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1. INTRODUCTION

1.1 BACKGROUND

In O c t o b e r  o f  1 9 8 1 ,  M r .  W .  G i l g a n ,  t h e  P l a n n i n g  D i r e c t o r  f o r  t h e

Regional D i s t r i c t  o f  B u l k l e y - N e c h a k o ,  r e q u e s t e d  t h a t  t h e  M i n i s t r y  o f

Environment s t u d y  e x i s t i n g  ( b a s e l i n e )  w a t e r  q u a l i t y  o f  c e r t a i n  l a k e s ,  a n d

develop a  m o n i t o r i n g  p r o g r a m  t o  d e t e r m i n e  c h a n g e s  i n  w a t e r  q u a l i t y .

Also r e q u i r e d  w e r e  l a n d -use  s t u d i e s  a r o u n d  t h e  l a k e s  t o  e s t a b l i s h  s o i l

types,  d r a i n a g e  f e a t u r e s ,  d e v e l o p m e n t  d e n s i t y ,  a n d  o t h e r  r e l e v a n t  i n f o r -

mation needed  t o  e s t a b l i s h  l a k e - s h o r e  management g u i d e l i n e s .  T h i s  r e p o r t

attempts t o  a n s w e r  t h e s e  n e e d s  a n d  s u g g e s t  m e t h o d s  o f  i m p r o v i n g  a n d

mainta in ing  w a t e r  q u a l i t y  t o  l e v e l s  s u i t a b l e  f o r  i t s  des igna ted  u s e .

The m a j o r  p rob lem a r i s i n g  f r o m  a  watershed development i s  a n  i n c r e a s e d

supply o f  n u t r i e n t s ,  i n  t h e  f o r m  o f  n i t r o g e n  a n d  phosphorus,  t o  t h e  l a k e .

This i s  a  consequence o f  sewage d i s p o s a l ,  s o i l  d i s t u r b a n c e ,  r o a d  b u i l d i n g

and v e g e t a t i o n  r e m o v a l .  I n c r e a s e d  n u t r i e n t s  g e n e r a l l y  l e a d  t o  i n c r e a s e d

growth o f  a l g a e ,  c a u s i n g  decreased  w a t e r  c l a r i t y .  T h e  most  i m p o r t a n t  p a r -

ameter i n v o l v e d  i s  phosphorus s i n c e  i t  i s  u s u a l l y  t h e  l i m i t i n g  n u t r i e n t  f o r

a l g a l  g r o w t h  i n  a  l a k e .  F o r t u n a t e l y ,  t h e  amount o f  phosphorus e n t e r i n g  a

lake  c a n  b e  c o n t r o l l e d  t o  a  c e r t a i n  e x t e n t  w i t h  t h e  imp lementa t ion  o f  l a k e

management t e c h n i q u e s .

The s t u d i e s  o f  K a t h l y n ,  S e y m o u r,  Round a n d  Ty h e e  L a k e s  q u a n t i f y  t h e

inputs o f  phosphorus f r o m  v a r i o u s  sources  ( p r e c i p i t a t i o n ,  s e p t i c  t a n k s ,  a n d

i n f l o w  s t r e a m s ) ,  a n d  d e t e r m i n e  t h e  e x t e n t  t o  w h i c h  a d d i t i o n a l  p h o s p h o r u s

( o r i g i n a t i n g  f r o m  new watershed development)  c o u l d  b e  t o l e r a t e d  b y  each  l a k e

wi thout  a  s e r i o u s  d e c r e a s e  i n  w a t e r  q u a l i t y .  B a s e d  o n  t h i s  i n f o r m a t i o n ,

appropr ia te  l a n d  u s e s  a n d  p o p u l a t i o n  d e n s i t i e s  c a n  b e  d e v e l o p e d  b y  t h e

Regional D i s t r i c t .
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In  a d d i t i o n  t o  t h i s  a n a l y s i s ,  t h e  r e p o r t  c o n s i d e r s  t h e  d a t a  c o l l e c t e d

from t h e s e  l a k e s ,  a n d  recommends w a t e r  q u a l i t y  o b j e c t i v e s  f o r  t h e  f o u r

lakes t o  p r o t e c t  w a t e r  u s e s .

1 .2  METHODS

On January  2 5 ,  1 9 8 2 ,  s a m p l i n g  began o n  e a c h  o f  t h e  f o u r  l a k e s .  D u r i n g

the  f i r s t  t r i p ,  i t  was  n e c e s s a r y  t o  s a m p l e  t h r o u g h  t h e  l a k e  i c e .  S u b s e q u e n t

samp l ing  t r i p s  w e r e  i n  i c e - f r e e  c o n d i t i o n s ,  a n d  u s e d  e i t h e r  a  f l o a t  p l a n e  o r

boat.  S a m p l i n g  cont inued  u n t i l  November 1 9 8 2 .

Data c o l l e c t i o n  w a s  s h a r e d  among p e r s o n n e l  f r o m  t h e  Wa t e r  Management

Branch o f  V i c t o r i a ,  t h e  W a s t e  Managemen t  B r a n c h  o f  S m i t h e r s ,  a n d  t h e

Reg iona l  D i s t r i c t  o f  B u l k l e y - N e c h a k o  b a s e d  i n  B u r n s  L a k e .

Samples f r o m  t h e  w a t e r  c o l u m n  w e r e  o b t a i n e d  u s i n g  a n  e i g h t  l i t r e  Va n

Dorn w a t e r  s a m p l e r .  Te m p e r a t u r e  a n d  d i s s o l v e d  oxygen w e r e  measured u s i n g  a

YSI model  5 7  m e t e r .  T h e  d i s s o l v e d  o x y g e n  r e a d i n g s  w e r e  c a l i b r a t e d  o n  e a c h

l a k e  w i t h  W i n k l e r  t i t r a t i o n s .  C h l o r o p h y l l  s a m p l e s  w e r e  f i l t e r e d  a n d  f r o z e n

s h o r t l y  a f t e r  c o l l e c t i o n .  P h y t o p l a n k t o n  samples  w e r e  t a k e n  a s  unconcen-

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

c o l l e c t e d  i n  1 9 8 2  a r e  p r e s e n t l y  s t o r e d  o n  t h e  EQUIS d a t a  s t o r a g e  s y s t e m .

A l l  c h e m i c a l  a n d  b i o l o g i c a l  a n a l y s e s  w e r e  c a r r i e d  o u t  b y  t h e  M i n i s t r y  o f

E n v i r o n m e n t ' s  E n v i r o n m e n t a l  L a b o r a t o r y  l o c a t e d  i n  Va n c o u v e r,  B . C .

1.3 GENERAL LAKE CHARACTERISTICS

Figure 1  shows t h e  l o c a t i o n  o f  e a c h  o f  t h e  f o u r  l a k e s  i n v o l v e d  i n  t h i s

study.  K a t h l y n  a n d  Seymour L a k e s  a r e  s i m i l a r  m o r p h o m e t r i c a l l y.  B o t h  a r e

smal l ,  s h a l l o w  l a k e s  w i t h  comparable volume ( F i g u r e s  2  a n d  3 ) .  T h e y  have a

r e l a t i v e l y  l a r g e  s u r f a c e  a r e a  t o  d e p t h  r a t i o  w h i c h  f a c i l i t a t e s  i n c r e a s e d
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wind m i x i n g ,  a n d  p r o d u c t i v i t y  ( R a w s o n ,  1 9 5 6 ;  H u t c h i n s o n ,  1 9 6 7 ;  K o s h i n s k y ,

1970; F e e ,  1 9 7 9 ) .  R o u n d  a n d  Ty h e e  L a k e s  a r e  l a r g e r ,  a n d  d e e p e r  ( F i g u r e s  4

and 5 ) .  M o r p h o m e t r y  o f  a l l  l a k e s  i s  summar ized  i n  Ta b l e  1 .

A l l  l a k e s  d r a i n  i n t o  t h e  B u l k l e y  R i v e r  w h i c h  i n  t u r n  j o i n s  t h e  Skeena

R i v e r  a t  H a z e l t o n .  B a t h y m e t r i c  maps f o r  e a c h  l a k e  a r e  p r o v i d e d  i n  F i g u r e s  2

th rough  5 .
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2. HYDROLOGY

The S u r f a c e  W a t e r  S e c t i o n  o f  t h e  Wa t e r  Management B r a n c h ,  M i n i s t r y  o f

Env i ronmen t ,  c a l c u l a t e d  t h e  a v e r a g e  a n d  1 9 8 1 - 1 9 8 2  w a t e r  i n p u t  t o  t h e  f o u r

l a k e s .  T h e  f o l l o w i n g  i s  a n  e x c e r p t  f r o m  t h e  a n a l y s i s  o f  t h e  a r e a ' s

h y d r o l o g y  ( W e i s s ,  1 9 8 2 ) .

2.1 :AVA ILABLE  DATA

Of t h e  f o u r  b a s i n s  f o r  w h i c h  m e a n  a n n u a l  r u n o f f  e s t i m a t e s  w e r e

r e q u i r e d ,  o n l y  t h e  K a t h l y n  L a k e  b a s i n  h a s  a  g o o d  h y d r o m e t r i c  r e c o r d .  D a t a

are  a v a i l a b l e  f o r  t h e  p e r i o d  1 9 6 7 - 7 9 ,  a l t h o u g h  s o m e  d a t a  a r e  m i s s i n g ,

p r i m a r i l y  d u r i n g  t h e  w i n t e r  s e a s o n .  E s t i m a t e s  o f  s o m e  o f  t h e  m i s s i n g  d a t a

were made ,  b a s e d  o n  e i t h e r  p a r t i a l  r e c o r d s  o r  o t h e r  a v a i l a b l e  h y d r o m e t e o r -

o l o g i c  d a t a  ( Ta b l e  2 ) .  K a t h l y n  C r e e k  i s  r e p o r t e d  b y  Wa t e r  S u r v e y  o f  Canada

as a  n a t u r a l  s t r e a m f l o w ,  a l t h o u g h  a c c o r d i n g  t o  a  r e p o r t  b y  Seymour  ( 1 9 7 6 ) ,

some f l o w s  f r o m  t h e  U p p e r  K a t h l y n  C r e e k  a r e a  a r e  d i v e r t e d  t o  S impson  C r e e k .

However, t h e  q u a n t i t y  o f  f l o w  d i v e r t e d  seems  t o  b e  l o w  i n  c o m p a r i s o n  w i t h

the  n a t u r a l  f l o w .

Du r i ng  a  1 9 7 7  l o w  f l o w  m o n i t o r i n g  p r o g r a m ,  a  f e w  d i s c h a r g e  measurements

were o b t a i n e d  o n  Seymour  C r e e k  a n d  V i c t o r  C r e e k  w h i c h  i s  a n  i n f l o w  c h a n n e l

t o  Ty h e e  L a k e .  U n f o r t u n a t e l y ,  t h e s e  measurements  a r e  o f  l i t t l e  h e l p  when

t r y i n g  t o  make  e s t i m a t e s  o f  t h e  t o t a l  a n n u a l  r u n o f f  b e c a u s e  summer r u n o f f

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

2 .2  METHODS

Mean a n n u a l  i n f l o w  e s t i m a t e s  w e r e  r e q u i r e d  f o r  K a t h l y n ,  S e y m o u r,  Ty h e e ,

and Round L a k e s .



5

The mean a n n u a l  i n f l o w  t o  K a t h l y n  L a k e  w a s  compu ted  d i r e c t l y  f r o m  d a t a

t h a t  w e r e  a v a i l a b l e  f o r  K a t h l y n  C r e e k  a t  t h e  o u t l e t  o f  K a t h l y n  L a k e .  S o m e

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

a v a i l a b l e  h y d r o m e t e o r o l o g i c  d a t a .

No u s e f u l  o u t f l o w  d a t a  w e r e  a v a i l a b l e  f o r  t h e  o t h e r  l a k e s .  T h e r e f o r e ,

an a t t e m p t  w a s  made  t o  f i n d  a  r e l a t i o n s h i p  b e t w e e n  mean a n n u a l  r u n o f f  a n d

s e v e r a l  p h y s i o g r a p h i c  v a r i a b l e s  u s i n g  d a t a  f r o m  n e a r b y  g a u g i n g  s t a t i o n s .  N o

d i s t i n c t  r e l a t i o n s h i p  b e t w e e n  mean a n n u a l  r u n o f f  a n d  m e d i a n  b a s i n  e l e v a t i o n

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

y i e l d e d  h i g h l y  v a r i a b l e  e s t i m a t e s  f o r  mean  a n n u a l  i n f l o w  f o r  t h e  3  l a k e s .

For e x a m p l e ,  b a s e d  o n  m e d i a n  b a s i n  e l e v a t i o n ,  t h e  m e a n  a n n u a l  i n f l o w

e s t i m a t e  t o  T y h e e  L a k e  w a s  a p p r o x i m a t e l y  2  0 0 0  d a m 3 .  B a s e d  o n  d r a i n a g e

a r e a ,  t h e  mean a n n u a l  i n f l o w  e s t i m a t e  was a p p r o x i m a t e l y  1 2  0 0 0  dam3.

2 .3  RECOMMENDATIONS

Because n o  d i s t i n c t  r e l a t i o n s h i p  be tween  mean a n n u a l  r u n o f f  a n d  p h y s i o -

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

program b e  u n d e r t a k e n .  T h e  f o l l o w i n g  g a u g i n g  p r o g r a m  w o u l d  h e l p  t o  p r o v i d e

more r e l i a b l e  e s t i m a t e s  o f  mean a n n u a l  i n f l o w  t o  S e y m o u r,  Ty h e e ,  a n d  Round

Lakes.

1. A n  a u t o m a t i c  r e c o r d e r  s h o u l d  b e  i n s t a l l e d  o n  Ty h e e  C r e e k  n e a r  t h e

o u t l e t  o f  Ty h e e  L a k e  a n d  o u t f l o w  d a t a  s h o u l d  b e  c o l l e c t e d  f o r  a

minimum o f  o n e  y e a r .

2. O u t f l o w s  f r o m  Seymour  a n d  R o u n d  L a k e s  s h o u l d  b e  m o n i t o r e d  d u r i n g

t h e  f r e s h e t ,  c o i n c i d e n t  w i t h  c o l l e c t i o n  o f  d a t a  o n  Ty h e e  C r e e k .

