ,  i r r i g a t i o n  ( 4  l i censes) ,
industr ia l  ( 1  l i c e n s e  w i th  2  w i th -
drawals)

-  none -

TABLE 6

SUMMARY OF PERMITTED EFFLUENT DISCHARGES
BULKLEY RIVER DRAINAGE BASIN
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TABLE 7

MINIMUM DILUTION RATIOS FOR THE SEWAGE EFFLUENT DISCHARGES
IN THE BULKLEY RIVER BASIN

Permit
Holder

Permit
Number

r .

Discharges
To

.
Permitted
Discharge

m3/d

Maximum
Actual

Discharge
m3/d

River Low
Flow Estimate

m'/s

Minimum
Dilution

Ratio

J
Dis t r ic t  o f PE 287 Bulkley R. 1550 o r  <10% 1859 0.1(1) 10:1(2)
Houston of r i v e r 5.6:1(1),7.;

flow 4 . 6 : 1 " )

Town o f PE 373 Bulkley R. a) Pre-Kemano Completion
Smithers 4200 average NA,assume 12.1 9r ,1.0x106 249:1 Jcompliance m3/d61

10800 max. NA,assume 12.1 o r 97:1
compliance

,1.0x106
m3/d6)

b) Post-Kemano Completion 01
4200 average 13.9 or  1.2x106 286:1

3 / d )
10800 max. 13.9 oc,1.2x106 111:1

m3/dkO)
4200 average 32.1 o r  2.8x106 667:1

m3 / d ( )
10800 max. 32.1 9r,2 .8x106 259:1 r

e i d ‘ 7 1
i

(1) t1..........1%.,... Mn Artnil mirt4matm 7-A7ar nuatinnmn Ani l  l  AinAhnnerin i n  ,,,,..... .4-....,-, rsnle.inA

1-1

2)
(3)

(4)

(5)
(6)

(7)

Assumes permit  compliance; 10:1  i s  the  minimum d i l u t i o n  al lowed.
Assume maximum permi t ted  discharge t o  Bu lk ley  R .  l o w  f l o w ,  w i t h o u t  us ing  treatment p l a n ,

storage capacity t o  avoid exceeding the minimum d i l u t i o n  ( 1 0 : 1 )  required by permit .
Assume maximum a c t u a l  discharge t o  Bu lk ley  R i v e r  l o w  f l o w ,  w i t h o u t  us ing  treatment p lan/7

storage capacity t o  avoid exceeding the minimum d i l u t i o n  ( 1 0 : 1 )  required by permit .
Natural minimum mean monthly low f l o w,  pre-Kemano-Completion.

Predicted minimum B u l k l e y  R i v e r  l o w  f l o w  ( F e b r u a r y ,  A l c a n ' s  d a t a ) ,  post-Kemanc-^+
Completion.

Predicted average Bulkley River low f low (March, Alcan 's  da ta ) ,  post-Kemano-Completion.
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TABLE 8

SUMMARY OF PERMITTED LEVELS OF CHARACTERISTICS AND LOADINGS
FOR THE EQUITY MINE (PE 4475)

Permit Cond i t i ons

Level
or Concent ra t ion

Present and Fu tu re
(kg /d ) ,  t o :

Bessemer C r .
Minimum Maximum

Loadings

Foxy C r .
MaximumCharac te r i s t i c

Discharge Flow Rate
(m3/d)
-  t o  Bessemer C r . 17 000 average - - -

170 000 maximum - - _
-  t o  Foxy C r. 6 000 maximum - - -

(1:5 minimum
d i l u t i o n )

Aluminum, D isso lved 0.5 m g / L 8.5 85 3
Antimony, D isso lved 0.05 mg/L 0.85 8.5 0.3
Arsenic ,  D isso lved 0.05 mg/L 0.85 8.5 0.3
Copper ,  D isso lved 0.05 mg/L 0.85 8.5 0.3
I ron  ,  D isso lved 0.3 m g / L 5.1 51 1.8
Lead ,  D isso lved 0.05 mg/L 0.85 8.5 0.3
Zinc ,  D isso lved 0.5 m g / L 8.5 85 3

Methylene B lue  A c t i v e
Substances 1.0 m g / L 17 170 6

NO2/NO3 N i t r ogen 20.0 m g / L 340 3 400 120
Oi l  and Grease 15.0 m g / L 255 2 550 90
pH 6.5-8.5 - - -
Suspended S o l i d s 50.0 m g / L 850 8 500 300
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TABLE 9

EFFLUENT MONITORING RESULTS, HOUSTON SEWAGE TREATMENT PLANT,
JANUARY 1972 TO DECEMBER 1983

Site Number
Houston Sewage Treatment P lant

PE 287

Characteristic Units Max. Min. I Mean N Permit Limits

BOD5 mg/L 88
.

5 22
.

67 545
Chloride ,  To t a l mg/L 10 0 3.5 705
Chlorine ,  Residual mg/L 1.5 0 0.2 2085 0.1-1.0
Conductivity, Spec i f ic uS/cm 907 587 741 26
Coliforms, Fecal MPN/100 mL 92 000 0 83 48 -  -

, Tota l MPN/100 mL - - - - 40 000
Flow m3/d 1 859 9 885 2066 1 5 5 0  or  10% o f

r iver  f low
Nitrogen-Ammonia, To t a l mg/L 16.8 11.1 13.3 4

-N i t ra te ,  D iss . mg/L 0.64 0.24 0.43 5
- N i t r i t e ,  D iss . mg/L 0.561 0.039 0.250 5

Phosphorus-Ortho, D iss . mg/L 3.48 2.95 3.22 3
- Tota l mg/L 6.88 3.42 4.41 4

pH 8.7 6.5 7.5 993
Solids, ,  Suspended mg/L 75 2 25.4 71 540

, Dissolved mg/L 362 330 350.7 3
, To ta l mg/L 514 324 423 28

* Geometr ic  mean
** Expressed as t o t a l  conforms
Data from Ministry  o f  Environment's data bank, EQUIS
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TABLE 10

SUMMARY OF PERMITTED AND PRESENT WASTE LOADINGS FOR THE
SEWAGE TREATMENT PLANT AT HOUSTON (PE 287)

Permit Conditions
, . . -

Present Conditions

Average
Level o r Loading Maximum Level Maximum Present Present

Characterist ic Concentration (kg/d) or Dai ly Loadings' Dai ly
Concentration (kg/d) Loadings2

(kg/d)

Flow 1 550  m' /d - 1 859  ms/d - -
BODs 45 mg/L 70 88 mg/L 164 34
Chlorine,

Residual 0 .1 -1 .0  mg/L 0.2-1 .6 1.5 mg/L 2.8 0.3
Nitrogen,

Ammonia NS - 16.8 mg/L 31.2 20.6
Ni trate NS - 0.64 mg/L 1.2 0.7
N i t r i t e NS - 0.561 mg/L 1.0 0.4

Solids,
Suspended 40 62 75 mg/L 140 39.4

7FR

7

571

NS -  not  speci f ied
1 Maximum concentration times maximum f low;  a  maximum estimate o f  loadings
2 Average concentration times permitted f low
Note: No phosphorus loadings have been calculated as t h e  data  a r e  few

(n=3-4) and o ld  (1974-1976)
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TABLE 11

THE EFFECT OF THE SEWAGE TREATMENT PLANT AT HOUSTON ON
BULKLEY RIVER WATER QUALITY

Incremental E f fec t  on
Water Qual i ty  a t  L9w

Theoretical Permitted
Maximum

Bulkley River
Flows:

1 W o r s t  Case
(Estimate)

Characterist ic

Eff luent D i l u t i o n 10:1' - 2

Chlorine ,  Residual 0.1 mg/L 0.15 mg/L'
Coliforms, Fecal 4000/100 mL ( To t a l ) 9 200/100 mL'
Nitrogen ,  Ammonia,

Total NS 1.7 mg/L'
, N i t r a t e ,

Dissolved NS 0.064 mg/L2
, N i t r i t e ,

Dissolved NS 0.056 mg/L2
Solids ,  Suspended 4 mg/L 7.5 mg/L'

..-
NS -  not  speci f ied

Assume p e r m i t  compl iance ,  w i t h  s t o r a g e  o f  e f f l u e n t  i n  lagoons
when a  minimum d i l u t i o n  o f  1 0 : 1  i n  t h e  B u l k l e y  R i v e r  cannot  b e
met.

2 T h e r e  i s  n o  complete record  o f  Bu lk ley  R i v e r  l o w  f l o w s ,  t h e r e f o r e
the worse case d i l u t i o n  o f  e f f l u e n t  cannot be calculated.

3 Maximum recorded  e f f l u e n t  c o n c e n t r a t i o n  t h e  minimum p e r m i t t e d
eff luent  d i l u t i o n . r r

" I n



TABLE 1 2

Character is t ic  U n i t s Nov. 2 8 / 8 3 Nov. 3 0 / 8 3

Smithers Sewage

Jan. 3 / 8 4

Treatment P l a n t

Feb. 2 8 / 8 4

(PE 373)

April 3 / 8 4 April 11 / 8 4 May 8 / 8 4
Permit
Limit

BON m g / L <10 12 <10 18.0 12.0 12 22.0 545
Carbon, To t a l  Organic m g / L - - 15 - - - - - - 24 - - NS

. To t a l  Inorganic  m g / L - - 62 - - - - - - 74 - - NS
COD m g / L - - 54 - - - - - - 72 - - NS
Coliforms, Feca l  M P N / 1 0 0  mL - - 5200 - - - - - - 9000 - - NS

Total  M P N / 1 0 0  mL - - 52000 - - - - - - 56000 - - NS
Flow m ' / d - - 1523 1814, 1534 2023 1863 - - 4200 a v g .

(Nov. a v g .  -  1724 (Jan. a v g . (Feb. a v g . (Apri l  avg . 2147 10800 max.
max. -  1943) - 1686 - 1782 max. 6 2 1 7 )

max. -  2432) max. -  2349)
Nitrogen, NH,/NH, m g / L - - 14.6 - - - - - - 16.7 - - NS

, NO,/NO, m g / L - - 0.81 - - - - - - 0 .02 - - NS
, KJeletahl m g / L - - 17.6 - - - - - - 21.2 - - NS

OM 7.3 7.9 7.1 7.1 7.5 7.7 7.6 NSPhosphorus, To t a l  m g / L - - 3.36 - - - - - - 3.86 - - NS
Solids ,  To t a l  Suspended m g / L 14.0 16 9.5 20.0 10.0 13 38.5 560

. To t a l  Dissolved m g / L - - 328 - - - - - - 421 - - NS
Specif ic  Conductance p S / c m - - 629 - - - - - - 775 - - KS

EFFLUENT MONITORING RESULTS, SMITICERS SEWAGE TREATMENT PLANT (PE 3 7 3 ) ,
THE NEW FACILITY,  NOVEMBER 1983 TO MAY 1984

' average o f  3  consecutive days
NS n o t  s p e c i f i e d
Data from M i n i s t r y  o f  Environment and t h e  permi t tee

co
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TABLE 13

Site Number
Smithers Sewage Treatment P lant

PE 373

Characteristic U n i t s Max. I M in . Mean N

Nitrogen -  t o t a l  m g / L
(Kjel +  NO2/N00

21.2 16.1 17.7 6

Phosphorus -  t o t a l  m g / L 4.2 3.4 3.6 5

EFFLUENT MONITORING RESULTS, SMITHERS SEWAGE TREATMENT PLANT,
DATA FROM BOTH THE OLD AND NEW FACILITIES

JANUARY 1975 TO NOVEMBER 1983



- - 3

Permit Condit ions Present Condit ions

Projected
Loadings
for  1993

(kg /d ) '

Incremental E f f e c t

1983 Loadings

on Bulkley
Flow`; Based

Projected
1993 Loadings

River Water  Q u a l i t y  A t  Low
On. . .

Permitted Va r i a b l e  Concentration
and E f f l u e n t  F low

Character ist ic
Level

or Concentrat ion
Loading

kg/d

'

Maximum
Level o r

Concentration'

Maximum
Present
Dai ly
Loading
(kg/d)

Flow 4 200  m' /d average
10 800  mi/d maximum

- 6 217 m ' / d
(Apr i l  11 / 8 4 )

- 6 217  t o
8 038  m' /d

- - -

BOO, 545 mg/L 189 average
486 maximum

22 mg/L
(May 8 / 8 4 )

137' 137 t o  177 0.106 mg/L 0.106 t o
0.137 mE/L

0.146 ( f rom  average permit ted
e f f l u e n t  f l o w )  t o  0 . 3 7 5  mg/L
(from maximum permit ted e f f l u e n t
f low)

Suspended
Solids

560 mg/L 252 average
648 maximum

38.5 mg/L
(May 8 / 8 4 )

239' 239 t o  309 0.184 mg/L 0.184 t o
0.238 mg/L

0.194 ( f r o m  average permitted
e f f l u e n t  f l o w )  t o  0 . 5 0  mg/L
from maximum permi t ted  e f f l u e n t
f low)

Nitrogen,
Total

-NS- - 21.2 mg/L
(Apr i l  11 / 8 4 )

132' 132 t o  171 0.019 mg/L 0.019 t o
0.025 mg/L

0.013 ( f r o m  average permitted
e f f l u e n t  f l o w )  t o  0 . 0 3 3  mg/L
(from maximum permit ted e f f l u e n t
f low)

Phosphorus,
Total

-NS- - 4.2 mg/L
(July 6 / 7 8 )

10' 10 t o  1 3 0.001 mg/L 0.001 t o
0.002 mg/L

0.003 ( f rom average permit ted
e f f l u e n t  f l o w )  t o  0 .007  mg/L
from maximum permi t ted  e f f l u e n t
f low)

Coliforms.
Fecal

-NS- - 9000/100 mL - - 43/100 mL - -

TABLE 14

SUMMARY OF WASTE LOADINGS AND THEORETICAL EFFECT ON BULKLEY RIVER WATER QUALITY FROM
THE SEWAGE TREATMENT PLANT AT  SMITHERS (PE 373)

'Flow, BOD,,  suspended s o l i d s ,  a n d  f e c a l  c o l i f o r m  d a t a  f rom new sewage t rea tment  f a c i l i t y  (November o f  1983  t o  t h e  p r e s e n t ) ;  d a t a  f o r  o t h e r  v a r i a b l e s
taken from complete h i s t o r i c a l  record  (1975 -1984 ) .

'Assume populat ion growth between 0 - 2  1 /2% p e r  y e a r  f r o m  t h e  1981 ( c e n s u s )  popu la t ion  o f  4  5 7 0 ;  maximum 1983  popula t ion  o f  4  8 2 0 .  1 9 9 3  populat ion o f
6 232.

'Based on maximum recorded concentrat ion and maximum recorded e f f l u e n t  f l o w .
'Low f l o w,  f o r  ( I )  BOD, and suspended s o l i d s ,  used 1  i n  1 0  y e a r.  minimum (November) l o w  f low o f  1 5  m ' / s .

( i i )  nu t r ien ts  ( n i t r o g e n  and phosphorus), used minimum average September f l o w  o f  80  m ' / s .
NS -  Not s p e c i f i e d .
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TABLE 15

DATA FROM SAMPLING SITES NEAR PEROW REFUSE DUMP,
(PR 3782),  1976-1978

Characteristic Units Max. Min. Mean N

Chloride ,  Dissolved mg/L 2.2 1.8 2.0 2
Coliforms ,  To ta l MPN/100 mL 540 130 265* 2
Copper ,  To t a l mg/L <0.001 <0.001 <0.001 2
Iron ,  To ta l mg/L 0.2 <0.1 <0.15 2
Lead ,  To t a l mg/L <0.001 <0.001 <0.001 2
Nitrogen ,Ammonia, To t a l mg/L <0.005 <0.005 <0.005 1
N i t r a t e / N i t r i t e ,  D iss . mg/L <0.02 <0.02 <0.02 2
Kjeldahl ,  To ta l mg/L 0.76 0.49 0.63 2
Total mg/L 0.76 0.49 0.63 2

Phosphorus, Ortho Diss. mg/L 0.042 0.042 0.042 1
, To t a l  Diss. mg/L 0.049 0.049 0.049 1
, To t a l mg/L 0.05 0.039 0.045 2

PH 7.7 7.4 7.5 2
Solids ,  Dissolved mg/L 161 161 161 1

, Suspended mg/L 1 1 1 1
Zinc ,  To ta l mg/L <0.005 <0.005 <0.005 2

Chloride ,  Dissolved mg/L 2.3 1.3 1.8 2
Coliforms ,  To t a l MPN/100 mL 220 41 95 * 2

, Fecal MPN/100 mL 27 22 24* 2
Copper ,  To ta l mg/L 0.002 <0.001 <0.0015 2
Hardness ,  To t a l mg/L 115 115 115 1
Iron ,  To t a l mg/L 0.1 0.1 0.1 1
Lead ,  To t a l mg/L <0.001 <0.001 <0.001 2
Nitrogen ,  Ammonia,Total mg/L 0.019 0.019 0.019 1
N i t r a t e / N i t r i t e ,  D iss . mg/L <0.02 <0.02 <0.02 2
Kjeldahl, To t a l mg/L 0.95 0.68 0.82 2
Total mg/L 0.95 0.68 0.82 2

Phosphorus, Ortho, D iss . mg/L 0.104 0.104 0.104 1
Tota l ,  Dissolved mg/L 0.115 0.115 0.115 1
Total mg/L 0.233 0.049 0.135 3

pH 7.7 7.3 7.5 2
Solids ,  Dissolved mg/L 169 145 157 2

, Suspended mg/L 37 1 19 2
Zinc ,  To t a l mg/L 0.014 <0.005 <0.009 2

Site 0400593: North Culvert (about 15  m north o f  access road)

Site 0400594: South Culvert (about 50  m south o f access road)

..continued
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TABLE 15 (Continued)

Site 0400595: Refuse S i t e  South

Characteristic Units Max. Min. Mean N

Calcium ,  Dissolved mg/L 37.7 37.7 37.7 1
Hardness ,  To t a l mg/L 124 124 124 1
Magnesium ,  Dissolved mg/L 7.2 7.2 7.2 1
Phosphorus, To t a l mg/L 0.093 0.093 0.093 1
Solids ,  Dissolved mg/L 199 199 199 1