Manual r i v e r  s t a g e  r e a d i n g s  a n d  s e v e r a l  d i s c h a r g e  m e a s u r e m e n t s

would b e  r e q u i r e d  t o  e s t a b l i s h  a  r a t i n g  c u r v e .
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3. L a k e  l e v e l  d a t a  o n  S e y m o u r ,  T y h e e ,  a n d  R o u n d  L a k e s  s h o u l d  b e

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

Weekly r e a d i n g s  d u r i n g  t h e  f r e s h e t  a n d  m o n t h l y  r e a d i n g s  d u r i n g  t h e

summer a n d  w i n t e r  mon ths  w i l l  s u f f i c e .

4. I t  w o u l d  a l s o  b e  u s e f u l  t o  m o n i t o r  t h e  W a t e r  S u r v e y  o f  C a n a d a

gauges o n  K a t h l y n  C r e e k  a n d  K a t h l y n  L a k e  f o r  t h i s  p e r i o d  o f  r e c o r d ,

c o i n c i d e n t  w i t h  c o l l e c t i o n  o f  d a t a  o n  S e y m o u r,  T y h e e ,  a n d  R o u n d

Lakes.

Once t h e s e  d a t a  a r e  a v a i l a b l e ,  t h e  r u n o f f  v a l u e s  o b t a i n e d  c a n  b e

compared w i t h  r u n o f f  f r o m  n e a r b y  g a u g i n g  s t a t i o n s  w h i c h  h a v e  a  l o n g e r  p e r i o d

o f  r e c o r d ,  a n d  e s t i m a t e s  o f  mean a n n u a l  i n f l o w  c a n  b e  made.

2 .4  RUNOFF ESTIMATES

Al though  m o r e  d a t a  w o u l d  b e  d e s i r a b l e ,  a  r a n g e  o f  r u n o f f  e s t i m a t e s

based o n  t h e  p r e s e n t  i n f o r m a t i o n  w a s  c a l c u l a t e d  a n d  i s  p r e s e n t e d  i n  Ta b l e

3.

U n t i l  b e t t e r  i n f o r m a t i o n  i s  a v a i l a b l e ,  t h e  a v e r a g e  o f  t h e  t w o  r u n o f f

e s t i m a t e s  f o r  Seymour,  Ty h e e  a n d  Round L a k e  w i l l  b e  u s e d .

The w a t e r  r e t e n t i o n  t i m e  a n d  t h e  f l u s h i n g  r a t e  a r e  a l s o  shown i n  Ta b l e

3 a s  a  max imum,  m i n i m u m  a n d  a  m e a n .  E v e n  t h o u g h  t h e r e  i s  a  r a n g e  o f

p o s s i b l e  v a l u e s ,  t w o  d i s t i n c t  l a k e  g r o u p s  a p p e a r .  K a t h l y n  a n d  Seymour  h a v e

f l u s h i n g  r a t e s  o f  a p p r o x i m a t e l y  o n c e  p e r  y e a r  a n d  Ty h e e  a n d  Round L a k e s  h a v e

f l u s h i n g  r a t e s  o f  a t  m o s t  o n c e  e v e r y  t h r e e  y e a r s  o r  l o n g e r .  F r o m  t h e

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

l o n g e r  i n  Ty h e e  a n d  Round L a k e s  t h a n  i n  K a t h l y n  o r  Seymour L a k e s .
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3. WAT E R  USE

3.1 K AT H LY N  LAKE

K a t h l y n  L a k e  h a s  t h e  m o s t  w a t e r  v o l u m e  l i c e n c e d  o f  t h e  f o u r  l a k e s

s t u d i e d .  A l l  l i c e n c e s  o n  t h e  l a k e  a r e  summar ized  i n  Ta b l e  4  a n d  l o c a t e d  o n

F i g u r e  2 .  L i c e n c e s  o n  i n f l o w  c r e e k s  a n d  t h e  l a k e  o u t f l o w  a r e  n o t  i n c l u d e d

because o f  t h e  absence  o f  w a t e r  q u a l i t y  d a t a  o n  t h e  s p e c i f i c  w a t e r  b o d i e s .

The K a t h l y n  L a k e  w a t e r  l i c e n c e s  a r e  m a i n l y  d o m e s t i c  w a t e r  l i c e n c e s

c o n c e n t r a t e d  o n  t h e  n o r t h  a n d  s o u t h  s h o r e s .  T w o  m i n o r  i r r i g a t i o n  a n d  i n d u s -

t r i a l  l i c e n c e s  a l s o  e x i s t  o n  t h e  l a k e .

The l i c e n c e d  w i t h d r a w a l  o f  w a t e r  t o t a l s  4 5 . 5  m 3 / d  f o r  d o m e s t i c  u s e ,  a n d

475 m 3 / d  f o r  i n d u s t r i a l  u s e .  I r r i g a t i o n  l i c e n c e s  t o t a l  1 . 7  d a m 3 / y r .

The M i n i s t r y  o f  F o r e s t s  h o l d s  t h e  l a r g e s t  i n d u s t r i a l  l i c e n c e  ( 4 5 5  m 3 / d )

f o r  f i r e f i g h t i n g .  T h i s  l i c e n c e  i s  u n d o u b t e d l y  o n l y  u s e d  d u r i n g  t h e  summer,

and t h e  a c t u a l  d a i l y  c o n s u m p t i o n  w i l l  v a r y  d e p e n d i n g  o n  t h e  f o r e s t  f i r e

a c t i v i t y .  T h e  o t h e r  i n d u s t r i a l  l i c e n c e  i s  f o r  d o m e s t i c  u s e  b y  a  m o t e l .

Again m o s t  o f  t h e  d a i l y  c o n s u m p t i o n  ( 2 3  m 3 / d )  w o u l d  b e  d u r i n g  t h e  summer

r e c r e a t i o n  s e a s o n .  T h e  i r r i g a t i o n s  l i c e n c e s  a r e  s m a l l .  B o t h  a r e  u s e d  f o r

lawn a n d  g a r d e n  w a t e r i n g .

F i s h e r i e s  u s e  o f  K a t h l y n  L a k e  i s  l o w .  T h e  r e g i o n a l  F i s h  a n d  W i l d l i f e

Branch r e p o r t s  l i g h t  f i s h i n g  p r e s s u r e .  S p e c i e s  p r e s e n t  a r e  r a i n b o w  a n d

c u t t h r o a t  t r o u t ,  a n d  s e v e r a l  s p e c i e s  o f  c o a r s e  f i s h  ( l o n g  n o s e  s u c k e r ,  p e a

mouth c h u b b ,  s q u a w  f i s h ,  s c u l p i n  e t c . ) .  T h e  l a k e  w a s  s t o c k e d  i n  1 9 5 8  a n d

1959 w i t h  4 0 0 0  r a i n b o w  t r o u t .  T h e r e  a r e  n o  p l a n s  t o  r e h a b i l i t a t e  t h e  l a k e

by r e m o v i n g  t h e  c o a r s e  f i s h  a n d  r e s t o c k i n g  t h e  l a k e  w i t h  s p o r t s  f i s h .
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K a t h l y n  L a k e  h a s  a  h i g h  r e c r e a t i o n  u s e  b y  t h e  r e s i d e n t s  o f  t h e

Smi the rs  a r e a .  T h e  M i n i s t r y  o f  L a n d s ,  P a r k s  a n d  H o u s i n g  r e p o r t e d  h e a v y

use o f  t h e  m u n i c i p a l  b e a c h  a r e a  a t  t h e  n o r t h  e a s t  e n d  o f  t h e  l a k e

( D a l z i e l ,  p e r s .  c o m m . ) .

3 .2  SEYMOUR LAKE

Seymour L a k e  h a s  t h e  l a r g e s t  number  o f  w a t e r  l i c e n c e s  o f  t h e  l a k e s

s t u d i e d .  A l l  l i c e n c e s  a r e  summar i zed  b y  p r i o r i t y  d a t e  i n  Ta b l e  5 ,  a n d

a r e  l o c a t e d  i n  F i g u r e  3 .  A l l  o f  t h e  2 6  l i c e n c e s  a r e  f o r  t h e  d o m e s t i c

use o f  2 . 3  m 3 / d .  T h e  maximum l i c e n c e d  w i t h d r a w a l  i s  5 9  m 3 / d .

Twenty o f  t h e  w a t e r  l i c e n c e s  h a v e  a  common p o i n t  o f  w i t h d r a w a l  ( A A

on F i g u r e  3 ) .  O f  t h e  r e m a i n i n g  w a t e r  l i c e n c e s ,  o n e  i s  l o c a t e d  a t  t h e

sou th  e n d  o f  t h e  l a k e ,  t h e  r e s t  a r e  g r o u p e d  a t  t h e  n o r t h w e s t  a n d  e a s t

end.

The F i s h  a n d  W i l d l i f e  r e g i o n a l  o f f i c e  r e p o r t s  l i g h t  f i s h i n g

p r e s s u r e  i n  S e y m o u r  L a k e .  T h e  l a k e  c o n t a i n s  r a i n b o w  a n d  c u t t h r o a t

t r o u t ,  a n d  c o a r s e  f i s h .  R a i n b o w  t r o u t  h a v e  b e e n  s t o c k e d  f r o m  1 9 5 6  a n d

1959. R e h a b i l i t a t i o n  ( r e m o v a l  o f  c o a r s e  f i s h )  o f  t h e  l a k e  was  p l a n n e d

f o r  1 9 8 3 ,  b u t  i t  h a s  b e e n  c a n c e l l e d  because  o f  p u b l i c  o p p o s i t i o n .

Seymour L a k e  i s  v e r y  c l o s e  t o  t h e  t o w n  o f  S m i t h e r s .  C o n s e q u e n t l y ,

t h e  l a k e  r e c e i v e s  h e a v y  r e c r e a t i o n a l  u s e  f r o m  t h e  l o c a l  r e s i d e n t s .

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

i n c r e a s e s .  A t  p r e s e n t  t h e r e  a r e  n o  d e v e l o p e d  b e a c h  a r e a s .  A c c e s s  t o

t h e  l a k e  i s  f r o m  t h e  r o a d  a l o n g  t h e  n o r t h  e n d  o f  t h e  l a k e .

3 .3  T Y H E E  LAKE

Tyhee L a k e  h a s  7  d o m e s t i c ,  1  w a t e r w o r k s  a n d  1  i n d u s t r i a l  l i c e n c e

( Tab le  6 ) .  T o t a l  d o m e s t i c  ( i n c l u d i n g  w a t e r w o r k s )  c o n s u m p t i o n  i s  4 3  m 3 / d
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and i n d u s t r i a l  c o n s u m p t i o n  i s  2 7  m s / d .  T h e  i n d u s t r i a l  w a t e r  l i c e n c e  ( C

44560) s u p p l i e s  a  t r a i l e r  p a r k  w i t h  d o m e s t i c  w a t e r .  T h e  m a j o r i t y  o f  t h e

w a t e r  l i c e n c e s  a r e  l o c a t e d  o n  t h e  e a s t  s i d e  o f  t h e  l a k e  ( F i g u r e  4 ) .

Tyhee L a k e  r e c e i v e s  m o d e r a t e  f i s h i n g  p r e s s u r e  f o r  pygmy w h i t e f i s h ,

b u r b o t ,  r a i n b o w  a n d  c u t t h r o a t  t r o u t .  T h e  l a k e  h a s  b e e n  s t o c k e d  i n t e r -

m i t t e n t l y  f r o m  1 9 5 5 .  T h e r e  w e r e  4 0  0 0 0  a n d  5 0  0 0 0  r a i n b o w  t r o u t  f i n g e r -

l i n g s  a d d e d  i n  1981  a n d  1 9 8 3  r e s p e c t i v e l y .  T h e  l a k e  c o n t a i n s  t h e  same

coarse  f i s h  a s  f o u n d  i n  K a t h l y n  L a k e .  T h e r e  a r e  n o  p l a n s  a t  p r e s e n t  b y

the  F i s h  a n d  W i l d l i f e  B r a n c h  t o  remove t h e  c o a r s e  f i s h .

Tyhee L a k e  i s  u s e d  i n t e n s i v e l y  f o r  r e c r e a t i o n  b y  t h e  l o c a l  r e s i -

den ts  o f  t h e  S m i t h e r s  a r e a .  T h e r e  i s  a  P r o v i n c i a l  P a r k  b e a c h  a r e a  o n

the  s o u t h  w e s t  s h o r e  w h i c h  i s  u s e d  f o r  sw imming  a n d  b o a t i n g .

3 .4  ROUND LAKE

Only t w o  d o m e s t i c  l i c e n c e s  a n d  o n e  w a t e r w o r k s  l i c e n c e  a r e  s i t u a t e d

on Round L a k e  ( Ta b l e  7 ;  F i g u r e  5 ) .  T h e  maximum l i c e n c e d  w i t h d r a w a l  i s

43 m 3 / d .  T h e  w a t e r  w i t h d r a w a l s  a r e  l o c a t e d  o n  t h e  s o u t h  e a s t  s h o r e ,  t h e

n o r t h  w e s t  s h o r e ,  a n d  t h e  n o r t h  e n d  o f  t h e  l a k e .

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

p r e s s u r e  o n  Round L a k e .  T h e  l a k e  c o n t a i n s  r a i n b o w  a n d  c u t t h r o a t  t r o u t ,

b u r b o t ,  a n d  c o a r s e  f i s h .  T h e  l a k e  h a s  b e e n  s t o c k e d  w i t h  r a i n b o w  t r o u t

f i n g e r l i n g s  s i n c e  1 9 5 6 .  R e c e n t  s t o c k i n g  i n c l u d e  4 5  0 0 0  i n  1 9 8 1 ,  5 5  0 0 0

i n  1 9 8 2 ,  a n d  5 0  0 0 0  i n  1 9 8 3 .  T h e r e  a r e  n o  p l a n s  f o r  t h e  r e m o v a l  o f  t h e

coarse  f i s h  a n d  r e s t o c k i n g  w i t h  r a i n b o w  t r o u t .