, Suspended mg/L 1 1 1 1

Site 0400807: Byman Creek Downstream a t  Perow Loop

Chloride ,  Dissolved mg/L 0.7 0.6 0.65 2
Coliforms ,  To t a l MPN/100 mL 110 <2 15* 2
Copper ,  To t a l mg/ L 0.004 0.001 0.003 2
Iron T o t a l mg/ L 3.2 0.2 1.7 2
Lead ,  To t a l mg/L <0.001 <0.001 <0.001 2
Nitrogen ,  Ammonia,Total mg/L 0.18 0.18 0.18 1
N i t r a t e / N i t r i t e ,  D iss . mg/ L 0.02 <0.02 <0.02 2
Kjeldahl ,  To t a l mg/L 0.56 0.2 0.38 2
Total mg/L 0.58 0.2 0.39 2

Phosphorus, Ortho,  D iss . mg/L 0.014 0.014 0.014 1
Total Dissolved mg/L 0.021 0.021 0.021 1
Total mg/ L 0.106 0.006 0.056 2

Solids ,  Dissolved mg/L 91 91 91 1
, Suspended mg/L 75 75 75 1

Zinc ,  To t a l mg/ L <0.005 <0.005 <0.005 1

* Geometric mean
Data from Minist ry  o f  Environment's data  bank, EQUIS
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Charac te r i s t i c Uni ts N Max. Min. Mean
A l k a l i n i t y ,  To t a l mg/L 4 37.8 28 34
Cadmium ,  To t a l mg/L 1 <0.005 <0.005 <0.005
Calcium ,  D isso lved mg/L 6 9.1 6.6 8.0
Carbon ,  To t a l mg/L 3 9 5 6.7

, To t a l  Organic mg/L 4 15 9 12
Chromium ,  D isso lved mg/L 2 <0.005 <0.005 <0.005

, To t a l mg/L 3 <0.005 <0.005 <0.005
Chlor ide ,  D isso lved mg/L 4 2.1 0.7 1.1
Col i forms ,  Feca l MPN/100 mL 1 17 17 17

, To t a l MPN/100 mL 1 140 140 140
Color ,  True TCU 4 60 30 43

, TAC TAC 5 50 22 34
Copper ,  D isso lved mg/L 2 0.015 0.002 0.009

, To t a l mg/L 3 0.005 0.001 0.003
Hardness ,  D isso lved mg/L 6 37 25.9 32.3
I ron  ,  D isso lved mg/L 2 0.22 <0.1 <0.16

, To t a l mg/L 3 0.6 0.3 0.5
Lead ,  D isso lved mg/L 2 <0.003 <0.001 *

, To t a l mg/L 3 0.005 <0.001 <0.003
Magnesium ,  D isso lved mg/L 5 3.3 2.3 2.9

, To t a l mg/L 3 3.3 2.4 2.9
Manganese ,  D isso lved mg/L 2 0.02 <0.02 <0.02

, To t a l mg/L 2 0.04 0.03 0.035
Mercury ,  D isso lved mg/L 2 0.00005 <0.00005 <0.00005

, To t a l mg/L 2 0.00005 <0.00005 <0.00005
Molybdenum, To t a l mg/L 2 <0.0005 <0.0005 <0.0005
Nickel ,  To t a l mg/L 2 <0.01 <0.01 <0.01
Nitrogen ,  Ammonia, To t a l mg/L 3 0.084 0.011 0.036
N i t r a t e / N i t r i t e ,  D i s s . mg/L 3 0.04 <0.02 0.03
Organic ,  To t a l mg/L 3 0.43 0.26 0.34
Kje ldah l  ,  To t a l mg/L 4 0.53 0.27 0.42
Tota l mg/L 3 0.45 0.27 0.39

Oxygen ,  D isso lved mg/L 3 8.7 6.8 8.1
pH 5 7.5 6.9 7.2
Phosphorus, O r t h o ,  D i s s . mg/L 2 0.015 0.015 0.015

, To t a l mg/L 6 0.06 0.024 0.037
Potassium ,  D isso lved mg/L 3 1.1 1 1.07
S i l i c a  ,  D isso lved mg/L 3 12.8 9.6 10.9
Sodium ,  D isso lved mg/L 4 2.6 2.1 2.3
Sol ids ,  D isso lved mg/L 4 74 70 72

, Suspended mg/L 5 13 4 6.4
Spec i f i c  C o n d u c t i v i t y pS/cm 9 165 60 88
Sulphate ,  D isso lved mg/L 3 <5 <5 <5
Sur fac tant ,  To t a l mg/L 1 <0.03 <0.03 <0.03
Tannin & L i g n i n ,  To t a l mg/L 1 0.7 0.7 0.7
Tu r b i d i t y NTU 6 9.2 1.7 4.3
Zinc ,  D isso lved mg/L 2 0.09 <0.005 0.048

, To t a l mg/L 3 0.013 <0.005 <0.009

TABLE 16

Bulkley River Water Qua l i ty,  S i t e  0400200, Downstream Bulkley Lake 1972-1976

Data f rom M i n i s t r y  o f  Envi ronment 's  da ta  bank,  EQUIS
* No de tec tab le  concent ra t ions  were measured f o r  t h i s  c h a r a c t e r i s t i c
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TABLE 17

Characteristic Units N Max. Min. Mean

Alka l in i t y,  To t a l mg/L 7 96.5 35.9 64.5
Cadmium ,  To t a l mg/L 1 <0.0005 <0.0005 <0.005
Calcium ,  Dissolved mg/L 8 24.2 8.8 15.7
Carbon ,  To t a l mg/L 5 21 8 14
Chromium ,  Dissolved mg/L 3 <0.0005 <0.0005 <0.0005

, To ta l mg/L 4 0.017 <0.005 <0.008
Chloride ,  Dissolved mg/L 7 1.1 <0.5 <0.9
Coliforms ,  Fecal MPN/100 mL 1 13 13 13

, To t a l MPN/100 mL 1 350 350 350
Color ,  True TCU 6 60 5 27

, TAC TAC 7 56 2 24
Copper ,  Dissolved mg/L 3 0.003 0.001 0.002

, To t a l mg/L 4 0.006 0.001 0.003
Hardness ,  Dissolved mg/L 8 92 34 58
Iron ,  Dissolved mg/L 3 0.33 <0.1 <0.21

, To t a l mg/L 4 2.5 0.3 1.3
Lead ,  Dissolved mg/L 3 <0.003 <0.001 *

, To t a l mg/L 4 0.005 <0.001 <0.002
Magnesium ,  Dissolved mg/L 7 6.4 2.0 4.0

, To ta l mg/L 3 5.8 3.3 4.8
Manganese ,  Dissolved mg/L 3 0.12 <0.02 <0.07

, To ta l mg/L 3 0.09 0.07 0.08
Mercury ,  Dissolved mg/L 3 0.00014 0.00005 0.00008

, To ta l mg/L 3 <0.00005 <0.00005 <0.00005
Molybdenum, To t a l mg/L 2 0.0007 <0.0005 <0.0006
Nickel ,  To t a l mg/L 2 <0.01 <0.01 <0.01
Nitrogen ,  Ammonia, To t a l mg/L 6 0.014 0.006 0.012

N i t r a t e / N i t r i t e ,  D iss . mg/L 6 0.07 <0.02 <0.03
Organic ,  To t a l mg/L 6 0.34 0.09 0.23
Kjeldahl ,  To t a l mg/L 6 0.35 0.20 0.28
Total mg/L 6 0.35 0.18 0.25

Oxygen ,  Dissolved mg/L 4 9.1 7 8.4
PH 6 7.7 7.5 7.6
Phosphorus, Ortho Diss. mg/L 4 0.009 <0.003 <0.0045

, To t a l mg/L 8 0.11 0.007 0.042
Potassium ,  Dissolved mg/L 5 1.2 0.4 0.9
Si l ica  ,  Dissolved mg/L 5 11.9 5.9 8.9
Sodium ,  Dissolved mg/L 6 5.2 2 3.4
Solids ,  Dissolved mg/L 6 112 50 87

. Suspended mg/L 6 60 2.3 26.4
Specific Conductivity pS/cm 10 215 70 133
Sulphate ,  Dissolved mg/L 5 <5 <5 <5
Tannin and Lignin.  To t a l mg/L 2 0.2 <0.1 <0.15
Temperature 0C 4 14 6 11.8
Turbidity NTU 8 24 1.5 8.9
Zinc ,  Dissolved mg/L 3 0.008 <0.005 <0.006

, To t a l mg/L 4 0.009 <0.005 <0.006

Bulkley River Water Qua l i t y,  S i t e  0400201, Upstream From Buck Creek (Houston)
1972-1976

*No detectable values were measured f o r  t h i s  charac te r is t i c
Data from Ministry  o f  Environment's data bank, EQUIS



TABLE 1 8

N
U/S 0400297
Max. Min. Mean N

SITE NUMBER
0/S 0400195
Max. M i n . Mean N

0/S 0400196
Max. M i n . MeanC h a r a c t e r i s t i c Un i ts

A l k a l i n i t y ,  To t a l mg/L

I _  Nr -.re -•-•taro -- rNiroLat...r r r r r r -•-•91N9 -.NINA) f9.11.0 ttlS.91.4 9 to .-91̀9.1

47 33.5 40.3 2 44.3 33.2 38.8 2 44.3 33.5 38.9
Cadmius .  D i s s o l v e d mg/L (0 .0005 <0.0005 <0.0005 I <0.0005 <0.005 <0.005 1 <0.005 <0.005 <0.005
Calcium ,  D i s s o l v e d mg/L 11.6 8.4 10.0 2 10.8 8.3 9.6 2 11 8.4 9.7
Carbon ,  To t a l  0 -gamic mg/L - - - - - - - 1 12 12 12
Ch lo r i ne  .  Res idua l mg/L 0 0 0 3 0 0 0 3 0 0 0
Chromium ,  D i s s o l v e d mg/L <0.005 <0.005 (0 .005 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 (0 .005
Confo rms .  F e c a l MPN/100 mL 70 8 27 ' 3 110 <20 <39' 4 79 2 20 '

. To t a l MPN/100 mL 350 33 80 ' 3 240 50 127' 4 240 23 89 '
Color  ,  True TCU 50 40 45 2 50 40 45 2 50 40 45

. TAC TAC 44 31 38 2 42 29 36 2 40 27 33.5
Copper ,  Dissolved mg/L 0.003 0.003 0.003 1 0.005 0.005 0.005 1 0.004 0.004 0.004
Hardness ,  D i sso l ved mg/L 44.2 32.5 38.4 2 41 31.8 36.4 2 41.5 32.1 36.8
I ron  ,  D i s s o l v e d mg/L 0.2 0.2 0.2 1 0.2 0.2 0.2 1 0.2 0.2 0.2
Lead ,  D i sso l ved mg/L <0.001 <0.001 <0.001 1 <0.001 (0.001 <0.001 1 <0.001 <0.001 <0.001
Magnesium ,  D i s s o l v e d mg/L 3.7 2.8 3.25 2 3.4 2.7 3.1 2 3.4 2.7 3.1
Manganese ,  D i sso l ved mg/L <0.02 <0.02 <0.02 1 <0.02 <0.02 <0.02 1 <0.02 <0.02 <0.02
Nickel  ,  D i s s o l v e d mg/L <0.1 <0.1 <0.1 1 0.01 0.01 0.01 1 <0.01 <0.01 <0.01
Ni t rogen ,  Ammonia. To t a l mg/L 0.038 0.007 0.017 4 0.068 0.01 0.03 4 0.052 0.007 0.023

N i t r a t e ,  D i s s . mg/L <0.02 <0.02 <0.02 4 0.3 <0.02 <0.09 4 <0.02 <0.02 <0.02
, N i t r i t e ,  D i s s . mg/L <0.005 <0.005 <0.005 4 0.007 <0.005 <0.006 4 <0.005 <0.005 (0.005
, O r g a n i c ,  To t a l mg/L 0.44 0.15 0.25 4 0.64 0.06 0.31 4 0.44 0.17 0.21
, K j e l d a h l ,  To t . mg/L 0.45 0.16 0.26 4 0.65 0.13 0.34 4 0.45 . 0 . 1 9 0.26

Total mg/L 0.25 0.16 0.2 3 0.6 0.13 0.34 3 0.25 0.19 0.22
Oxygen ,  D i sso l ved mg/L 10.5 9.7 10.0 3 10.4 9.5 10.1 3 10.5 9.5 10.1
pH 7.5 7.4 7.45 2 7.5 7.4 7.45 2 7.5 7.4 7.45
Phosphorus, O r t h o  Dims. mg/L 0.015 0.012 0.014 2 0.02 0.014 0.017 2 0.02 0.014 0.017

Total mg/L 0.112 0.011 0.055 4 0.153 0.052 0.097 4 0.13 0.011 0.062
Sodium ,  D i sso l ved mg/L 2.6 2.6 2.6 1 2.4 2.4 2.4 1 2.4 2.4 2.4
Sol ids ,  D i s s o l v e d mg/L 104 72 88 2 82 72 77 2 71 12 41.5

. Suspended mg/L 30 9 19 3 65 14 33 3 64 13 32.3

. Sus .  I n o r g a n i c mg/L 12 12 12 - - - 1 11 11 11
Sus. O r g a n i c mg/L 2 2 2 - - 1 2 2 2

S p e c i f i c  Conductance uS/cm 200 80 118 4 210 75 116 4 210 75 117.5
Sulphate ,  D i sso l ved mg/L <5 <5 <5 1 <5 <5 <5 1 <5 <5 <5
Temperature 0C 12 8 10.8 4 12 7.5 10.6 4 11.5 7.5 10.1
Tu r b i d i t y 1111.1 21 4 12.5 2 23 4.3 13.7 2 23 3.7 13.3
Zinc ,  D i s s o l v e d mg/L 0.02 0.02 0.02 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005

Bulkley R iver  Water Q u a l i t y  Monitor ing o f  t h e  Sewage Treatment P l a n t  a t  Houston ( P E  287):  D a t a  from
Sites 0400297 (Upstream).  0400295 ( 1 0 0  m Downstream), and 0400296 ( 3 . 2  km Downstream) 1974-1975

• Geomet r ic  Mean
Data f r o m  M i n i s t r y  o f  Env i ronment ' s  d a t a  bank ,  E M S

3 1 3 3
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N Max.
0400296

Min.

SITE NUMBER

Mean N Max.
0920089

Min. MeanCha rac te r i s t i c Un i ts

A l k a l i n i t y ,  To t a l mg/L 7 88.3 33.5 69.9 17 83.9 25.2 57.1
Aluminum ,  D isso lved mg/L 4 0.05 <0.02 <0.04 12 0.04 0.03 0.035

. To t a l mg/L 4 0.06 0.01 0.04 2 0.85 0.05 0.32
Arsenic ,  D i sso l ved mg/L 4 <0.001 <0.001 <0.001 2 <0.001 <0.001 <0.001

, To t a l mg/L 4 <0.001 <0.001 <0.001 2 <0.001 <0.001 <0.001
Barium ,  D isso lved mg/L 4 0.03 0.02 0.028 2 0.02 0.02 0.02
Boron ,  D isso lved mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01
Cadmium ,  D i sso l ved mg/L 5 <0.0005 <0.0005 <0.0005 2 0.0018 <0.0005 <0.0012

, To t a l mg/L 4 <0.005 <0.0005 * 2 0.012 <0.0005 <0.006
Calcium ,  D isso lved mg/L 6 20.1 8.4 15.1 12 20.9 7.6 16.5

, To t a l mg/L 4 21.2 15.4 19.1 1 8.23 8.23 8.23
Carbon ,  To t a l  Organ ic mg/L 6 12 2 5 17 17 1 9.2

, To t a l mg/L 5 25 17 21.6 16 20 5 11.1
Chlor ide ,  D isso lved mg/L 5 2.5 1.4 2.1 13 1 0.3 0.6
Chlor ine ,  Res idua l mg/L 3 0 0 0 - - -
Chromium ,  D isso lved mg/L 5 <0.01 <0.005 * 1 <0.1 <0.1 <0.1

. To t a l mg/L 4 <0.01 <0.01 <0.01 1 <0.1 <0.1 <0.1
Cobalt ,  D isso lved mg/L 4 <0.1 <0.1 <0.1 2 <0.1 <0.1 <0.1

, To t a l mg/L 4 <0.1 <0.1 <0.1 2 0.12 <0.1 <0.1
Col i forms ,  Feca l MPN/100 mL 4 79 2 20** - - -

, To t a l MPN/100 mL 4 240 23 136** - - -
Color ,  Apparent ACU - - - 15 77 <5 <29

, True TCU 2 50 40 45 - - -
, T. A . C . TAC 2 40 27 34 - - -

Copper ,  D i sso l ved mg/L 5 0.004 <0.001 <0.002 8 0.002 <0.001 <0.0015
, To t a l mg/L 4 0.004 0.001 0.003 2 0.004 0.002 0.003

Fluor ide ,  To t a l mg/L - - - 5 0.08 <0.05 <0.064
Hardness ,  D isso lved mg/L 6 76.4 32.1 58.5 15 79 33.3 60.3
Iron ,  D i sso l ved mg/L 5 0.32 0.03 0.21 8 0.19 0.05 0.13

, To t a l mg/L 4 0.46 0.17 0.34 2 1.7 0.13 0.92
Lead ,  D isso lved mg/L 5 <0.001 <0.001 <0.001 8 0.001 <0.001 <0.001

, To t a l mg/L 4 <0.001 <0.001 <0.001 2 0.005 <0.001 <0.003
Magnesium ,  D i sso l ved mg/L 6 6.4 2.7 5.0 2 1.28 0.99 1.14

, To t a l mg/L 4 6.5 5.2 6.1 2 1.92 1.35 1.64
Manganese ,  D isso lved mg/L 5 0.09 <0.01 <0.04 5 0.07 <0.01 <0.03

, To t a l mg/L 4 0.09 0.05 0.06 2 0.06 0.01 0.035
Molybdenum, D isso l ved mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01

, To t a l mg/L 4 <0.01 <0.01 <0.01 2 0.02 <0.01 <0.015
Nickel ,  D isso lved mg/L 5 <0.05 <0.01 * 2 <0.05 <0.05 <0.05

, To t a l mg/L 4 <0.05 <0.05 <0.05 2 <0.05 <0.05 <0.05

Bulkley River  Water Q u a l i t y  Downstream from the  Sewage Treatment P lant  a t  Houston (PE 287) :
Sites 0400296 ( 3 . 2  km Downstream) and 0920089 ( 4 . 5  km Downstream)

1970-1984

st)

.cont inued



TABLE 1 9  ( C o n t i n u e d )

N Max.
0400296

Min .