Round L a k e  i s  u s e d  e x t e n s i v e l y  f o r  s w i m m i n g  a n d  b o a t i n g  b y  t h e

r e s i d e n t s  o f  t h e  l o c a l  c o m m u n i t y.  R e s i d e n t s  f r o m  t h e  S m i t h e r s  a r e a  a r e

i n c l i n e d  t o  u s e  t h e  o t h e r  l a k e s  o u t l i n e d  i n  t h i s  r e p o r t  f o r  r e c r e a t i o n ,

because o f  t h e  l o n g e r  t r a v e l l i n g  d i s t a n c e s  t o  Round L a k e  ( D a l z i e l ,  p e r s .

comm.).
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4. WASTE DISCHARGES

Around t h e  f o u r  l a k e s ,  n o n - p o i n t  n u t r i e n t  d i s c h a r g e s  f r o m  a g r i c u l t u r e

and d o m e s t i c  s e p t i c  t a n k  t i l e  f i e l d s  a r e  t h e  o n l y  w a s t e  d i s c h a r g e s .  T h e

impact o f  l i v e s t o c k  o n  t h e  n u t r i e n t  c o n c e n t r a t i o n s  o f  t h e  i n f l o w  s t r e a m s  i s

considered i n  S e c t i o n  5 . 9 . 2 .  T h e  n u t r i e n t  l o a d i n g  f r o m  t h e  Smi thers  a i r p o r t

to  K a t h l y n  L a k e  i s  a l s o  cons idered  i n  S e c t i o n  5 . 9 . 2 .  N u t r i e n t  l o a d i n g  f r o m

sept ic  t a n k s  i s  cons idered  i n  d e t a i l  i n  t h i s  s e c t i o n .

4.1 PHOSPHORUS LOADING FROM SEPTIC TANKS

Phosphorus i n p u t  t o  e a c h  l a k e  v i a  s e p t i c  t a n k s  c a n  b e  e s t i m a t e d  u s i n g

the p r o c e d u r e s  o u t l i n e d  b y  W i e n s  ( 1 9 8 3 b ) .  S e p t i c  p l u m e s  c a n  a l s o  b e

detected b y  t h e  u s e  o f  a  f l u o r o m e t e r  s p e c i a l l y  equipped t o  d e t e c t  d e t e r g e n t s

i n  s e p t i c  e f f l u e n t .  A  f l u o r o m e t e r  o f  t h i s  t y p e  was u s e d  o n  a l l  f o u r  l a k e s .

The r e s u l t s  o f  t h e  surveys  a r e  c o n t a i n e d  i n  a  r e p o r t  b y  S u t t i e  and  Wiens ( i n

p r e p . ) .

The phosphorus i n p u t  f r o m  s e p t i c  t a n k s  f o r  each  watershed was e s t i m a t e d

by c o u n t i n g  t h e  number o f  houses p r e s e n t ,  a n d  a p p l y i n g  a n  a v e r a g e  d i s c h a r g e

value o f  5 . 5  k g / y r  o f  phosphorus p e r  home (Append ix  1 ) .  P h o s p h o r u s  l o a d i n g

to Seymour,  Ty h e e ,  a n d  Round Lakes  f r o m  s e p t i c  t a n k s  was e s t i m a t e d  b y  t h i s

method t o  b e  b e l o w  2  p e r c e n t  o f  t h e  annua l  phosphorus b u d g e t .  A s  a  r e s u l t ,

only K a t h l y n  Lake  i s  cons idered  f u r t h e r  i n  t h i s  s e c t i o n .

Air  p h o t o g r a p h s  f r o m  1 9 8 0  w e r e  u s e d  t o  c o u n t  t h e  homes w i t h i n  t h e

Kathlyn L a k e  w a t e r s h e d .  A  t o t a l  o f  5 6  houses  w e r e  n o t e d .  A s s u m i n g  y e a r

round o c c u p a n c y,  a n d  a  p h o s p h o r u s  l o a d i n g  r a t e  o f  5 . 5  k g / h o m e / y r  ( 1 . 8 3

kg /person /y r ;  3  p e r s o n s / h o u s e ) ,  r e s i d e n t i a l  d e v e l o p m e n t  c o n t r i b u t e d  3 0 0

k g / y r  o f  phosphorus i n t o  t h e  K a t h l y n  Lake  watershed .  N o t  a l l  t h e  phosphorus

d i s c h a r g e d  b y  s e p t i c  t a n k s  i n t o  t h e  w a t e r s h e d  w i l l  r e a c h  t h e  l a k e  s i n c e  a

good p o r t i o n  w i l l  b e  r e t a i n e d  b y  s o i l s  i n  w h i c h  t h e  d r a i n f i e l d s  a r e

l o c a t e d .
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Dr.  J .  H .  W i e n s ,  o f  t h e  S u r v e y s  a n d  R e s o u r c e  M a p p i n g  B r a n c h ,  e s t i m a t e d

the  p e r c e n t a g e  o f  t h e  3 0 0  k g / y r  d i s c h a r g e d  b y  s e p t i c  t a n k s  t h a t  w i l l  b e

absorbed b y  s o i l s ,  a n d  t h e  p e r c e n t a g e  t h a t  w i l l  r e a c h  t h e  l a k e .

Ta b l e  8  summar i zes  t h e  p h o s p h o r u s  l o a d i n g  d a t a .  T h e  t h r e e  s o i l  t y p e s

found  a r o u n d  K a t h l y n  L a k e  w e r e  f u r t h e r  d i v i d e d  i n t o  t h r e e  d i s t a n c e  z o n e s

around t h e  l a k e .  L i s t e d  i n  t h e  t a b l e  a r e  t h e  number  o f  h o u s e s ,  t h e  p h o s -

phorus t r a n s m i s s i o n  c o e f f i c i e n t s ,  a n d  t h e  e s t i m a t e d  p h o s p h o r u s  i n p u t  f r o m

s e p t i c  t a n k s  t o  t h e  l a k e .  I n  t o t a l ,  a n  e s t i m a t e d  2 8  k g / y r  e n t e r s  K a t h l y n

Lake v i a  s e p t i c  e f f l u e n t .  T h e  i m p a c t  o f  t h i s  l o a d i n g  o n  t h e  w a t e r  q u a l i t y ,

and t h e  l a k e ' s  p r e s e n t  e u t r o p h i c  s t a t e  i s  o u t l i n e d  i n  S e c t i o n  7 . 2 . 1 .

4 .2  DETECTION OF SEPTIC TANK EFFLUENT

The l i t t o r a l  z o n e s  o f  e a c h  l a k e  w e r e  a n a l y s e d  f o r  s e p t i c  i n f l o w s  u s i n g

a f l u o r o m e t e r  m o d i f i e d  t o  d e t e c t  t h e  w h i t e n e r s  a n d  b r i g h t e n e r s  c o n t a i n e d  i n

wash ing d e t e r g e n t s .  T h e  t e c h n i q u e  i s  d e s c r i b e d  b y  S u t t i e  a n d  W iens  ( 1 9 8 2 ) ,

and i s  u s e d  t o  d e t e c t  s e p t i c  p l u m e s  i n  t h e  l a k e .  T h e  r e s u l t s  f o r  e a c h  l a k e

w i l l  b e  d e s c r i b e d  i n  S u t t i e  a n d  W i e n s  ( i n  p r e p . ) ,  b u t  a r e  b r i e f l y  d e s c r i b e d
be low.

4 .2 .1  K AT H LY N  LAKE

Along t h e  s h o r e l i n e  o f  K a t h l y n  L a k e  t h e r e  w e r e  f o u r  a r e a s  o f  c o n c e r n

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

west  c o r n e r  p r o d u c e d  n o t i c e a b l y  i n c r e a s e d  f l u o r e s c e n c e .  O n e  a d d i t i o n a l  l o t

a t  t h e  s o u t h  e n d  was t h e  s i t e  o f  a  l e s s e r  i n c r e a s e .

The i n f l o w  f r o m  t h e  a i r p o r t  a r e a ,  o n  t h e  s o u t h e a s t  s i d e  o f  t h e  l a k e

produced a n  e x t r e m e  i n c r e a s e  i n  f l u o r e s c e n c e .
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The f i n a l  n o t e w o r t h y  a r e a  was  t h e  d e v e l o p e d  s h o r e l i n e  o n  t h e  e a s t  s i d e

o f  t h e  l a k e ,  a r o u n d  t h e  a r e a  o f  t w o  s t r e a m  i n f l o w s .  I n  t h i s  a r e a ,  f o r e -

shores  o f  s e v e r a l  l o t s  s h o w e d  h i g h  f l u o r e s c e n c e ,  w h i l e  t h e  s t r e a m  i n f l o w s

once a g a i n  p r o d u c e d  h i g h  r e a d i n g s  ( s i t e s  11 3 1 0 3 9 ,  11 3 1 0 4 0 ) .  T h i s  l a s t  a r e a

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

n u t r i e n t s  i n  t h e  w a t e r  a n d  s e d i m e n t .  H o w e v e r ,  n a t u r a l  o r g a n i c s  m a y  h a v e

i n c r e a s e d  t h e  r e a d i n g s  a s  w e l l .

14.2.2 SEYMOUR LAKE

The o n l y  n o t i c e a b l e  i n c r e a s e  i n  f l u o r e s c e n c e  o n  Seymour L a k e  was a t  t h e

mouth o f  Uppe r  Seymour  C r e e k  ( s i t e  11 3 1 0 4 1 ) .

4 . 2 . 3  T Y H E E  LAKE

U n f o r t u n a t e l y  t h e  r e s u l t s  c o l l e c t e d  f o r  Ty h e e  L a k e  a r e  i n c o n c l u s i v e .

Consequen t l y,  n o  i n t e r p r e t a t i o n  o f  s e p t i c  t a n k  e f f l u e n t  e n t e r i n g  t h e  l a k e  i s

made.

4 . 2 . 4  ROUND LAKE

N a t u r a l  o r g a n i c  s u b s t a n c e s  i n  Round L a k e  h a d  s u c h  a n  e f f e c t  o n  f l u o r e s -

cence t h a t  t h e  s u r v e y  r e s u l t s  a r e  o f  q u e s t i o n a b l e  v a l u e  f o r  i d e n t i f y i n g

s e p t i c  t a n k  i n f l o w s .  H o w e v e r ,  t h e  t w o  s t r e a m  i n f l o w s  ( S i t e s  11 3 1 0 4 4  a n d

1131045 F i g u r e  4 )  c a u s e d  l a r g e  i n c r e a s e s  i n  f l u o r e s c e n c e .  O n e  c r e e k  f l o w e d

t h r o u g h  a  c a t t l e  p e n ,  t h e  s e c o n d  f l o w e d  t h r o u g h  f a r m  f i e l d s .  R u n o f f  o r

l e a c h a t e  f r o m  t h e s e  s o u r c e s  u n d o u b t e d l y  a f f e c t e d  t h e  f l u o r e s c e n c e

measurements.

4 .3  S O I L  SUITABIL ITY FOR SEPTIC TANKS

The s u i t a b i l i t y  o f  t h e  s o i l s  f o r  s e p t i c  t a n k  t i l e  f i e l d s  w a s  b a s e d  o n

t h e  s o i l ' s  a b i l i t y  t o  a d s o r b  p h o s p h o r u s .  T h e  s o i l s  i n f o r m a t i o n  p r e s e n t e d  i n

Appendix  1  h a s  b e e n  condensed  a n d  r a n k e d  b y  t h e  a u t h o r s  i n t o  f o u r  c a t e g o r i e s
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a c c o r d i n g  t o  p h o s p h o r u s  a d s o r b i n g  a b i l i t y :  e x c e l l e n t ,  g o o d ,  m o d e r a t e  a n d

p o o r.  F i g u r e s  6  a n d  7  show t h e  d i s t r i b u t i o n  o f  s o i l s  o f  e a c h  l a k e ' s  w a t e r -

shed a n d  t h e  c o r r e s p o n d i n g  c a t e g o r y  f o r  s e p t i c  t a n k  s u i t a b i l i t y .

The f l u o r e s c e n c e  s u r v e y s  o u t l i n e d  i n  S e c t i o n  4 . 2 ,  i n d i c a t e  t h a t  t h e

i n f l o w  c r e e k s  t r a n s p o r t  s e p t i c  e f f l u e n t  t o  t h e  l a k e s .  C o n s e q u e n t l y ,  t h e

recommended s e t b a c k s  f o r  d e v e l o p m e n t s  ( S e c t i o n  7 . 3 )  s h o u l d  a p p l y  t o  n o t  o n l y

the  l a k e  f o r e s h o r e s  b u t  t h e  i n f l o w  c r e e k s  a s  w e l l .

4 .3 .1  K AT H LY N  LAKE

The m a j o r i t y  o f  s o i l s  a r o u n d  K a t h l y n  L a k e  a r e  c o n s i d e r e d  t o  h a v e  g o o d

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

M o r i c e t o w n - S l u g  s o i l s  ( M -SG) a t  t h e  s o u t h  a n d  e a s t  s h o r e  o f  t h e  l a k e  ( F i g u r e

6 ) .  T h e  0 - 1 0 0  m z o n e  i s  c o n s i d e r e d  t o  h a v e  m o d e r a t e  s u i t a b i l i t y  f o r  s e p t i c

t ank  d r a i n f i e l d s .  T h e  m o d e r a t e  z o n e  e x t e n d s  a l o n g  t h e  c r e e k  t h a t  r u n s

t h r o u g h  t h e  a r e a .  T h e  r e m a i n i n g  a r e a  o f  t h e  M o r r i c e t o w n - S l u g  s o i l s  i s

c o n s i d e r e d  t o  h a v e  g o o d  s u i t a b i l i t y  f o r  s e p t i c  t a n k s  d r a i n f i e l d s .

Around K a t h l y n  L a k e  t h e r e  a r e  s e v e r a l  h o u s e s  w i t h i n  t h e  a r e a  d e s i g n a t e d

as m o d e r a t e  s u i t a b i l i t y .  S e p t i c  d r a i n f i e l d s  f r o m  n e w  h o u s i n g  d e v e l o p m e n t s

shou ld  b e  s e t  b a c k  1 0 0  m i n  t h i s  a r e a .

4 . 3 . 2  SEYMOUR LAKE

L i k e  K a t h l y n  L a k e ,  t h e  m a j o r i t y  o f  s o i l s  a r o u n d  Seymour  L a k e  a r e  w e l l -

s u i t e d  t o  a d s o r b  p h o s p h o r u s  a n d  r e n o v a t e  s e p t i c  t a n k  e f f l u e n t  ( F i g u r e  6 ) .

However,  t h e  a r e a s  c o n t a i n i n g  t h e  B a r r e t t  s o i l s  ( B A )  o n  t h e  s o u t h  s h o r e ,  a n d

t h e  O r m o n d - P i n k u t  s o i l s  ( O D -PT)  o n  t h e  w e s t  s h o r e  a r e  c o n s i d e r e d  t o  h a v e

poor  s u i t a b i l i t y .  I t  i s  recommended t h a t  new  s e p t i c  d r a i n f i e l d  d e v e l o p m e n t

be 3 0 0  m o r  mo re  f r o m  t h e  l a k e  i n  t h e s e  s o i l  t y p e s .
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4 . 3 . 3  T Y H E E  LAKE

The Ty h e e  L a k e  w a t e r s h e d  h a s  a  m o r e  d i v e r s e  r a n g e  o f  s o i l  c o n d i t i o n s

than  t h e  o t h e r  l a k e s .  T h e  m a j o r i t y  o f  t h e  s o i l  t y p e s  a r e  w e l l  s u i t e d  t o

adsorb p h o s p h o r u s  f r o m  s e p t i c  t a n k  e f f l u e n t  ( F i g u r e  7 ) .  T h e  n o r t h  e a s t  a n d

sou th  w e s t  s h o r e l i n e  s o i l s  h a v e  m o d e r a t e  s u i t a b i l i t y  t o  a d s o r b  p h o s p h o r u s .

The s o i l  t y p e s  a r e  t h e  S l u g - B a r r e t t  ( S G - B A ) ,  B a r r e t t - A l i x  ( B A - A X ) ,  B a r r e t t -

Dahl ( B A - D L ) ,  a n d  D r i f t w o o d -Snodgrass  ( D D -SO) a s s o c i a t i o n s .  D e v e l o p m e n t  o f

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

g r e a t e r  t h a n  1 0  m f r o m  t h e  l a k e .

The s o i l  t y p e s  c o n s i d e r e d  t o  h a v e  p o o r  s u i t a b i l i t y  a r e  t h e  S t e l l a k o

(SL) a t  t h e  s o u t h  e n d  o f  t h e  l a k e ,  a n d  t h e  D a h l - B a r r e t t  ( D L -BA) s o i l s  i n  t h e

up land  a r e a  o n  t h e  e a s t  s i d e  o f  t h e  l a k e .  D e v e l o p m e n t  i n  t h i s  a r e a  s h o u l d

be s e t  b a c k  3 0 0  m  f r o m  t h e  l a k e  ( t h i s  r e c o m m e n d a t i o n  a l s o  h o l d s  f o r  t h e

unnamed l a k e  i n  D a h l - B a r r e t t  s o i l  t y p e  e a s t  o f  Ty h e e  L a k e ) .

4 . 3 . 4  ROUND LAKE

Two s o i l  t y p e s  d o m i n a t e  t h e  w a t e r s h e d  o f  Round L a k e ,  t h e  D r i f t w o o d  (DD)

and t h e  B a r r e t t - B a b i n e  ( B A -BE) a s s o c i a t i o n s  ( F i g u r e  7 ) .  B o t h  s o i l  t y p e s  a r e

w e l l  s u i t e d  f o r  s e p t i c  t a n k  e f f l u e n t .  C o n s e q u e n t l y ,  n o  s p e c i a l  b u i l d i n g

r e s t r i c t i o n s  a r e  recommended f o r  t h e  Round L a k e  w a t e r s h e d .
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5. WAT E R  QUALITY

5.1 TEMPERATURE

The i c e  u s u a l l y  l e f t  t h e  l a k e s  i n  l a t e  A p r i l .  F o l l o w i n g  t h i s ,  t h e  s u n

began w a r m i n g  t h e  s u r f a c e  w a t e r s ,  r e s u l t i n g  i n  a  d e c r e a s e  i n  d e n s i t y  a n d  a

concomi tan t  i n c r e a s e  i n  t h e r m a l  s t r a t i f i c a t i o n .  B y  l a t e  May o r  e a r l y  J u n e ,

t h e  s t r a t i f i c a t i o n  w a s  s u f f i c i e n t  t o  p h y s i c a l l y  i s o l a t e  t h e  e p i l i m n i o n  f r o m

the  h y p o l i m n i o n .  T h e  t e m p e r a t u r e  g r a d i e n t  s e p a r a t i n g  t h e s e  t w o  z o n e s  i s

termed t h e  m e s o l i m n i o n  o r  t h e r m o c l i n e .  F i g u r e  8  i l l u s t r a t e s  t h e  s t r a t i f i e d

c o n d i t i o n .

Maximum t e m p e r a t u r e s  o f  b e t w e e n  1 7 . 0  a n d  1 8 4 ° C  w e r e  a c h i e v e d  i n  m i d -

June ( s e e  F i g u r e s  9  t h r o u g h  1 1 ) .  N o t e  t h a t  t h e  s h a l l o w e r  l a k e s  ( K a t h l y n  a n d

Seymour) b e c a m e  t h e  w a r m e s t .  B y  m i d -September  c o o l i n g  h a d  e r o d e d  t h e

t h e r m o c l i n e  a n d  b r o u g h t  a b o u t  t h e  b r e a k d o w n  o f  s t r a t i f i c a t i o n .  A t  t h i s

p o i n t ,  t h e  e n t i r e  w a t e r  c o l u m n ,  w a s  i s o t h e r m a l  a n d  f r e e  t o  m i x .  W i n d  c a n

s u p p l y  t h e  r e q u i r e d  e n e r g y  f o r  t h i s  m i x i n g  w h i c h  i s  c a l l e d  f a l l  o v e r t u r n .

By December t h e  l a k e s  w e r e  a g a i n  f r o z e n  a n d  t h e r m a l l y  s t r a t i f i e d  u n d e r

t h e  i c e .  W a t e r  i s  m o s t  d e n s e  a t  4 ° C .  T h i s  w a t e r  i s  f o u n d  o n  t h e  b o t t o m

d u r i n g  t h e  w i n t e r  w i t h  c o l d e r  ( y e t  l e s s  d e n s e )  w a t e r  n e a r  t h e  s u r f a c e .

F o l l o w i n g  b r e a k  u p  o f  t h e  i c e  i n  t h e  s p r i n g ,  t h e  s u r f a c e  w a t e r s  w e r e  warmed

u n t i l  t h e  d e n s i t y  a p p r o x i m a t e d  t h a t  o f  t h e  h y p o l i m n i o n .  A t  t h i s  p o i n t ,

s p r i n g  o v e r t u r n  o c c u r r e d  a n d  t h e  p e r i o d  o f  s u m m e r  s t r a t i f i c a t i o n  w a s

r e p e a t e d .

5 .2  DISSOLVED OXYGEN

I d e a l l y  a  l a k e  s h o u l d  h a v e  s u f f i c i e n t  d i s s o l v e d  o x y g e n  t h r o u g h o u t  i t s

wa te r  c o l u m n  t o  s u p p o r t  v a r i o u s  i n h a b i t a n t s  ( z o o p l a n k t o n ,  b e n t h i c  i n v e r t e -

b r a t e s ,  f i s h ,  e t c . ) .  W i t h i n  t h e  e p i l i m n i o n ,  t h e  p r e s e n c e  o f  o x y g e n -

p r o d u c i n g  p h y t o p l a n k t o n  c o m b i n e d  w i t h  t h e  d i f f u s i o n  o f  o x y g e n  a c r o s s  t h e

a i r - w a t e r  i n t e r f a c e  m a i n t a i n e d  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  a t  o r  a b o v e

s a t u r a t i o n  l e v e l s .
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The s i t u a t i o n  was  d i f f e r e n t  i n  t h e  h y p o l i m n i o n .  D u r i n g  t h e  p e r i o d  o f

summer s t r a t i f i c a t i o n  t h e  c o n c e n t r a t i o n  o f  e p i l i m n e t i c  p h y t o p l a n k t o n  w a s

s u f f i c i e n t l y  h i g h  t h a t  a l m o s t  a l l  l i g h t  w a s  a b s o r b e d .  C o n s e q u e n t l y ,  f e w

p h y t o p l a n k t o n  e x i s t  i n  t h e  h y p o l i m n i o n .  T h e  l a c k  o f  a n  o x y g e n  s o u r c e  ( i . e .

p h o t o s y n t h e s i s ) ,  a n d  t h e  d e n s i t y  g r a d i e n t  c r e a t e d  b y  t h e  t h e r m o c l i n e  w h i c h

p reven ted  m i x i n g  w i t h  w e l l - o x y g e n a t e d  e p i l i m n e t i c  w a t e r ,  r e s u l t e d  i n  a n o x i c

(no o x y g e n )  c o n d i t i o n s  i n  t h e  h y p o l i m n i o n  when o r g a n i c  m a t t e r  s u s p e n d e d  o r

d i s s o l v e d  i n  t h e  w a t e r  o r  o n  t h e  b o t t o m  i s  d e c a y e d  b y  o x y g e n -consuming

m i c r o o r g a n i s m s .

Dur ing  t h e  w i n t e r ,  t h e  p r e s e n c e  o f  i c e  a n d  snow  r e d u c e d  t h e  d i f f u s i o n

o f  o x y g e n  a c r o s s  t h e  a i r - w a t e r  i n t e r f a c e ,  a n d  g r e a t l y  a t t e n u a t e d  t h e

a v a i l a b l e  l i g h t .  A s  a  r e s u l t ,  t h e  h y p o l i m n i o n  d i d  n o t  h a v e  a n y  s o u r c e s  o f

oxygen d u r i n g  t h e  w i n t e r .  C o n s e q u e n t l y  a n o x i c  c o n d i t i o n s  p e r s i s t e d  t h r o u g h

t h e  w i n t e r  a t  t h e  b o t t o m  o f  e a c h  l a k e .

F i g u r e s  1 2  t h r o u g h  1 4  i l l u s t r a t e  t h e  a n n u a l  p a t t e r n  o f  o x y g e n  c o n c e n -

t r a t i o n s  i n  t h e  l a k e s .  N o t e  t h a t  t h e  s p r i n g  a n d  f a l l  o v e r t u r n s  r e p r e s e n t

the- o n l y  p e r i o d s  w h e n  o x y g e n  w a s  p r e s e n t  t h r o u g h o u t  t h e  e n t i r e  w a t e r

column.

5.3  S P E C I F I C  CONDUCTIVITY AND HARDNESS

S p e c i f i c  c o n d u c t i v i t y  i s  a  measu re  o f  t h e  a b i l i t y  o f  w a t e r  t o  c o n d u c t

e l e c t r i c i t y .  I t  i s  d i r e c t l y  r e l a t e d  t o  t h e  d i s s o l v e d  s o l i d s  c o n t e n t  o f  t h e

w a t e r .  T h e  s p e c i f i c  c o n d u c t a n c e  o f  K a t h l y n  a n d  Seymour  l a k e s  w a s  q u i t e  l o w

( Ta b l e  9 ) .  T h e  v o l c a n i c  g e o l o g y  o f  t h e  a r e a ,  a n d  t h e  r e l a t i v e l y  h i g h

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

hardness o f  w a t e r  i s  e x p r e s s e d  a s  t h e  e q u i v a l e n t  c o n c e n t r a t i o n  o f  c a l c i u m

c a r b o n a t e .  U s u a l l y  c a l c i u m  a n d  magnesium r e p r e s e n t  t h e  most  prominent  com-

ponents o f  h a r d n e s s .  C a l c i u m ,  w h i c h  i s  u s u a l l y  i n  g r e a t e r  c o n c e n t r a t i o n s

than  m a g n e s i u m ,  i s  d i s s o l v e d  ( w e a t h e r e d  o r  o x i d i z e d )  v e r y  s l o w l y  f r o m

igneous a n d  m e t a m o r p h i c  r o c k s ;  t h u s  w a t e r  i n  c o n t a c t  w i t h  s u c h  r o c k s

commonly c a r r i e s  l o w  c o n c e n t r a t i o n s  o f  c a l c i u m .  K a t h l y n  a n d  Seymour  L a k e s
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had s u f f i c i e n t l y  l o w  c o n c e n t r a t i o n s  o f  c a l c i u m  a n d  magnes ium t h a t  t h e i r

wa te r  s h o u l d  b e  c o n s i d e r e d  s o f t  ( Ta b l e  9 ) .

Tyhee a n d  R o u n d  l a k e s  h a d  s i g n i f i c a n t l y  h i g h e r  s p e c i f i c  c o n d u c t i v i t i e s ,

hardness a n d  d i s s o l v e d  s o l i d s  i n  t h e  w a t e r  ( Ta b l e  1 0 ) .  L o w e r  f l u s h i n g  r a t e s

and t h e  i n f l u e n c e  o f  t h e  c a l c a r e o u s  D r i f t w o o d  S o i l s  o n  t h e  e a s t  s i d e  o f  t h e

l a k e s  w e r e  l i k e l y  r e s p o n s i b l e  f o r  t h e  g r e a t e r  c o n c e n t r a t i o n  o f  c a l c i u m  w h i c h

was, i n  t u r n ,  r e s p o n s i b l e  f o r  t h e  m o d e r a t e l y  h a r d  w a t e r  i n  t h e s e  t w o  l a k e s .

5.4 T U R B I D I T Y

T u r b i d i t y  i s  a n  o p t i c a l  p r o p e r t y  o f  w a t e r  e x p r e s s e d  i n  n e p h e l o m e t r i c

t u r b i d i t y  u n i t s  ( N . T . U . ) .  A l l  v a l u e s  e x c e p t  o n e  ( T y h e e  L a k e  e p i l i m n i o n )

were l o w ,  w h i c h  i n d i c a t e s  r e l a t i v e l y  c l e a r  w a t e r  ( Ta b l e s  9  a n d  1 0 ) .

T u r b i d i t y  i n  l a k e s  c a n  b e  c a u s e d  e i t h e r  b y  suspended  i n o r g a n i c  s o l i d s

e n t e r i n g  t h e  l a k e  v i a  t h e  i n f l o w  s t r e a m s ,  o r  b y  h i g h  c o n c e n t r a t i o n s  o f

p l a n k t o n i c  a l g a e  i n  t h e  s u r f a c e  w a t e r s .  I n  a l l  t h e  l a k e s ,  t u r b i d i t y  f r o m

i n o r g a n i c  s o l i d s  ( e v e n  d u r i n g  f r e s h e t )  w a s  l o w .  C o n s e q u e n t l y  t h e  o b s e r v e d

t u r b i d i t y  w a s  c a u s e d  b y  p l a n k t o n i c  a l g a e .  C o m p a r i s o n  o f  t h e  d a t a  t o  t h e

t u r b i d i t y  s t a n d a r d  f o r  d o m e s t i c  w a t e r  s u p p l i e s  i s  c o n t a i n e d  i n  S e c t i o n  7 . 1 .