SITE NUMBER

Mean N Max.
0920089

M i n . MeanC h a r a c t e r i s t i c U n i t s

N i t r o g e n  ,  Ammonia,  To t a l mg/L 9 0.203 <0.005 <0.078 2 0.014 0.006 0 .010
N i t r a t e / N i t r i t e ,  D i s s . mg/L 9 0 .12 <0.02 <0.048 17 0.09 <0.005 <0.038

, N i t r a t e ,  D i s s . mg/L 4 <0.02 <0.02 <0.02 - - - -
, N i t r i t e ,  D i s s . mg/L 4 <0.005 <0.005 <0.005 - - - -
, O r g a n i c ,  To t a l mg/L 5 0.44 <0.01 0.21 - - - -
, K j e l d a h l , To t a l mg/L 9 0 .45 0 .02 0 .26 2 0.13 0 .07 0 .10
, To t a l mg/L 7 0.51 0.19 0.28 2 0.15 0 .13 0.14

Oxygen ,  D i s s o l v e d mg/L 3 10.5 9 . 5 10.1 4 11.7 8 . 2 10 .0
pH 7 8.1 7 .4 7 .6 17 8.3 6 .9 7.6
Phosphorus, O r t h o ,  D i s s . mg/L 7 0.049 0.008 0.030 16 <0.07 <0 .002 *

, To t a l  D i s s . mg/L 5 0.056 0.014 0.042 17 0.033 <0.001 <0.014
, To t a l mg/L 9 0.13 0.011 0.058 13 0.297 0.007 0.051

Potassium ,  D i s s o l v e d mg/L 5 1.2 0 . 9 1.06 2 0.3 0 . 3 0 .3
, To t a l mg/L - - - - 11 1.2 0 .3 0.85

S i l i c a  ,  D i s s o l v e d mg/L 5 13.6 11.5 12.9 17 15.3 4 .2 10.9
Sodium ,  D i s s o l v e d mg/L 6 6 . 2 2 .4 5.1 17 5.3 1 .2 3 .4
S o l i d s  ,  D i s s o l v e d mg/L 7 122 76 102 2 45 41 43

, Suspended mg/L 7 64 3 15.6 4 81 4 24
S p e c i f i c  C o n d u c t i v i t y pS/cm 7 182 71 145 17 168 55 118
Sulphate  ,  D i s s o l v e d mg/L 6 <5 3 <4.1 13 4 <1 <2.8
Temperature °C 4 11.5 7.5 10.1 - - - -
T u r b i d i t y NTU 7 23 1.1 5 .2 16 74 1 10.6
Vanadium ,  D i s s o l v e d mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01

, T o t a l mg/L 4 <0.01 <0.01 <0.01 2 <0.01 <0.01 <0.01
Zinc ,  D i s s o l v e d mg/L 5 0.007 <0.005 <0.005 8 <0.022 <0.001 *

, To t a l mg/L 4 0.028 <0.005 <0.012 2 0.03 0 .02 0.025

* N o  d e t e c t a b l e  c o n c e n t r a t i o n s  w e r e  measured  f o r  t h e s e  c h a r a c t e r i s t i c s
* *  G e o m e t r i c  Mean
Data f r o m  M i n i s t r y  o f  E n v i r o n m e n t ' s  d a t a  b a n k ,  EQUIS

A j
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TABLE 20

Morice River Water Qua l i t y,  S i t e  0400203, Upstream from the  Confluence
with the Bulkley R iver,  1971-1984

Characteristic Units N Max. Min. Mean

Alka l in i t y,  To t a l mg/L 18 31.2 18.5 22.1
Aluminum ,  Dissolved mg/L 10 0.17 <0.02 0.05

, To t a l mg/L 9 3.06 0.03 0.48
Arsenic ,  Dissolved mg/L 11 <0.25 <0.001 *

, To t a l mg/L 11 <0.25 <0.001
Barium ,  Dissolved mg/L 10 0.02 0.01 0.012
Boron ,  Dissolved mg/L 10 <0.01 <0.01 <0.01
Cadmium ,  Dissolved mg/L 10 <0.01 <0.0005 *

, To t a l mg/L 11 <0.0021 <0.0005 *
Calcium ,  Dissolved mg/L 17 9.69 5.59 7.03

, To t a l mg/L 11 10 6.5 7.4
Car bon ,  To t a l mg/L 16 8 2 4.9

, To t a l  Organic mg/L 17 8 <1 <2.5
Chromium ,  Dissolved mg/L 14 <0.01 <0.005 *

, To ta l mg/L 13 0.01 <0.005 <0.009
Chloride ,  Dissolved mg/L 17 0.7 <0.5 <0.53
Cobalt ,  Dissolved mg/L 10 <0.1 <0.1 <0.1

, To t a l mg/L 10 <0.1 <0.1 <0.1
Col iforms ,  Fecal MPN/1 00 mL 1 <2 <2 <2

, To t a l MPN/1 00 mL 1 23 23 23
Color ,  True TCU 7 40 <5 <11

, TAC TAC 5 31 <1 <11
Copper ,  Dissolved mg/L 14 0.002 <0.001 <0.001

, To ta l mg/L 13 0.011 0.001 0.004
Hardness ,  Dissolved mg/L 13 23.9 17.9 20.8

, To t a l mg/L 4 98.1 18.9 40.7
Iron ,  Dissolved mg/L 14 0.14 0.01 0.071

. To ta l mg/L 13 3.53 0.02 0.95
Lead ,  Dissolved mg/L 13 0.007 <0.001 <0.002

, t o t a l mg/L 14 0.007 <0.001 <0.002
Magnesium ,  Dissolved mg/L 16 1.14 0.57 0.80

, Tota l mg/L 12 19.6 0.6 2.4
Manganese ,  Dissolved mg/L 14 <0.02 <0.01 *

, To t a l mg/L 13 0.15 <0.01 <0.04
Mercury ,  Dissolved mg/L 4 0.00005 <0.00005 <0.00005

, To t a l mg/L 2 <0.00005 <0.00005 <0.00005
Molybdenum, Dissolved mg/L 10 <0.01 <0.01 <0.01

, To t a l mg/L 12 <0.01 <0.005 *
Nickel ,  Dissolved mg/L 10 <0.05 <0.05 <0.05

, To t a l mg/L 12 <0.05 <0.01 *

..continued



n

Characteristic Units N 1 M a x . Min. Mean

Nitrogen ,  Ammonia Tota l mg/L 15 0.013 <0.005 <0.006
N i t r a t e / N i t r i t e ,  D iss . mg/L 17 0.06 <0.02 <0.03

, Organic, To t a l mg/L 7 0.14 <0.01 <0.07
, Kjeldahl  ,Total mg/L 16 0.22 <0.01 <0.09
, To t a l mg/L 16 0.27 0.03 0.10

Oxygen ,  Dissolved mg/L 3 10.1 9.5 9.7
pH 17 7.5 6.8 7.3
Phosphorus, Ortho, D iss . mg/L 9 <0.003 <0.003 <0.003

, To t a l  Diss. mg/L 11 0.008 <0.003 <0.004
, To t a l mg/L 18 0.092 0.004 0.020

Potassium ,  Dissolved mg/L 15 0.4 0.2 0.3
Si l ica  ,  Dissolved mg/L 15 6 3 3.9
Sodium ,  Dissolved mg/L 16 1.6 0.8 1.1
Solids ,  Dissolved mg/L 18 51 25 35.6

, Suspended mg/L 19 105 1 18.9
Specific Conductivity uS/cm 17 69 42 49.2
Sulphate ,  Dissolved mg/L 15 <5 2.2 <3.4
Temperature °C 3 14 7 11.7
Turbidity NTU 15 44 0.6 8.9
Vanadium ,  Dissolved mg/L 10 <0.01 <0.01 <0.01

, To ta l mg/L 10 0.01 <0.01 <0.01
Zinc ,  Dissolved mg/L 14 0.01 <0.005 <0.005

, To ta l mg/L 13 0.05 <0.005 <0.011

94

TABLE 20 (Continued)

*No detectable concentrations were measured f o r  these character is t ics
Data from Minist ry  o f  Environment's data b a n k ,  EQUIS

1 , 7

1 , 1

n
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TABLE 21

Bulkley River  Water Qual i ty  S i t e  0920088 a t  Quick
1966-1984

Charac te r i s t i c Uni ts N Max. Min. Mean

A l k a l i n i t y ,  To t a l mg/L 99 47.6 3.3 25.4
Aluminum ,  D isso lved mg/L 13 0.26 <0.01 <0.05

, To t a l mg/L 11 2.9 <0.01 <0.75
Arsenic ,  D isso lved mg/L 12 <0.005 <0.001 *

, To t a l mg/L 12 0.0025 <0.0002 <0.0017
Barium ,  D isso lved mg/L 7 0.02 0.01 0.02

, To t a l mg/L 5 0.1 0.09 0.098
Boron ,  D isso lved mg/L 8 <0.01 <0.005 *
Cadmium ,  D isso lved mg/L 10 0.0018 <0.0005 <0.0017

, To t a l mg/L 17 0.012 <0.0002 <0.0002
Calcium ,  D isso lved mg/L 96 14.7 1.5 8.7