5.5 COLOUR

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

or  s u s p e n d e d  s o l i d s .  T h e  b r e a k d o w n  o f  v e g e t a t i v e  m a t t e r ,  p a r t i c u l a r l y

Sphagnum ( p e a t  m o s s ) ,  w i l l  r e l e a s e  d i s s o l v e d  t a n n i n  a n d  l i g n i n s  i n t o  t h e

wa te r  c a u s i n g  a  b r o w n  c o l o u r a t i o n .  H i g h  c o l o u r  c o n t e n t  w i l l  a f f e c t  t h e

s u i t a b i l i t y  o f  t h e  w a t e r  f o r  d o m e s t i c  d r i n k i n g  p u r p o s e s  ( S e c t i o n  7 . 1 ) .

Seymour L a k e  h a d  t h e  h i g h e s t  c o l o u r  r e s u l t s  o f  t h e  f o u r  l a k e s  ( 5 0

T. C . U . )  ( T a b l e s  9  a n d  1 0 ) .  T h e  d i s t i n c t  b r o w n  c o l o u r  o f  t h e  l a k e  w a s

c h a r a c t e r i s t i c  o f  d y s t r o p h i c  o r  b o g  l a k e s ,  a l t h o u g h  n o  Sphagnum was o b s e r v e d

i n  t h e  l a k e .  T h e  o t h e r  l a k e s  h a d  much l o w e r  c o l o u r  v a l u e s  ( 7 - 2 0  T. C . U . ) .
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5.6 CARBON

Organic c a r b o n  i s  t h a t  w h i c h  i s  i n c o r p o r a t e d  i n t o  l i v i n g  ( o r  o n c e
l i v i n g )  m a t e r i a l .  K a t h l y n  Lake e x h i b i t e d  an o rgan ic  carbon concen t ra t i on  o f
6 mg/L wh ich  i s  cons idered  t o  be  moderate.  S e y m o u r,  Tyhee and Round l a k e s
had o r g a n i c  c a r b o n  c o n c e n t r a t i o n s  r a n g i n g  f r o m  m o d e r a t e l y  h i g h  t o  h i g h
(7.33-14.0 mg/L) ( Ta b l e s  9  and 1 0 ) .

Inorganic c a r b o n  i s  t h a t  p r e s e n t  a s  f r e e  ca rbon  d i o x i d e ,  b i c a r b o n a t e
and c a r b o n a t e  i o n s .  K a t h l y n  a n d  Seymour L a k e s  h a d  c o n c e n t r a t i o n s  o f
inorganic  c a r b o n  w h i c h  a r e  cons ide red  t o  b e  l o w .  R o u n d  a n d  Tyhee Lakes
contained h i g h  l e v e l s  wh i ch  a r e  c o n s i s t e n t  w i t h  t h e  hardness r e s u l t s  o u t -
l i ned  i n  Sec t i on  5 . 3 .  B a s e d  o n  t h e  pH o f  t h e  w a t e r,  most  o f  t h e  i n o r g a n i c
carbon w i l l  be  i n  t h e  b ica rbona te  fo rm (Wetze l ,  1 9 7 5 ) .

5.7 TOTAL ALKALINITY

A l k a l i n i t y  i s  a  measure o f  t h e  w a t e r ' s  c a p a c i t y  t o  n e u t r a l i z e  a c i d .
This r e s u l t s  f r o m  t h e  a b i l i t y  o f  ca rbona te  (COO and  b i ca rbona te  (HCO3) t o
absorb H+ i o n s  ( t h e  p roduc t  o f  a c i d  d i s s o c i a t i o n  i n  w a t e r ) .  T h e  g r e a t e r  t h e
concentrat ions o f  ca rbona te  a n d  b i c a r b o n a t e  ( h i g h  a l k a l i n i t y )  t h e  g r e a t e r
the a b i l i t y  t o  n e u t r a l i z e  a c i d s .  A t  t h e  observed range o f  pH ( 6 . 5 - 8 . 7 )  t h e
dominant f o rms  o f  i n o r g a n i c  ca rbon  would  b e  t h e  b i ca rbona te  i o n  (HCO3) and

carbon d i o x i d e  (002)  ( We t z e l ,  1975 ) .

The s e n s i t i v i t y  o f  B .C.  l a k e s  t o  a c i d  p r e c i p i t a t i o n  i s  be ing  considered

by Swa in  ( p e r s .  comm. ) .  A c c o r d i n g  t o  t h e  c l a s s i f i c a t i o n  s y s t e m  u s e d  b y
Swain, K a t h l y n  Lake w i t h  a n  a l k a l i n i t y  o f  2 0  mg/L ( Ta b l e  9 )  has  a  moderate
s e n s i t i v i t y  t o  a c i d  p r e c i p i t a t i o n .  S e y m o u r ,  Round a n d  Tyhee  Lakes  h a v e
higher a l k a l i n i t i e s  ( 3 7 ,  120  and 140 mg/L r e s p e c t i v l y )  and a r e  cons idered t o

have  l o w  s e n s i t i v i t y  t o  a c i d  p r e c i p i t a t i o n .
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5 .8  METALS

Each l a k e  w a s  s a m p l e d  f o r  a  l i m i t e d  numbe r  o f  m e t a l s  i n  1 9 8 2  ( Ta b l e

11 ) .  M o s t  m e t a l s  w e r e  b e l o w  d e t e c t a b l e  l i m i t s .  L e a d  was  d e t e c t e d  i n  s m a l l

q u a n t i t i e s ,  a n d  was  a t  o r  b e l o w  t h e  m o s t  s e n s i t i v e  c r i t e r i o n  o f  5  p g / L  f o r

a q u a t i c  l i f e  i n  s o f t  w a t e r  (Demayo e t  a l . ,  1 9 8 0 ) .

5.9 NUTRIENTS

E u t r o p h i c a t i o n  i s  t h e  r e s u l t  o f  i n c r e a s e d  n u t r i e n t  c o n c e n t r a t i o n s  i n  a

l a k e  o r  r e s e r v o i r ,  a n d  t h e  c o n c o m i t a n t  d e c r e a s e  i n  w a t e r  q u a l i t y .  T h e  m a i n

focus  o f  t h i s  s t u d y  w a s  t o  e v a l u a t e  t h e  n u t r i e n t s  a f f e c t i n g  w a t e r  q u a l i t y ,

t empo ra l  c h a n g e s  o f  n u t r i e n t s ,  a n d  t h e  q u a n t i t y  a n d  s o u r c e s  o f  n u t r i e n t s

e n t e r i n g  t h e  l a k e  f r o m  t h e  w a t e r s h e d .  B y  u n d e r s t a n d i n g  t h e s e  p r o c e s s e s ,

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

n u t r i e n t s  w h i c h  w i l l  u l t i m a t e l y  i m p r o v e  t h e  o v e r a l l  q u a l i t y  o f  t h e  w a t e r .

A l s o ,  l a k e  management  g u i d e l i n e s  ( r e q u i r e d  f o r  p l a n n i n g  f u t u r e  l a k e s h o r e

deve lopment )  c a n  b e  d e s i g n e d  t o  m i n i m i z e  t h e  e f f e c t s  o f  w a t e r s h e d  d e v e l o p -

ment o n  w a t e r  q u a l i t y .

5 .9 .1  N U T R I E N T L IMITATION

Other  t h a n  l i g h t ,  n i t r o g e n  a n d  p h o s p h o r u s  a r e  u s u a l l y  t h e  t w o  k e y

e lements  l i m i t i n g  p l a n t  g r o w t h .  I n  t h e  t e r r e s t r i a l  a n d  m a r i n e  e n v i r o n m e n t s ,

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

u s u a l l y  l i m i t i n g  t h e  g r o w t h  o f  p l a n k t o n i c  a l g a e .

To c o n f i r m  t h i s  a s s u m p t i o n ,  i n v e s t i g a t i o n s  b y  H u t c h i n s o n  ( 1 9 5 7 )  a n d

Forsbe rg  a n d  R y d i n g  ( 1 9 8 0 ) ,  h a v e  compared  t h e  w e i g h t  r a t i o s  o f  n i t r o g e n  a n d

phosphorus p r e s e n t  i n  t h e  w a t e r .  T h e y  h a v e  f o u n d  t h a t  i f  t h e  w e i g h t  r a t i o

o f  t o t a l  n i t r o g e n  t o  t o t a l  p h o s p h o r u s  i n  t h e  l a k e  o r  r e s e r v o i r  i s  1 5 : 1  o r

g r e a t e r ,  t h e  p l a n k t o n  g r o w t h  i s  l i m i t e d  b y  t h e  a v a i l a b i l i t y  o f  p h o s p h o r u s .
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However, i f  t h e  r a t i o  i s  5 : 1  o r  l e s s ,  t h e  p l a n k t o n  a r e  s a i d  t o  b e  i n  a

n i t rogen  l i m i t i n g  env i ronment .  T a b l e  1 2  summarizes t h e  n i t r o g e n -phosphorus

weight r a t i o s  f o r  a l l  f o u r  l a k e s  i n  1 9 8 2 .

In  a l l  l a k e s ,  t h e  w e i g h t  r a t i o  was u s u a l l y  g r e a t e r  t h a n  1 5 : 1 .  I n  Round

and K a t h l y n  Lakes  some r a t i o s  b e l o w  1 5 : 1  w e r e  encounte red ,  b u t  d u r i n g  most

of t h e  summer a n d  f a l l  g r o w i n g  season ,  phosphorus was t h e  n u t r i e n t  l i m i t i n g

phytoplanktonic  g r o w t h .  C o n s e q u e n t l y ,  phosphorus  w i l l  r e c e i v e  t h e  m a i n

a t t e n t i o n  o f  t h i s  s e c t i o n .

5 . 9 . 2  PHOSPHORUS LOADING

The q u a n t i t y  ( o r  l o a d i n g )  o f  phosphorus  e n t e r i n g  e a c h  l a k e  c a n  b e

approximated i n  t w o  w a y s .  T h e  f i r s t  i n v o l v e s  t h e  u s e  o f  m o d e l s  w h i c h

consider l a k e  m o r p h o l o g y,  s p r i n g  o v e r t u r n  phosphorus  c o n c e n t r a t i o n  a n d

f l u s h i n g  r a t e .  T h e  s e c o n d  r e q u i r e s  t h e  i d e n t i f i c a t i o n  o f  t h e  s o u r c e s  o f

phosphorus a n d  q u a n t i f i c a t i o n  o f  t h e i r  a n n u a l  i n p u t .  T h i s  r e p o r t  c o n s i d e r s

bo th  a p p r o a c h e s .

5 . 9 . 2  a )  Phosphorus Loading  Models

There a r e  t w o  models  commonly u s e d  f o r  l a k e  s t u d i e s ,  t h e  Reckhow a n d

Simpson ( 1 9 8 0 )  a n d  t h e  D i l l o n  a n d  R i g l e r  ( 1 9 7 5 )  m o d e l s .  T h e  D i l l o n  a n d

R i g l e r  model  i s  n o t  s u i t e d  f o r  s h a l l o w  l a k e s  w i t h  mean depths  o f  l e s s  t h a n

10 m ( K a t h l y n  4 . 6  m a n d  Seymour 5 . 7  m ) .  S e c o n d l y ,  t h e  D i l l o n  a n d  R i g l e r

model i n c o r p o r a t e s  a  phosphorus  s e d i m e n t a t i o n  c o e f f i c i e n t  w h i c h  i s  n o t

su i ted  f o r  l a k e s ,  l i k e  Round a n d  Ty h e e ,  t h a t  r e l e a s e  phosphorus f r o m  t h e

lake s e d i m e n t s .  F o r  t h e s e  r e a s o n s ,  t h i s  r e p o r t  w i l l  u s e  t h e  Reckhow a n d

Simpson model  w h i c h  does  n o t  h a v e  t h e  l i m i t a t i o n s  o f  t h e  D i l l o n  a n d  R i g l e r

model d i s c u s s e d  a b o v e .
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S p r i n g  O v e r t u r n
Phosphorus

C o n c e n t r a t i o n
qs

( m / y r )

Es t ima ted
Area l

Load ing  R a t e

Es t ima ted
To t a l

Annual
(mg/L) ( g / m 2 / y r ) Loading ( k g )

K a t h l y n  L a k e 0.020 4.0 0.33 560
Seymour L a k e 0.052 6.2 0.99 885
Round L a k e 0.070 3.1 1.07 1950
Tyhee L a k e 0.020 2 .2 0.28 890

The Reckhow a n d  S impson  ( 1 9 8 0 )  f o r m u l a  i s :

L

P=

11.6  +  1 . 2  q s

where:

qs =  s u r f a c e  o v e r f l o w  r a t e ,  q s  =  Z / T

Z =  mean d e p t h  o f  t h e  l a k e  ( m )

T =  h y d r a u l i c  r e s i d e n c e  t i m e ( y r )

L =  a n n u a l  p h o s p h o r u s  l o a d i n g  ( g / m 2  / y r )

P =  l a k e  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n  ( m g / L )  a t  s p r i n g  o v e r t u r n .

The o n l y  unknown i n  t h e  e q u a t i o n  i s  L .  T o  s o l v e  f o r  L  t h e  f o r m u l a  i s

r e w r i t t e n :

L =  P ( 11 . 6  +  1 . 2  q s )

The R e o k h o w  a n d  S i m p s o n  m o d e l  p r e d i c t s  t h a t  t h e  a n n u a l  p h o s p h o r u s

budget w a s  a p p r o x i m a t e l y  5 6 0  k g  f o r  K a t h l y n  L a k e ,  8 8 5  k g  f o r  Seymour  L a k e ,

890 k g  f o r  T y h e e  L a k e ,  a n d  1 9 5 0  k g  f o r  R o u n d  L a k e  a s  s h o w n  i n  t h e  t a b l e

be low.

PHOSPHORUS LOADING RATES
FOR THE STUDY LAKES I N  1 9 8 2
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These c a l c u l a t i o n s  a r e  u s e f u l  when  c o m p a r i n g  t h e  i m p o r t a n c e  o f  t h e  i n d i -

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

S e c t i o n  4 . 1  c o m p a r e d  t h e  p h o s p h o r u s  i n p u t  f r o m  s e p t i c  t a n k s .  T h i s  s e c t i o n

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

and l a k e  s e d i m e n t s )  a n d  c o m p a r e s  t h e m  t o  t h e  a n n u a l  p h o s p h o r u s  b u d g e t

c a l c u l a t e d  i n  t h e  a b o v e  t a b l e .  S e c t i o n  7 . 2  a t t e m p t s  t o  d i s c u s s  t h e  m a j o r

phosphorus s o u r c e s  a n d  o u t l i n e s  l a k e  r e s t o r a t i o n  me thods  d e s i g n e d  t o  r e d u c e

the  m a j o r  s o u r c e s  o f  p h o s p h o r u s .

5 . 9 . 2  b )  K a t h l y n  L a k e

K a t h l y n  L a k e  h a d  l o w  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n s  d u r i n g  t h e  w i n t e r ,

s p r i n g ,  a n d  f a l l  w i t h  v a l u e s  r a n g i n g  f r o m  11  t o  2 0  p g / L  ( F i g u r e  1 5 ) .  T h e

s p r i n g  o v e r t u r n  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n  ( e a r l y  M a y )  w a s  2 0  p g / L .

D u r i n g  t h e  s u m m e r,  c o n c e n t r a t i o n s  i n c r e a s e d  t o  maximum s u r f a c e  a n d  b o t t o m

va lues  o f  4 3  a n d  6 6  p g / L ,  r e s p e c t i v e l y ,  i n  l a t e  J u l y .  T h e  c o n s t a n t  i n c r e a s e

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

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

s t ream c r  s u r f a c e  w a t e r  ( F i g u r e  1 5 ) .

Or tho -phosphorus  c o n c e n t r a t i o n s  r e m a i n e d  l o w  i n  b o t h  t h e  e p i l i m n i o n  a n d

h y p o l i m n i o n  t h r o u g h o u t  t h e  y e a r .  T h e  l o w  v a l u e s  o b s e r v e d  a t  t h e  s e d i m e n t -

wa te r  i n t e r f a c e  i n d i c a t e  t h a t  t h e  r e l e a s e  o f  p h o s p h o r u s  f r o m  a n o x i c  s e d i m e n t s

(common i n  e u t r o p h i c  l a k e s ;  V o l l e n w e i d e r ,  1 9 7 6 )  w a s  n o t  o c c u r r i n g .

N i t r o g e n  ( F i g u r e  1 6 )  c a n  o c c u r  a s  n i t r a t e ,  ammonia  o r  o r g a n i c a l l y  bound

n i t r o g e n .  N i t r a t e - n i t r o g e n ,  w a s  r a r e l y  d e t e c t a b l e  i n  b o t h  t h e  s u r f a c e  a n d

bot tom w a t e r s  f r o m  J u n e  t h r o u g h  O c t o b e r  ( v a l u e s  f o r  w i n t e r  a n d  s p r i n g  a r e

n o t  a v a i l a b l e ) .  A m m o n i a - n i t r o g e n  c o n c e n t r a t i o n s  i n  t h e  s u r f a c e  w a t e r  w e r e

c o n s i s t e n t l y  b e l o w  2 5  p g / L ,  w h i l e  b o t t o m  c o n c e n t r a t i o n s  r e a c h e d  3 0 0  p g / L
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during t h e  summer a n o x i c  p e r i o d * .  T h e  h i g h  hypo l imn ion  ammonia c o n c e n t r a -

t ions w e r e  o x i d i z e d  t o  n i t r a t e  a t  f a l l  o v e r t u r n  when oxygen was r e - i n t r o -

duced i n t o  t h e  b o t t o m  w a t e r s .  O r g a n i c  n i t r o g e n  w a s  r e l a t i v e l y  s t a b l e ,

ranging f r o m  2 5 0  t o  3 7 0  1.1g/L i n  b o t h  t h e  s u r f a c e  and  bottom w a t e r s .

Normal ly,  a  g r e a t  d e a l  o f  s t r e a m  f l o w  a n d  n u t r i e n t  d a t a  a r e  c o l l e c t e d

to understand t h e  l o a d i n g  o f  phosphorus e n t e r i n g  e a c h  l a k e .  U n f o r t u n a t e l y ,

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

t i o n  i n  t h i s  c a s e .  T h e r e  a r e  s u f f i c i e n t  d a t a ,  h o w e v e r ,  t o  e s t i m a t e  t h e

importance o f  phosphorus l o a d i n g  f r o m  s t reams f o r  e a c h  watershed.

The n u t r i e n t  d a t a  f o r  a l l  s t r e a m s  f l o w i n g  i n t o  K a t h l y n  L a k e  a r e  sum-

marized i n  Ta b l e  1 3 .  T h e  l o c a t i o n s  o f  t h e  s a m p l i n g  s i t e s  a r e  shown i n

Figure 2 .  S e v e r a l  o b v i o u s l y  h i g h  phosphorus c o n c e n t r a t i o n s  a r e  observed  i n

the d a t a .  T h e  m o s t  o b v i o u s  i s  t h e  a i r p o r t  d r a i n a g e  a r e a .  T h i s  h a s  b e e n

r e c o g n i z e d  i n  t h e  p a s t  a s  a  p o t e n t i a l  p r o b l e m  caused b y  t h e  m i x i n g  o f  f i r e

r e t a r d a n t  o n  t h e  r u n w a y  ( H a w t h o r n ,  1 9 7 6 ) .  T h e  e x t e n t  o f  t h e  p r o b l e m  i s

severe  a s  i n d i c a t e d  b y  t h e  e x t r a o r d i n a r i l y  h i g h  p h o s p h o r u s  c o n c e n t r a t i o n s

occurr ing  d u r i n g  f r e s h e t .

The a r e a  d r a i n i n g  t h e  a i r p o r t  i s  e s t i m a t e d  a t  5 0 0  0 0 0  m2. B a s e d  o n  t h e

h y d r o l o g y  d a t a  i n  S e c t i o n  2 ,  a n  e s t i m a t e d  0 . 2 5  m3/m2 o f  r u n o f f  w i l l  e n t e r

Kathlyn Lake i n  a n  average  p r e c i p i t a t i o n  y e a r  f r o m  t h e  a i r p o r t  a r e a .  C o n s e -

q u e n t l y,  a n  e s t i m a t e d  1 2 5  0 0 0  m3 o f  w a t e r  w i l l  e n t e r  K a t h l y n  Lake  f r o m  t h i s

area .  I f  t h e  a v e r a g e  c o n c e n t r a t i o n  o f  phosphorus o f  t h e  a i r p o r t  r u n o f f

( s i t e  11 3 1 0 3 7 )  i s  2  mg/L ( T a b l e  1 3 ) ,  t h e n  2 5 0  k g  o f  phosphorus i s  expec ted

t o  e n t e r  K a t h l y n  L a k e  i n  an. a v e r a g e  p r e c i p i t a t i o n  y e a r .  T h i s  r e p r e s e n t  4 5

percent  o f  t h e  a n n u a l  phosphorus b u d g e t  t o  t h e  l a k e  a s  d e t e r m i n e d  b y  t h e

Reckhow a n d  Simpson ( 1 9 8 0 )  m o d e l .

* T h e  8 3 0  1.1.13/L ammonia- n i t r o g e n  v a l u e  r e c o r d e d  o n  September 8 ,  1 9 8 2  i s  n o t
regarded a s  r e p r e s e n t a t i v e .  C o n t a m i n a t i o n  o f  t h e  sample f r o m  l a k e  sediments
i s  s u s p e c t e d .
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S o i l s  s u r r o u n d i n g  t h e  a i r p o r t  a r e  r e l a t i v e l y  i m p e r v i o u s .  T h e s e

n u t r i e n t s  t h e r e f o r e  r e m a i n  a t  o r  n e a r  t h e  s u r f a c e  a l l o w i n g  f o r  t h e i r

e v e n t u a l  d r a i n a g e  i n t o  K a t h l y n  L a k e .  H a w t h o r n  ( 1 9 7 6 )  f o u n d  n i t r o g e n  a n d  p h o s -

phorus l e v e l s  i n  a i r p o r t  d r a i n a g e  d i t c h e s  t o  b e  i n  e x c e s s  o f  1 0 0 0  t i m e s  t h e

c o n c e n t r a t i o n s  f o u n d  i n  t h e  l a k e .  T h e  r e p o r t  recommended e x a m i n a t i o n  o f  t h e

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

t h i s  d r a i n a g e  p a t t e r n  t o  r e d i r e c t  r u n o f f  t o w a r d  t h e  B u l k l e y  R i v e r .

A p p a r e n t l y,  m o d i f i c a t i o n  o f  t h e  d r a i n a g e  f o r  m o s t  o f  t h e  r u n w a y  w a s

c a r r i e d  o u t ,  b u t  t h i s  d i d  n o t  a f f e c t  r u n o f f  f r o m  t h e  B . C .  F o r e s t  S e r v i c e

s t a g i n g  a r e a  ( H a w t h o r n ,  p e r s .  c o m m . ) ,  a n d  n o r t h  e n d  o f  t h e  r u n w a y.

5 . 9 . 2  c )  S e y m o u r  L a k e

Seymour L a k e  h a d  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n s  o f  3 0 - 3 3  p g / L  d u r i n g

the  w i n t e r  ( F i g u r e  1 7 ) .  A t  s p r i n g  o v e r t u r n ,  t h e  t o t a l  s u r f a c e  c o n c e n -

t r a t i o n s  i n c r e a s e d  t o  5 2  p g / L  ( t h e  h i g h e s t  r e c o r d e d  f o r  t h e  y e a r ) ,  a n d  t h e n

f o l l o w i n g  a  d e c r e a s e  t o  1 9  p g / L  ( S e p t e m b e r  8 ,  1 9 8 2 )  c l i m b e d  b a c k  t o  5 0  p g / L

i n  t h e  f a l l .  B o t t o m  c o n c e n t r a t i o n s  o f  t o t a l  p h o s p h o r u s  f o l l o w e d  a  s i m i l a r

p a t t e r n  w i t h  o v e r a l l  c o n c e n t r a t i o n s  a  l i t t l e  h i g h e r .

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

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

wa te r  c o n c e n t r a t i o n s  i n c r e a s e d  f o l l o w i n g  s p r i n g  o r  f a l l  o v e r t u r n .  O t h e r  d a t a ,

however,  d o  n o t  s u p p o r t  t h i s  h y p o t h e s i s .  L a k e s  w h i c h  d o  r e l e a s e  p h o s p h o r u s

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

above t h e  s e d i m e n t - w a t e r  i n t e r f a c e  d u r i n g  l a t e  w i n t e r  a n d  summer.  T h e  maximum

o r t h o - p h o s p h o r u s  c o n c e n t r a t i o n  r e c o r d e d  i n  t h e  a n o x i c  h y p o l i m n i o n  o f  Seymour

Lake d u r i n g  l a t e  s u m m e r  w a s  5  p g / L  o n  S e p t e m b e r  8 ,  1 9 8 2 .  T h i s  i s  n o t

c o n s i d e r e d  a  s i g n i f i c a n t  c o n c e n t r a t i o n  o f  i n o r g a n i c  p h o s p h o r u s .  C o n s e q u e n t l y ,

t he  r e l e a s e  o f  p h o s p h o r u s  f r o m  t h e  s e d i m e n t s  o f  Seymour  L a k e ,  d i d  n o t  o c c u r  i n

s u f f i c i e n t  q u a n t i t i e s  t o  c a u s e  t h e  e l e v a t e d  p h o s p h o r u s  c o n c e n t r a t i o n s .
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Sur face  c o n c e n t r a t i o n s  o f  a l l  f o r m s  o f  n i t r o g e n  w e r e  c o n s t a n t  f r o m  J u n e

t h r o u g h  O c t o b e r  ( n o  r e s u l t s  f o r  J a n u a r y  t h r o u g h  M a y ) .  A m m o n i a - n i t r o g e n

ranged f r o m  6  t o  314 u g / L ,  w i t h  t h e  h i g h e r  c o n c e n t r a t i o n s  o c c u r r i n g  l a t e  i n

the  s u m m e r  ( F i g u r e  1 8 ) .  N i t r a t e - n i t r o g e n  w a s  a l w a y s  b e l o w  t h e  2 0  p g / L

d e t e c t i o n  l i m i t .  O r g a n i c  n i t r o g e n  ( c o n t a i n e d  w i t h i n  a l g a l  c e l l s ) ,  w a s  t h e

l a r g e s t  f r a c t i o n  o f  t h e  t o t a l  n i t r o g e n  c o n t e n t ,  r a n g i n g  f r o m  4 8 0  t o

550 µ g / L .

H y p o l i m n e t i c  c o n c e n t r a t i o n s  o f  n i t r a t e  a n d  o r g a n i c  n i t r o g e n  w e r e

s i m i l a r  t o  t h o s e  o b s e r v e d  i n  t h e  e p i l i m n i o n .  A m m o n i a - n i t r o g e n  w a s  a l s o

s t a b l e  a n d  s i m i l a r  t o  t h e  e p i l i m n i o n  v a l u e s  e x c e p t  f o r  t w o  v a l u e s  181  p g / L

and 8 7 5  p g / L  ( r e c o r d e d  o n  J u l y  21 a n d  September  8 ,  1 9 8 2 ) .  T h e s e  t w o  samp les

were t a k e n  v e r y  c l o s e  t o  s e d i m e n t  w a t e r  i n t e r f a c e ,  a n d  some l a k e  s e d i m e n t s

were i n c l u d e d  w i t h  t h e  s a m p l e .  C o n s e q u e n t l y ,  t h e s e  s a m p l e s  a r e  n o t  t r u l y

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

Tab le  1 4  l i s t s  d a t a  c o l l e c t e d  f r o m  i n f l o w  s t r e a m s .  T h e  f i r s t  s a m p l e s

o f  t h e  n o r t h  a n d  n o r t h w e s t  i n f l o w s  w e r e  l o w  i n  n u t r i e n t s .  T h e  J u l y  2 1

sample was  e x t r e m e l y  h i g h  i n  n u t r i e n t s .  A d d i t i o n a l  s a m p l i n g  i s  r e q u i r e d  t o

v e r i f y  t h e  r e s u l t s  c o l l e c t e d  o n  J u l y  2 1 ,  1 9 8 2 .

U n t i l  t h e  p h o s p h o r u s  c o n c e n t r a t i o n s  i n  t h e  n o r t h  w e s t  i n f l o w  a r e

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

i n p u t  a s  d e t e r m i n e d  b y  t h e  Reckhow a n d  S i m p s o n  ( 1 9 8 0 )  m o d e l ,  c a n  n o t  b e

d e t e r m i n e d .

5 . 9 . 2  d )  T y h e e  L a k e

The t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n s  a t  t h e  s u r f a c e  o f  Ty h e e  L a k e  w e r e

h i g h e s t  a t  s p r i n g  a n d  f a l l  o v e r t u r n  ( 2 0  a n d  1 5  p g / L  r e s p e c t i v e l y ) ,  t h e

r e s u l t  o f  e n t r a i n m e n t  o f  p h o s p h o r u s  r i c h  h y p o l i m n e t i c  w a t e r  ( F i g u r e  1 9 ) .