, To t a l mg/L 8 10.6 7.3 8.5
Carbon ,  To t a l mg/L 23 10.6 2.0 6.0

, To t a l  Organ ic mg/L 23 16 <1 4.5
Chromium ,  D isso lved mg/L 9 <0.01 <0.01 <0.01

, To t a l mg/L 12 0.01 0.001 0.008
Chlor ide ,  D isso lved mg/L 100 2.1 <0.1 0.4
Cobalt ,  D isso lved mg/L 7 <0.1 <0.1 <0.1

, To t a l mg/L 16 0.15 <0.001 <0.061
Color ,  Apparent ACU 90 100 <5 <15

, True TCU 1 75 75 75
Copper ,  D isso lved mg/L 29 <0.012 <0.001 <0.006

, To t a l mg/L 24 0.012 <0.001 <0.004
Fluor ide ,  To t a l mg/L 48 0.14 <0.02 <0.07
Hardness ,  D isso lved mg/L 96 46.9 4.2 26.6
I ron  ,  D isso lved mg/L 41 0.22 <0.001 <0.039

, To t a l mg/L 19 3.42 0.04 0.69
Lead ,  D isso lved mg/L 26 0.01 <0.001 <0.033

, To t a l mg/L 24 <0.01 <0.001 <0.004
Magnesium ,  D isso lved mg/L 7 1.56 0.81 1.11

, To t a l mg/L 9 2.94 0.88 1.47
Manganese ,  D isso lved mg/L 20 <0.01 <0.001 <0.01

, To t a l mg/L 37 0.15 <0.01 <0.03
Mercury ,  To t a l mg/L 5 <0.00005 <0.00005 <0.00005
Molybdenum, D isso lved mg/L 9 <0.01 <0.01 <0.01

, To t a l mg/L 16 0.02 <0.0002 <0.01
Nickel  ,  D isso lved mg/L 9 <0.05 <0.05 <0.05

, To t a l mg/L 16 0.06 <0.001 <0.03
Nitrogen ,  Ammonia, To t a l mg/L 35 0.2 0.002 0.07

N i t r a t e / N i t r i t e ,  D i s s . mg/L 90 0.09 <0.001 <0.027
, Organ ic ,  To t a l mg/L 2 0.44 0.33 0.39
, K j e l d a h l , To t a l mg/L 15 0.52 0.04 0.25
, To t a l mg/L 12 0.61 0.04 0.22

. .cont inued



96

Characteristic Units N Max. Min. Mean

Oxygen ,  Dissolved mg/L 5 13 9.4 11.9
pH 99 7.9 6.3 7.4
Phosphorus, Ortho,  D iss . mg/L 25 0.03 <0.002 <0.004

, To t a l ,  D iss . mg/L 26 0.02 <0.001 <0.006
, To ta l mg/L 29 0.309 <0.002 <0.033

Potassium ,  Dissolved mg/L 9 0.5 0.3 0.3
, To ta l mg/L 90 1.0 <0.1 <0.4

Selenium ,  To t a l mg/L 3 0.0001 <0.0001 <0.0001
Si l ica  ,  Dissolved mg/L 91 9.2 0.5 4.7
Silver ,  To ta l mg/L 3 <0.01 <0.01 <0.01
Sodium ,  Dissolved mg/L 99 4.1 0.5 1.3
Solids ,  Dissolved mg/L 17 108 32 50.1

, Suspended mg/L 17 178 1 40.2
, Sus. Inorganic mg/L 1 87 87 87
, To t .  Inorganic mg/L 13 166 3 44.4

Specific Conductivity uS/cm 100 107 11.4 58.8
Sulphate ,  Dissolved mg/L 95 10.5 <1 <3.3
Temperature °C 44 20 0 6.6
Turbidity NTU 96 85 0.1 9.9
Vanadium ,  Dissolved mg/L 9 <0.01 <0.01 <0.01

, To ta l mg/L 10 <0.01 <0.01 <0.01
Zinc ,  Dissolved mg/L 30 0.026 <0.001 <0.007

, To t a l mg/L 35 0.13 <0.001 <0.011

11 7

TABLE 21 (Continued)

Note: A n a l y s e s  w e r e  m a d e  f o r  po lych lo r ina ted  b i p h e n y l s  a n d  s e v e r a l
pesticides i n  1974 ( 1 - 2  samples); however, a l l  l e v e l s  were below detect ion
l imits
*No detectable concentrations were measured f o r  these character ist ics
Data from Ministry o f  Environment's data bank, EQUIS

1-n
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TABLE 22

Telkwa River  Water Qua l i t y,  S i t e  04001 87 a t  Telkwa
1974-1984

Characteristic Units N Max. Min. Mean

A l k a l i n i t y,  To t a l mg/L 16 64.5 22.1 38.8
Aluminum ,  Dissolved mg/L 11 0.22 <0.02 <0.09

, To t a l mg/L 10 5.4 <0.02 <0.91
Arsenic ,  Dissolved mg/L 11 <0.005 <0.001 *

, To t a l mg/L 11 <0.005 <0.001 *
Barium ,  Dissolved mg/L 11 0.06 0.02 0.03
Boron ,  Dissolved mg/L 11 <0.01 <0.01 <0.01
Cadmium ,  Dissolved mg/L 11 <0.01 <0.0005 *

, To t a l mg/L 12 <0.0005 <0.0005 <0.0005
Calcium ,  Dissolved mg/L 17 19.7 6.7 11.6

, To ta l mg/L 13 18.8 8.4 12.7
Carbon ,  To t a l  Organic mg/L 16 9 <1 <2.3

, To t a l mg/L 16 16 4 9.6
Chromium ,  Dissolved mg/L 13 <0.01 <0.005 *

, To t a l mg/L 14 0.02 <0.005 <0.01
Chloride ,  Dissolved mg/L 16 0.7 <0.5 <0.52
Cobalt ,  Dissolved mg/L 11 <0.1 <0.1 <0.1

, To t a l mg/L 11 0.13 <0.1 <0.10
Color ,  True TCU 5 60 5 21

, TAC TAC 6 32 1 11
Copper ,  Dissolved mg/L 13 0.003 <0.001 0.0015

, To ta l mg/L 14 0.02 <0.001 <0.004
Hardness ,  Dissolved mg/L 14 63.2 20.6 36.7
Iron ,  Dissolved mg/L 13 0.94 0.03 0.18

, To t a l mg/L 14 18.4 0.11 2.26
Lead ,  Dissolved mg/L 13 0.001 <0.001 <0.001

, To t a l mg/L 114 0.006 <0.001 <0.002
Magnesium ,  Dissolved mg/L 17 3.4 0.9 1.6

, To t a l mg/L 13 3.09 0.92 2.16
Manganese ,  Dissolved mg/L 13 0.02 <0.01 <0.09

, To t a l mg/L 13 0.5 0.01 0.09
Mercury ,  Dissolved mg/L 2 <0.00005 <0.00005 <0.00005

, To t a l mg/L 2 <0.00005 <0.00005 <0.00005
Molybdenum, Dissolved mg/L 11 0.01 <0.01 <0.01

, To t a l mg/L 12 0.03 <0.0005 <0.011
Nickel ,  Dissolved mg/L 11 <0.05 <0.05 <0.05

, To t a l mg/L 12 <0.05 <0.01 *
Nitrogen ,  Ammonia, To t a l mg/L 15 0.01 <0.005 <0.006

N i t r a t e / N i t r i t e  , D iss . mg/L 16 0.11 0.02 0.049
, Organic, To t a l mg/L 5 0.28 0.03 0.10
, Kjeldahl  , Total mg/L 15 0.29 0.03 0.11
, To ta l mg/L 16 0.32 0.04 0.15

..continued
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Characterist ic I U n i t s N I M a x . I M i n . Mean j

Oxygen ,  Dissolved mg/L 2 10.2 7.2 8.7
pH 16 7.9 7.1 7.5
Phosphorus, Ortho,  D iss . mg/L 9 <0.003 <0.003 <0.003

. To t a l ,  D iss . mg/L 11 0.007 0.003 0.005
, To t a l mg/L 17 0.34 0.006 0.048

Potassium ,  Dissolved mg/L 15 0.4 0.2 0.3
Si l ica  ,  Dissolved mg/L 15 8.1 3.1 5.7
Sodium ,  Dissolved mg/L 15 2.9 0.9 1.8
Solids ,  Dissolved mg/L 16 86 33 52

, Suspended mg/L 17 424 1 45.4
Specific Conductivity pS/cm 17 139 48 83.7
Sulphate ,  Dissolved mg/L 15 6.2 2.2 4.7
Tannin and Lignin,  To t a l mg/L 1 <0.1 <0.1 <0.1
Turbidi ty NTU 14 180 1.1 24.7
Vanadium ,  Dissolved mg/L 11 <0.01 <0.01 <0.01

, To t a l mg/L 11 <0.01 <0.01 <0.01
Zinc ,  Dissolved mg/L 12 <0.005 <0.005 <0.005

, To t a l mg/L 14 0.023 <0.005 <0.008

TABLE 22 (Continued)

*No detectable concentrations were measured f o r  these character is t ics
Data from Minist ry  o f  Environment's data bank, EQUIS
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Charac te r i s t i c Uni ts N Max. Min. Mean