Su r face  c o n c e n t r a t i o n s  d e c r e a s e d  t h r o u g h  t h e  summer t o  a  l o w  o f  11  p g / L  i n

September 8 ,  1 9 8 2 .  T h e  d e c r e a s e  w a s  t h e  r e s u l t  o f  s e d i m e n t a t i o n  f r o m  t h e

e p i l i m n i o n  o f  o r g a n i c  p h o s p h o r u s ,  i n c o r p o r a t e d  i n  l i v i n g  o r  d e a d  p l a n k t o n .
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The c o n c e n t r a t i o n s  o f  p h o s p h o r u s  w i t h i n  t h e  h y p o l i m n i o n  i n c r e a s e d

t h r o u g h  t h e  w i n t e r  m o n t h s  b e c a u s e  o f  t h e  r e l e a s e  o f  d i s s o l v e d  o r t h o - p h o s -

phorus f r o m  t h e  a n o x i c  l a k e  s e d i m e n t s .  C o n c e n t r a t i o n s  o f  o r t h o - p h o s p h o r u s

d u r i n g  t h e  w i n t e r  i n c r e a s e d  t o  6 7  4 g / L  b y  May 1 5 ,  1 9 8 2 .  W i t h  t h e  i n t r o d u c -

t i o n  o f  o x y g e n  t h r o u g h o u t  t h e  l a k e  b o t t o m  f o l l o w i n g  s p r i n g  o v e r t u r n ,  c o n c e n -

t r a t i o n s  d r o p p e d  a s  o r t h o - p h o s p h o r u s  was a b s o r b e d  b y  t h e  o x i d i z e d  l a k e  s e d i -

ments.  A n o x i c  c o n d i t i o n s  r e c u r r e d  i n  J u l y ,  a n d  p e r s i s t e d  t h r o u g h  O c t o b e r ,

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

i n c r e a s e d  t o  a  maximum o f  8 7  p g / L  o n e  m e t e r  a b o v e  t h e  l a k e  s e d i m e n t s  b y

October  2 0 ,  1 9 8 2 .

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

p e r i o d s  c a n  b e  e s t i m a t e d  b y  m u l t i p l y i n g  t h e  v o l u m e  o f  t h e  h y p o l i m n i o n  ( 9  0 0 0

dam3, b a s e d  o n  a  t h e r m o c l i n e  d e p t h  o f  5 - 7  m ) ,  b y  t h e  mean o r t h o - p h o s p h o r u s

c o n c e n t r a t i o n  a t  o v e r t u r n  ( 0 . 0 5 0  m g / L  a t  f a l l  o v e r t u r n  a n d  0 . 0 3 0  m g / L  a t

s p r i n g  o v e r t u r n ) .  B a s e d  o n  t h e s e  v a l u e s ,  a n  e s t i m a t e d  4 5 0  k g  a n d  2 7 0  k g  o f

phosphorus ( t o t a l  o f  7 2 0  k g )  w a s  r e l e a s e d  f r o m  t h e  s e d i m e n t s  i n t o  t h e

h y p o l i m n i o n ,  a n d  m i x e d  t h r o u g h o u t  t h e  l a k e  a t  f a l l  a n d  s p r i n g  o v e r t u r n .

The comb ined  p h o s p h o r u s  l o a d i n g  ( s p r i n g  a n d  f a l l )  f r o m  t h e  a n o x i c  s e d i -

ments r e p r e s e n t s  8 0  p e r c e n t  o f  t h e  a n n u a l  p h o s p h o r u s  b u d g e t  f o r  Ty h e e  L a k e

as c a l c u l a t e d  b y  t h e  Reckhow a n d  S impson ( 1 9 8 0 )  m o d e l .

N i t r o g e n  c o n c e n t r a t i o n s  f o l l o w e d  c l o s e l y  t h e  c o n c e n t r a t i o n s  a n d

p a t t e r n s  o f  R o u n d  L a k e  ( w h i c h  a r e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n  5 . 9 . 2  e ) .

Ammonia- n i t r o g e n  c o n c e n t r a t i o n s  w e r e  v e r y  l o w  i n  t h e  s u r f a c e  w a t e r  ( F i g u r e

20) w h i l e  c o n c e n t r a t i o n s  w e r e  h i g h  i n  t h e  b o t t o m  w a t e r  d u r i n g  t h e  a n o x i c

p e r i o d s  p r i o r  t o  s p r i n g  a n d  f a l l  o v e r t u r n .  A  maximum c o n c e n t r a t i o n  o f  4 4 6

pg /L was  r e c o r d e d  o n  O c t o b e r  2 0 ,  1 9 8 2  a t  2 0  m d e p t h .

N i t r a t e - n i t r o g e n  w a s  u n d e t e c t a b l e  a t  a l l  d e p t h s  f r o m  J u n e  t h r o u g h

October  ( F i g u r e  2 0 ) .  O x i d a t i o n  o f  o r g a n i c  m a t t e r  d u r i n g  t h e  w i n t e r  m o n t h s

i n  t h e  s u r f a c e  a n d  b o t t o m  w a t e r s  e l e v a t e d  t h e  n i t r a t e  l e v e l s  t o  a  maximum o f
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200 p g / L .  N i t r a t e  remained i n  t h e  o x i d i z e d  s u r f a c e  w a t e r s ,  b u t  decreased i n

the b o t t o m  w a t e r s  b e c a u s e  o f  b a c t e r i a l  a m m o n i f i c a t i o n  d u r i n g  t h e  w i n t e r

anoxic p e r i o d .

Organ ic  n i t r o g e n  was t h e  l a r g e s t  component  o f  t h e  t o t a l  n i t r o g e n  c o n -

t e n t  o f  t h e  w a t e r .  S u r f a c e  c o n c e n t r a t i o n s  r a n g e d  f r o m  4 5 0  p g / L  t o  6 0 0  p g / L ;

t he  maximum h y p o l i m n e t i c  c o n c e n t r a t i o n  was 8 7 0  p g / L .

N ine teen  i n f l o w  c r e e k s  w e r e  s a m p l e d  a r o u n d  T y h e e  L a k e  ( F i g u r e  4 ) .

Throughout  M a y  a n d  J u n e  m o s t  s t r e a m s  h a d  l o w  c o n c e n t r a t i o n s  o f  i n o r g a n i c

n i t r o g e n  a n d  phosphorus  ( T a b l e  1 5 ) .  T h i s  w a s  u n u s u a l  c o n s i d e r i n g  t h e

a g r i c u l t u r a l  a c t i v i t y  o c c u r r i n g  i n  t h e  a r e a .  F r e s h e t  c o n d i t i o n s  u n d o u b t e d l y

caused some d i l u t i o n  w h i c h  w o u l d  r e d u c e  t h e  c o n c e n t r a t i o n s .  V a l u e s  i n  J u l y

were c o n s i s t e n t l y  h i g h e r .  H i g h  o r g a n i c  c o n t e n t  was r e s p o n s i b l e  f o r  t h e  h i g h

n i t rogen  c o n c e n t r a t i o n s  i n  s t reams 1131065  a n d  11 3 1 0 6 6 .  I t  i s  n o t  known i f

the  o r g a n i c  c o n t e n t  w a s  a  r e s u l t  o f  s a m p l e  c o n t a m i n a t i o n ,  o r  w h e t h e r  i t

a c t u a l l y  r e p r e s e n t e d  t h e  n u t r i e n t  c o n t e n t  o f  t h e  c r e e k  a t  t h e  t i m e  o f

sampling.

Phosphorus l o a d i n g  f r o m  t h e  i n f l o w  s t r e a m s  was  r o u g h l y  c a l c u l a t e d  b y

m u l t i p l y i n g  t h e  mean a n d  maximum w a t e r s h e d  r u n o f f  v a l u e s  ( 7  0 6 5  a n d  1 2 0 0 0

dam3, Ta b l e  3 ) ,  b y  t h e  a v e r a g e  s t r e a m  p h o s p h o r u s  c o n c e n t r a t i o n  ( 0 . 0 2 3  m g / L ,

Table 1 5 ) .  U s i n g  t h i s  method ,  a n  e s t i m a t e d  1 6 0 - 2 7 5  k g  o f  phosphorus w i l l

enter  Tyhee  Lake  p e r  y e a r .  T h e  a c t u a l  amount shou ld  f a l l  w i t h i n  t h e  1 6 0 - 2 7 5

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

s p e c i f i c  y e a r .

The c o n t r i b u t i o n  o f  phosphorus f r o m  t h e  s t reams  t o  Tyhee  L a k e  i s  e s t i -

mated t o  be  between 1 0  and 1 8  p e r c e n t  o f  t h e  l a k e ' s  annua l  phosphorus budget

(Sect ion  5 . 9 . 2 a ) .  I n  c o n t r a s t ,  t h e  s t r e a m  l o a d i n g  was h i g h e r  t h a n  t h e  i n p u t

from s e p t i c  t a n k s  ( S e c t i o n  4 . 1 ) ,  b u t  s e c o n d a r y  t o  t h e  v o l u m e s  o f  p h o s p h o r u s

re leased f r o m  t h e  l a k e  sediments d u r i n g  a n o x i c  c o n d i t i o n s .
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5 . 9 . 2  e )  R o u n d  L a k e

Changes o f  o r t h o  a n d  t o t a l  p h o s p h o r u s  d u r i n g  1 9 8 2  a r e  i l l u s t r a t e d  i n

F i g u r e  2 1 .  T o t a l  p h o s p h o r u s  c o n c e n t r a t i o n s  i n  Round L a k e  w e r e  t h e  h i g h e s t

o f  t h e  s t u d y  l a k e s .  C o n c e n t r a t i o n s  r a n g e d  f r o m  a  l o w  o f  1 8  p g / L  a t  t h e

s u r f a c e  o n  Sep tember  8 ,  t o  a  h i g h  o f  3 9 4  p g / L  a t  1 8  m d e p t h  o n  O c t o b e r  2 0 ,

1982. T h e  s p r i n g  o v e r t u r n  p h o s p h o r u s  c o n c e n t r a t i o n  was 7 0  p g / L  i n  1 9 8 2 .

- F i g u r e  2 1  s h o w s  t h e  s u r f a c e  c o n c e n t r a t i o n s  t o  b e  v e r y  h i g h  u n d e r  t h e

i c e ,  a n d  d e c r e a s i n g  t h r o u g h  t h e  summer  b e c a u s e  o f  t h e  s e d i m e n t a t i o n  o f

o r g a n i c  p h o s p h o r u s  f r o m  t h e  s u r f a c e  w a t e r s .  A  s u b s t a n t i a l  i n c r e a s e  o c c u r r e d

a t  f a l l  o v e r t u r n ,  t h e  r e s u l t  o f  m i x i n g  w i t h  h y p o l i m n e t i c  w a t e r .

The h y p o l i m n e t i c  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n s  d e c r e a s e d  s l i g h t l y

f o l l o w i n g  s p r i n g  o v e r t u r n ,  f o l l o w e d  b y  a  r a p i d  i n c r e a s e .  R e l e a s e  o f  d i s -

so l ved  o r t h o - p h o s p h o r u s  f r o m  t h e  l a k e  s e d i m e n t s  w a s  t h e  c a u s e  o f  t h e

i n c r e a s e .

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

c a l c i u m ,  i r o n ,  o r  a l u m i n u m  i n  t h e  s e d i m e n t s .  W h e n  a n o x i c  c o n d i t i o n s  e x i s t

i n o r g a n i c  p h o s p h o r u s  c a n  become s o l u b l e ,  a n d  move  f r o m  t h e  s e d i m e n t s  b a c k

i n t o  t h e  w a t e r .  R o u n d  L a k e  w a s  o b s e r v e d  t o  r e l e a s e  s i g n i f i c a n t  a m o u n t s  o f

phosphorus f r o m  a n o x i c  l a k e  s e d i m e n t s  d u r i n g  p e r i o d s  o f  t h e r m a l  s t r a t i f i -

c a t i o n

Or tho -phosphorus  c o n c e n t r a t i o n s  f l u c t u a t e d  c o n s i d e r a b l y  w i t h  t i m e  a n d

dep th  ( F i g u r e  2 1 ) .  W i n t e r  c o n c e n t r a t i o n s  w e r e  e x t r e m e l y  h i g h ,  a s  l o w  p l a n k -

t o n  g r o w t h  d i d  n o t  u s e  a l l  t h e  a v a i l a b l e  p h o s p h o r u s  a t  t h e  s u r f a c e .  A n o x i c

c o n d i t i o n s  p e r s i s t e d  b e l o w  t h e  w i n t e r  t h e r m o c l i n e  w h i c h  p r o m o t e d  f u r t h e r

r e l e a s e  o f  o r t h o - p h o s p h o r u s  f r o m  t h e  l a k e ' s  s e d i m e n t .  T h e  r e s u l t  was  a  v e r y

h i g h  s p r i n g  o v e r t u r n  o r t h o - p h o s p h o r u s  c o n c e n t r a t i o n  ( 7 0  1.1g/L).
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The v o l u m e  o f  o r t h o - p h o s p h o r u s  r e l e a s e d  f r o m  t h e  s e d i m e n t s  w a s  c a l c u -

l a t e d  b y  m u l t i p l y i n g  t h e  v o l u m e  o f  t h e  a n o x i c  z o n e  o f  t h e  h y p o l i m n i o n  ( 6  0 0 0

dam3 i n  t h e  summer  a n d  4  0 0 0  dam3 i n  t h e  w i n t e r )  b y  t h e  a v e r a g e  o r t h o -

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

o v e r t u r n s  ( 0 . 1 0 0  m g / L p r i o r  t o  s p r i n g  o v e r t u r n  a n d  0 . 1 5 0  m g / L  p r i o r  t o  f a l l

o v e r t u r n ) .  T h e  c o m b i n e d  p h o s p h o r u s  l o a d i n g  f r o m  t h e  s e d i m e n t s  i s  e s t i m a t e d

t o  b e  1 2 0 0  k g / y r .  T h i s  r e p r e s e n t s  6 0  p e r c e n t  o f  t h e  a n n u a l  p h o s p h o r u s

budget  f o r  Round L a k e .

At s p r i n g  o v e r t u r n ,  t h e  s u r f a c e  c o n c e n t r a t i o n s  d e c r e a s e d  d r a m a t i c a l l y

because o f  b i o l o g i c a l  u t i l i z a t i o n  b y  t h e  p h y t o p l a n k t o n  commun i t y  d u r i n g  t h e

s p r i n g  b l o o m .  T h e  s u r f a c e  c o n c e n t r a t i o n s  o f  o r t h o - p h o s p h o r u s  r e m a i n e d  l o w ,

but  a b o v e  d e t e c t a b l e  l i m i t s  t h r o u g h o u t  t h e  l a t t e r  p a r t  o f  t h e  summer.