A l k a l i n i t y ,  To t a l mg/L 22 82 20.7 30.0
Aluminum .  D isso lved mg/L 1 0.03 0.03 0.03
Cadmium ,  To t a l mg/L 2 <0.0005 <0.0005 <0.005
Calcium ,  D isso lved mg/L 20 21.1 6.9 10.0

, To t a l mg/L 2 10.2 9.7 10.0
Carbon ,  To t a l  Organ ic mg/L 19 23 <1 <5.2

, To t a l mg/L 17 23 3 6.9
Chromium ,  D isso lved mg/L 3 <0.005 <0.005 <0.005

, To t a l mg/L 3 0.008 <0.005 <0.006
Chlor ide ,  D isso lved mg/L 19 6.8 0.1 0.8
Col i forms ,  Feca l MPN/1 00 mL 1 <2 <2 <2

, To t a l MPN/1 00 mL 1 49 49 49
Color ,  Apparent ACU 15 55 <5 <14

, True TCU 6 40 5 18
, TAC TAC 7 31 <1 <12

Copper ,  D isso lved mg/L 8 0.004 <0.001 <0.002
, To t a l mg/L 5 0.014 <0.001 <0.007

Flow m'/s 20 555.0 21.8 169.8
Fluor ide mg/L 6 <0.1 <0.05 *
Hardness ,  D isso lved mg/L 22 81.1 21.3 30.8
I ron ,  D isso lved mg/L 10 0.1 <0.001 <0.065

, To t a l mg/L 5 11.3 0.2 3.3
Lead ,  D isso lved mg/L 8 0.017 <0.001 <0.003

, To t a l mg/L 5 <0.01 <0.001 *
Magnesium ,  D isso lved mg/L 7 6.9 0.74 1.97

, To t a l mg/L 4 1.6 0.9 1.2
Manganese ,  D isso lved mg/L 6 0.02 <0.01 <0.013

, To t a l mg/L 5 0.34 <0.01 <0.09
Mercury ,  D isso lved mg/L 3 <0.00005 <0.00005 <0.00005

, To t a l mg/L 3 <0.00005 <0.00005 <0.00005
Molybdenum, To t a l mg/L 2 0.0007 <0.0005 <0.0006
Nickel ,  To t a l mg/L 2 <0.01 <0.01 <0.01
Nitrogen ,  Ammonia, To t a l mg/L 7 <0.1 <0.005 *

N i t r a t e / N i t r i t e  , D i s s . mg/L 21 0.14 <0.005 <0.045
, Organ ic ,  To t a l mg/L 6 0.24 0.03 0.085
, K j e l d a h l  ,Tota l mg/L 6 0.25 0.03 0.10
, To t a l mg/L 6 0.27 0.03 0.12

Oxygen ,  D isso l ved mg/L 7 12.7 7.5 11.0
pH 21 7.9 7.3 7.5
Phosphorus, Or tho  , D i s s . mg/L 18 0.04 <0.002 <0.006

, To t a l ,  D i s s . mg/L 14 0.02 <0.001 <0.004
, To t a l mg/L 19 0.25 <0.003 <0.036

TABLE 23

Bulkley River Water Q u a l i t y,  S i t e  0400204, 8  km Upstream from the
Sewage Treatment P lant  a t  Smithers

1966-1976

..continued



100

Characteristic Units N Max. Min. Mean

Potassium ,  Dissolved mg/L 5 1.0 0.2 0.4
, To ta l mg/L 12 0.9 0.2 0.3

Si l ica  ,  Dissolved mg/L 20 12.8 3.1 5.3
Sodium ,  Dissolved mg/L 21 6.1 0.7 1.6
Solids ,  Dissolved mg/L 7 120 30 51.4

, Suspended mg/L 9 327 2.4 58.6
, Susp. Inorganic mg/L 3 33 <1 <16.7

Specific Conductivity
Sulphate ,  Dissolved

uS/cm 1 2 3
mg/L 17

188
5.2

47
<1

66.9
3.9

Tannin and Lignin,  To t a l mg/L 2 0.1 <0.1 <0.1
Temperature °C 6 11 0 6.4
Turbidity NTU 23 96 0.9 13.0
Zinc ,  Dissolved mg/L 8 0.016 <0.001 <0.005

, To ta l mg/L 4 0.018 <0.005 <0.010

TABLE 23 (Continued)

*No detectable concentrations were measured f o r  these character is t ics
Data from Ministry  o f  Environment's data bank, EQUIS
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N
U/S

Max.
0400434

Min. Mean N

SITE NUMBER
D/S

Max.
0400435

Min. Mean N
D/S

Max.
0400436

Mln. M e a nC h a r a c t e r i s t i c U n i t s

A l k a l i n i t y ,  To t a l mg/L 2 28 22.5 25.3 2 27.8 22 24.9 2 28 21.8 24.9
Cadmium ,  D i sso l ved mg/L 1 <0.0005 <0.0005 <0.0005 1 <0.0005 <0.0005 <0.0005 1 <0.0005 <0.0005 <0.0005
Calcium ,  D i s s o l v e d mg/L 2 19 8.8 13.9 2 8.9 7.5 8.2 2 8.8 7.5 8.2
Carbon ,  To t a l  O r g a n i c mg/L 1 2 2 2 1 2 2 2 1 2 2 2
Ch lo r i ne  ,  Res idua l mg/L 4 0 0 0 1 0 0 0 4 0 0 0
Chromium .  D i s s o l v e d mg/L 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005 1 <0.005 <0.005 <0.005
Co l i f o rms  ,  Feca l MPN/100 mL 2 20 20 20* 2 20 <20 <20* 2 20 <20 <20*

, To t a l MPN/100 ml. 2 80 40 57* 2 50 <20 (32* 2 40 20 28*
Color  ,  Tr u e TCU 2 30 15 23 2 30 20 25 2 30 15 22.5

, TAC TAC 2 33 12 23 2 32 14 23 2 23 13 18
Copper ,  D i s s o l v e d mg/L 1 0.002 0.002 0.002 1 0.003 0.003 0.003 1 0.004 0.004 0.004
Hardness ,  D i sso l ved mg/L 2 28.6 23.1 25.9 2 28.8 22.6 25.7 2 28.6 22.6 25.6
I r o n  .  D i s s o l v e d mg/L 1 0.1 0.1 0.1 1 <0.1 <0.1 <0.1 1 <0.1 <0.1 <0.1
Lead ,  D i sso l ved mg/L 1 <0.001 <0.001 <0.001 1 <0.001 <0.001 <0.001 1 <0.002 <0.002 <0.002
Magnesium ,  D i s s o l v e d mg/L 2 7.6 1.6 4.6 2 1.6 0.95 1.28 2 1.6 0.95 1.28
Manganese ,  D i s s o l v e d mg/L 1 <0.02 <0.02 <0.02 1 <0.02 <0.02 <0.02 I <0.2 <0.2 <0.2
Nicke l  ,  D i s s o l v e d mg/L 1 <0.01 <0.01 <0.01 1 <0.01 <0.01 <0.01 I <0.01 <0.01 <0.01
Ni t rogen ,  Ammonia, To t a l mg/L 2 0.016 0.014 0.015 2 0.011 0.01 0.01 2 0.011 0.011 0.011

N i t - a t e / N i t r i t e ,  D i s s . mg/L 2 0.03 0.03 0.03 2 0.02 0.02 0.02 2 0.03 0.02 0.025
N i t r a t e ,  D i s s . mg/L 2 0.03 0.03 0.03 2 0.02 0.02 0.02 2 0.03 0.02 0.025
N i t r i t e ,  D i a s . mg/L 2 <0.005 <0.005 <0.005 2 <0.005 <0.005 <0.005 2 <0.005 <0.005 <0.005

, O r g a n i c ,  To t a l mg/L 2 0.24 <0.01 <0.13 2 0.07 0.01 0.04 2 0.12 0.01 0.065
. K j e l d a h l . To t a l mg/L 2 0.25 0.02 0.14 2 0.08 0.02 0.05 2 0.13 0.02 0.075
, To t a l mg/L 1 0.05 0.05 0.05 1 0.04 0.04 0.04 1 0.04 0.04 0.04

Oxygen ,  D i s s o l v e d mg/L 3 11.5 10.6 11.0 3 11.7 10.7 11.2 3 11.7 10.8 11.3
PH 2 7.5 7.5 7.5 2 7.4 7.4 7.4 2 7.5 7.4 7.45
Phosphorus, O r t h o ,  D i s s . mg/L 2 0.004 0.004 0.004 2 0.004 0.003 0.0035 2 0.003 <0.003 <0.003

, To t a l mg/L 2 0.05 0.046 0.048 2 0.048 0.048 0.048 2 0.049 0.046 0.048
Sodium ,  D i sso l ved mg/L 1 1.6 1.6 1.6 1 1.5 1.5 1.5 1 2 2 2
So l ids  ,  D i s s o l v e d mg/L 2 58 42 50 2 56 38 47 2 58 38 48

, Suspended mg/L 5 38 2 28.6 5 48 2 31 5 48 3 33
S p e c i f i c  C o n d u c t i v i t y uS/cm 3 63 49 54 5 62 49 52 7 250 49 83
Sulphate ,  D i s s o l v e d mg/L 1 <5 <5 <5 1 <5 <5 <5 1 <5 <5 <5
Temperature °C 5 10 6 8.2 5 10 6 8.4 5 10 6 8
Tu r b i d i t y NIT 2 21 17 19 2 19 16 17.5 2 21 17 19
Zinc ,  D i sso l ved mg/L 1 <0.005 <0.005 <0.005 1 <0.005 (0.005 <0.005 1 0.01 0.01 0.01

TABLE 24
Bu lk ley  R i v e r  Water  Q u a l i t y  M o n i t o r i n g  a t  t h e  Sewage Trea tment  P l a n t  a t  S m i t h e r s  (PE 373 ) :  D a t a  f r o m

S i tes  0400434 (Upst ream C o n t r o l ) ,  0400435 ( 1 0 0  m Downstream), and  0400436 ( 1 . 2  km Downstream)
1974-1975

Geometr ic Mean
Data f r o m  M i n i s t r y  o f  Environment d a t a  bank  FOUTS

O



TABLE 25

C h a r a c t e r i s t i c Un i ts Zone 1
U/S

Zone 2
0400434
Zone 3 Zone 4 Zone 1

D/S
Zone 2

0400435
Zone 3 Zone 4

BOD, mg/L <10 <10 <10 <10 <10 <10 <10 <10
Carbon ,  To t a l  O r g a n i c mg/L <1.0 <1.0 <1.0 (1 .0 <1.0 <1.0 <1.0 <1.0

, To t a l  I n o r g a n i c mg/L 8 8 8 8 8 8 8 8
COD mg/L <10 13 - <10 15 13 <10
Col i fo rms ,  F e c a l HPN/100 mL 8 9 14 11 16 14 15 14

To ta l MPN/100 mL 9 43 32 27 230 28 54 36
Ni t rogen ,  NH, /NH. ,  D i s s . mg/L <0.005 <0.005 <0.005 <0.005 0.038 <0.005 <0.005 <0.005

. N O , / N O „  D i s s . mg/L 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
, K j e l d a h l ,  To t a l mg/L 0.03 0.02 0.02 0.02 0.06 0.02 0.02 0.02

pH 7.7 7.6 7.6 7.6 7.6 7.6 7.6 7.6
Phosphorus, To t a l mg/L 0.007 0.007 0.01 0.007 0.016 0.008 0.007 0.007
So l i ds  ,  D i s s o l v e d mg/L 45 42 40 45 47 46 50 45

. Suspended mg/L I 1 1 1 1 1 1 1
S p e c i f i c  C o n d u c t i v i t y uS/cm 70 69 70 70 72 70 70 68
Temperature °C 0 0 0 0 0 0 0 0

C h a r a c t e r i s t i c Un i ts Zone 1
U/S

Zone 2
0400434
Zone 3 Zone 4 Zone 1

D/S
Zone 2

400435
Zone 3 Zone 4

DOD, mg/L <10 <10 <10 <10 <10 <10 <10 <10
Carbon ,  To t a l  O r g a n i c mg/L 4 4 4 4 4 4 4 4

, To t a l  I n o r g a n i c mg/L 10 10 10 10 10 10 10 10
COD mg/L 18 17 18 20 21 18 17 12
Co l i f o rms  ,  Fecal. MPN/100 mL 4 1 3 2 0 1 2 4

To ta l MPN/100 mL 105 65 85 55 55 72 53 50
Ni t rogen ,  N I W N H . ,  D i a s . mg/L 0.005 <0.005 <0.008 0.005 <0.008 0.008 0.008 0.005

. N O , / N O „  D ims . mg/L 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02
, K j e l d a h l ,  To t a l mg/L 0.20 0.18 0.19 0.20 0.22 0.20 0.20 0.17

pH 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Phosphorus, To t a l mg/L 0.019 0.018 0.019 0.020 0.034 0.018 0.016 0.020
Sol ids  ,  D i s s o l v e d mg/L 76 72 75 74 76 75 72 75

, Suspended mg/L 3 4 3 4 22 3 4 3
S p e c i f i c  C o n d u c t i v i t y uS/cm 88 86 85 86 87 86 86 88
Temperature 0C 5.5 5.5 5.5 5.5 6 6 6 6

Bulkley R i v e r  Water d u a l i t y  Monitoring o f  t h e  Sewage Treatment P l a n t  a t  Smithery (PE  373 ) :
Data from S i t e s  0400434 (Upstream) and 0400435 ( 1 0 0  m Downotream), 1983-1984

NOVEMBER 3 0 ,  1983

APRIL 1 ,  9 8 4

Note: Zone 1 L s  t h e  s i d e  o f  t h e  r i v e r  w i t h  t h e  sewage t r e a t m e n t  p l a n t  d i s c h a r g e ;  Zone  4  i s  t h e  o p p o s i t e  s i d e .

J j



TABLE 2 6

C h a r a c t e r i s t i c

SITE

U/S
0400297

Houston
PE 287

STP
D/S

0400295
D/S

0400296

Mor i ce
R ive r

0400203
Quick

0920088

Telkwa
Rive r

0400187

S n i t h e r s
U/S

0400434

S"P
PE 373 D/S

0400435

Fecal C o n f o r m s ' 5(30) 5(30) 5(30) - - - - 5(30) 5(30) 5(30)
P e r i p h y t o n  S t a n d i n g  C r o p LF(1) - LF (1 ) - - - - LF(1 ) LF(1 )
Suspended S o l i d s LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
T u r b i d i t y LF(2) LF (2 ) LF(2 ) M M M M LF(2 ) LF(2 ) LF(2 )
Oxygen, D i s s o l v e d LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

N: Ammonia,  To t a l  D i s s . LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
N i t r i t e LF(2 ) LF(2 ) LF(2 ) - - - - LF (2 ) LF(2 ) LF(2)
N i t r a t e / N i t r i t e LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
K j e l d a h l ,  To t a l LF (2 ) LF (2 ) LF(2 ) - - - - LF (2 ) LF(2 ) LF (2 )
To t a l  ( c a l c u l a t e d ) LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

P: O r t h o ,  D i s s o l v e d LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)
To t a l ,  D i s s o l v e d LF(2 ) LF (2 ) LF(2 ) - - - - LF (2 ) LF(2 ) LF(2 )
To t a l LF(2) LF(2) LF(2) - - - - LF(2) LF(2) LF(2)

Temperature LF(2) LF(2) LF(2) M M M M LF(2) LF(2) LF(2)
pH LF(2) LF (2 ) LF(2 ) M M M M LF(2 ) LF(2 ) LF(2 )
Hardness LF(2) - LF(2) M M M M LF(2) - LF(2)
S p e c i f i c  C o n d u c t i v i t y LF(2) - LF(2 ) M M M M LF(2 ) - LF (2 )
M e t a l s  ( To t a l  a n d  D i s s ) :

A l ,  C o ,  C d ,  C r ,  C u ,
Fe, M n ,  N i ,  P b ,  Z n - - - M M M M - - -

RECOMMENDED EFFLUENT AND WATER QUALITY MONITORING FOR THE BULKLEY RIVER

'1 s a m p l e  p e r  week f o r  5  weeks  i n  a  p e r i o d  n o  l o n g e r  t h a n  3 0  d a y s ,  d u r i n g  l a t e  summer ( A u g u s t  t o  September )  when
water  u s e d  f o r  b o t h  r e c r e a t i o n  a n d  d r i n k i n g .
U/S -  u p s t r e a m  f r o m
D/S -  downstream f r o m
M -  m o n t h l y
L F ( 1 ) - a t  l o w  f l o w ,  o n c e  p e r  y e a r
L F ( 2 ) - a t  l o w  f l o w ,  t w i c e  p e r  y e a r

Note: s a m p l i n g  may need  t o  b e  i n c r e a s e d  o r  d e c r e a s e d  t o  c h e c k  o b j e c t i v e s ,  d e p e n d i n g  on  c i r c u m s t a n c e s .
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Metal
"Package"
Detection

Limit

Most
Sensitive
Detection

Limit

Most
Restrict ive

Water Qual i ty
Criterion

Package+
Ident i f ica t ion
Where Analysis

Available
Comments

Aluminum 0.02 0.02 0.05 F,G Use Package Analysis

Cadmium 0.01 0.0001 0.0002 F,G Use More Sensit ive Analysis
Chromium 0.01 0.005 0.02 F,G Use More Sensit ive Analysis**
Cobalt 0.10 0.005 0.05 F,G Use More Sensit ive Analysis
Copper 0.01 0.001 0.002 F,G Use More Sensit ive Analysis
Iron 0.01 0.005 0.3 F,G Use Package Analysis
Manganese 0.01 0.001 0.05 F,G Use Package Analysis
Nickel 0.05 0.01 0.013 F,G Use More Sensit ive Analysis
Lead 0.10 0.001 0.00075-0.03 F,G Use More Sensit ive Analysis
Zinc 0.01 0.005 0.05 F,G Use Package Analysis

TABLE 27
SUMMARY OF DETECTION LIMITS FOR CERTAIN METALS

'97

1 , 9

* F r o m  EQUIS Test  Code Dict ionary
**  More Sensit ive Analysis recommended so t h a t  uncertainty  o f  values f o r  detect ion l i m i t s  r n

is el iminated
+ Package "F"  provides analyses as  t o t a l ;  package "G" a s  dissolved

1 , 9

r1

9^1

1,9
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Figure 6. Permitted Waste Discharges. Moniloring Sites. and Licensed Water Withdrawals in the Bulkley River Basin.
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