H y p o l i m n e t i c  o r t h o - p h o s p h o r u s  c o n c e n t r a t i o n s  d e c r e a s e d  b r i e f l y  f o l l o w -

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

c o n d i t i o n s .  O n c e  t h e  s e d i m e n t s  a n d  t h e  h y p o l i m n i o n  h a d  become a n o x i c  i n

J u l y ,  t h e  o r t h o - p h o s p h o r u s  c o n c e n t r a t i o n s  i n c r e a s e d  r a p i d l y ,  a n d  r e a c h e d  a

maximum c o n c e n t r a t i o n  o f  2 6 0  u g / L  i n  l a t e  O c t o b e r  ( F i g u r e  2 1 ) .

N i t r o g e n  c o n c e n t r a t i o n s  t h r o u g h o u t  t h e  s t u d y  a r e  g i v e n  i n  F i g u r e  2 2 .

Ammonia- n i t r o g e n  v a l u e s  f o l l o w e d  c l o s e l y  t h e  f l u c t u a t i o n s  i n  o r t h o - p h o s p h o r -

us c o n c e n t r a t i o n s .  U n d e r  a n o x i c  c o n d i t i o n s ,  t h e  h y p o l i m n e t i c  c o n c e n t r a t i o n s

reached a  maximum o f  5 6 5  u g / L  i n  t h e  w i n t e r ,  a n d  1  3 8 0  u g / L  i n  t h e  f a l l .

Low c o n c e n t r a t i o n s  w e r e  o b s e r v e d  i n  t h e  o x y g e n a t e d  s u r f a c e  w a t e r s  d u r i n g  t h e

summer. T h e r e  i s  a  p o s s i b i l i t y  o f  a  w i n t e r  o r  summer f i s h - k i l l  b e c a u s e  o f

the  p e r i o d i c a l l y  h i g h  c o n c e n t r a t i o n s  o f  ammon ia ,  h y d r o g e n  s u l p h i d e ,  a n d  l o w

d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s .

N i t r a t e  n i t r o g e n  c o n c e n t r a t i o n s  w e r e  much l e s s  v a r i a b l e  w i t h  a  h i g h  o f

90 u g / L  a t  t h e  s u r f a c e  d u r i n g  t h e  w i n t e r  a n d  1 2 0  u g / L  i n  t h e  h y p o l i m n i o n

d u r i n g  J u n e .  F r e q u e n t l y ,  t h e  n i t r a t e - n i t r o g e n  c o n c e n t r a t i o n s  w e r e  u n d e t e c t -

a b l e  b e c a u s e  o f  b i o l o g i c a l  u t i l i z a t i o n  a t  t h e  s u r f a c e ,  a n d  b e c a u s e  o f
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d e n i t r i f i c a t i o n  i n  t h e  a n o x i c  hypol imnion ( a n o x i c  c o n d i t i o n s  promote  mic rob -

i a l  a m m o n i f i c a t i o n  r a t h e r  t h a n  n i t r i f i c a t i o n ;  W e t z e l ,  1 9 7 5 ) .

Organic n i t r o g e n  was  t h e  most  abundant  f o r m  o f  n i t r o g e n  i n  Round Lake

comprising 5 0  p e r c e n t  o r  m o r e  o f  t h e  t o t a l  n i t r o g e n  p r e s e n t .  T h e  v a l u e s

f l u c t u a t e d  f r o m  5 7 0  p g / L  t o  1  0 0 0  p g / L  ,  w i t h  t h e  l a r g e r  v a l u e s  o c c u r r i n g  i n

l a t e  summer i n  t h e  h y p o l i m n i o n ,  a s  a  r e s u l t  o f  s e d i m e n t a t i o n  o f  p a r t i c u l a t e

m a t t e r.

D e s p i t e  e l e v a t e d  n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  c r e e k s  ( Ta b l e  1 6 ) ,  t h e

l e v e l s  o b s e r v e d  w e r e  l o w e r  t h a n  e x p e c t e d  c o n s i d e r i n g  t h e  amount  o f  a g r i -

c u l t u r e  i n  t h e  w a t e r s h e d .  O t h e r  s i m i l a r  s t u d i e s  ( S u t t i e  e t  a l . ,  1 9 8 2 ;

McKean, 1 9 8 2 )  r e p o r t  h i g h  n u t r i e n t  l o a d i n g  f r o m  a g r i c u l t u r a l  a c t i v i t i e s .

The c o m b i n e d  p h o s p h o r u s  l o a d i n g  f r o m  t h e  t w o  i n f l o w  s t r e a m s  w a s  e s t i -

mated a t  2 0 0  k g / y r .  T h i s  r e p r e s e n t s  1 0  p e r c e n t  o f  t h e  a n n u a l  p h o s p h o r u s

budget  ( 1 9 5 0  k g ,  S e c t i o n  5 . 9 . 2 a )  a s  d e t e r m i n e d  b y  t h e  Reckhow a n d  Simpson

(1980) m o d e l .

The s t r e a m  l o a d i n g  w a s  c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  s t r e a m ' s  a n n u a l

f low b y  t h e  a v e r a g e  phosphorus c o n c e n t r a t i o n  i n  t h e  s t r e a m  ( Ta b l e  1 6 ) .  T h e

annual s t r e a m f l o w  w a s  c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  a v e r a g e  a n n u a l  w a t e r

i n p u t  ( 5  5 0 0  d a m 3 ,  T a b l e  3 )  b y  t h e  a r e a  ( a s  a  p e r c e n t )  o f  t h e  s t r e a m ' s

i n d i v i d u a l  d r a i n a g e  a r e a  ( n o r t h  f l o w :  7 0 % ;  n o r t h  e a s t  i n f l o w :  1 0 % ) .

The a n n u a l  w a t e r  i n p u t  t o  R o u n d  L a k e  i s  d i s c u s s e d  i n  S e c t i o n  2 .

Because t h e  h y d r o l o g i c a l  r e c o r d  i s  u n c l e a r ,  t h e  a n n u a l  w a t e r s h e d  r u n o f f

could b e  a s  much a s  9  0 0 0  dam3 ( Ta b l e  3 )  w h i c h  i s  6 0  p e r c e n t  h i g h e r  t h a n  t h e

value u s e d  i n  t h e  s t r e a m  phosphorus l o a d i n g  r a t e s  a b o v e .  S h o u l d  t h e  h i g h e r

stream r u n o f f  o c c u r ,  t h e  phosphorus  l o a d i n g  r a t e  e s t i m a t e d  a b o v e  w o u l d

i n c r e a s e  b y  60% t o  16% o f  t h e  a n n u a l  p h o s p h o r u s  b u d g e t .
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Regard less  o f  p o s s i b l e  i n a c c u r a c i e s  i n  t h e  h y d r o l o g y  e s t i m a t e s ,  t h e

st ream p h o s p h o r u s  i n p u t  t o  Round  L a k e  i s  c o n s i d e r e d  t o  b e  o f  m o d e s t  i m p o r -

t a n c e .  T h e  l a r g e s t  s o u r c e  o f  p h o s p h o r u s  a p p e a r s  t o  b e  r e l e a s e  f r o m  t h e

l a k e ' s  s e d i m e n t s  d u r i n g  t h e  s u m m e r  a n d  w i n t e r  a n o x i c  c o n d i t i o n s  i n  t h e

h y p o l i m n i o n .

5.10 PHYTOPLANKTON AND CHLOROPHYLL a

A n u m b e r  o f  p r o b l e m s  a r e  a p p a r e n t  w h e n  l a k e s  b e c o m e  t o o  p r o d u c t i v e .

A l g a l  g r o w t h  c a u s e s  p r o b l e m s  w i t h  w a t e r  s u p p l y  ( c l o g g i n g  o f  f i l t e r s ,  c o l o u r ,

t a s t e  a n d  o d o u r ) ,  o x y g e n  d e p l e t i o n  ( w h e n  a l g a e  a r e  d e c o m p o s i n g ,  o r  d u r i n g

t h e  n i g h t  w h e n  r e s p i r a t i o n  i s  t h e  p r e d o m i n a n t  m e t a b o l i c  p r o c e s s ) ,  a n d

gene ra l  a e s t h e t i c  d e t e r i o r a t i o n  ( r e d u c e d  w a t e r  c l a r i t y ,  i n c r e a s e d  t u r b i d i t y ,

o d o u r,  e t c ) .

Samples w e r e  t a k e n  i n  1 9 8 2  t o  d e t e r m i n e  h o w  m u c h  a l g a l  g r o w t h  w a s

p r e s e n t  i n  e a c h  l a k e  a t  d i f f e r e n t  t i m e s  o f  t h e  y e a r .  T h i s  i n f o r m a t i o n  c a n

be u s e d  t o  g a u g e  t h e  p r o b l e m s  w h i c h  c a n  b e  e x p e c t e d  i n  v a r i o u s  t y p e s  o f

wa te r  u s e ,  a n d  t o  d e t e r m i n e  t h e  l e v e l  o f  i m p r o v e m e n t  r e q u i r e d  f o r  s a t i s -

f a c t o r y  w a t e r  q u a l i t y .

P l a n k t o n i c  a l g a e  w e r e  s a m p l e d  t o  d e t e r m i n e  s p e c i e s  c o m p o s i t i o n  a n d

numbers; s e p a r a t e  samp les  w e r e  o b t a i n e d  f o r  c h l o r o p h y l l  a  a n a l y s i s .  N u m b e r s

o f  a l g a e  a n d  c h l o r o p h y l l  a  q u a n t i f y  a l g a l  b i o m a s s  ( s t a n d i n g  c r o p )  a t  p o i n t s

i n  t i m e  t h r o u g h  t h e  s t u d y .  N u m b e r s  o f  a l g a e  a r e  d i s c u s s e d  i n  t h e  t e x t .  T h e

mean summer  c h l o r o p h y l l  a  c o n c e n t r a t i o n s  a r e  p l o t t e d  i n  F i g u r e  2 3  a g a i n s t

s p r i n g  o v e r t u r n  p h o s p h o r u s  c o n c e n t r a t i o n .

Severa l  a u t h o r s  h a v e  e s t a b l i s h e d  a  d i r e c t  c o r r e l a t i o n  b e t w e e n  m e a n

summer c h l o r o p h y l l  a  c o n c e n t r a t i o n s  a n d  s p r i n g  o v e r t u r n  p h o s p h o r u s  c o n c e n -

t r a t i o n s .  N o r d i n  a n d  McKean ( 1 9 8 4 )  d e v e l o p e d  a  s i m i l a r  r e l a t i o n s h i p  f o r

B r i t i s h  C o l u m b i a  l a k e s .  F i g u r e  2 3  o u t l i n e s  t h e  g e n e r a l  r e l a t i o n s h i p  f o r
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B.C. l a k e s ,  a n d  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  f o u r  s t u d y  l a k e s .  E a c h

s e c t i o n  b e l o w  w i l l  d i s c u s s  t h e  a l g a e  c o l l e c t e d  a n d  t h e  i n d i v i d u a l  l a k e ' s

p o s i t i o n  o n  F i g u r e  2 3 .

5 .10 .1  K AT H LY N  LAKE

K a t h l y n  a n d  Tyhee  a r e  t h e  l e a s t  p r o d u c t i v e  o f  t h e  f o u r  l a k e s ,  b u t  s t i l l

would b e  c o n s i d e r e d  e u t r o p h i c .

K a t h l y n  L a k e  i n  J a n u a r y  h a d  a  l o w  s t a n d i n g  c r o p  ( 2 6 0  c e l l s / m L ) .  T h e

dominant  g e n e r a  w e r e  Anabaena  a n d  C r y p t o m o n a s .  I n  M a y,  t h e  s t a n d i n g  c r o p

had i n c r e a s e d  t o  1  3 0 0  c e l l s / m L  w i t h  t h e  d o m i n a n t  g e n e r a  b e i n g  D i n o b r y o n ,

A s t e r i o n e l l a ,  A n a b a e n a  a n d  Chroomonas.  A n o t h e r  s a m p l e  a  f e w  d a y s  l a t e r  h a d

a l o w e r  s t a n d i n g  c r o p  ( 5 5 0  c e l l s / m L )  a n d  t h e  d o m i n a n t  o r g a n i s m  w a s

Stephanod iscus  s p . ,  w h i c h  i s  a  s i g n i f i c a n t  c h a n g e  f r o m  t h e  e a r l i e r  s a m p l e .

The J u n e  s a m p l e  h a d  a  f a i r l y  h i g h  c e l l  d e n s i t y  ( 6  0 0 0  c e l l s / m L )  w i t h  t h e

dominant  g e n e r a  b e i n g  Anabaena a n d  A s t e r i o n e l l a .  I n  J u l y ,  t h e  s t a n d i n g  c r o p

was l o w e r  ( 1 2 0 0  c e l l s / m L )  a n d  t h e  d o m i n a n t  a l g a e  w e r e  b l u e - g r e e n  g e n e r a

(Gomphosphaer ia,  C h r o o c o c c u s ,  A n a b a e n a )  p l u s  o n e  c h l o r o p h y t i c  s p e c i e s

( Q u a d r i g u l a ) .  I n  S e p t e m b e r,  t h e  s t a n d i n g  c r o p  w a s  7 0 0  c e l l s / m L  w i t h  t w o

b l u e - g r e e n  a l g a e  b e i n g  t h e  m o s t  n u m e r o u s  g e n e r a  ( G o m p h o s p h a e r i a  a n d

Coe losphae r i um) .

The c o r r e s p o n d i n g  c h l o r o p h y l l  a  measurements show a  maximum o f  9 . 5  p g / L

(May) ,  a n d  a  May t o  O c t o b e r  mean c o n c e n t r a t i o n  o f  5 . 0  p g / L  ( F i g u r e  2 3 ) .  T h e

mean s u m m e r  c h l o r o p h y l l  c o n c e n t r a t i o n  m a y  h a v e  b e e n  h i g h e r  i f  J u n e

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

phosphorus c o n c e n t r a t i o n ,  t h e  r e s u l t  o f  r u n o f f  f r o m  t h e  a i r p o r t ) .

U n f o r t u n a t e l y ,  t h e  J u n e  c h l o r o p h y l l  s a m p l e s  w e r e  a c c i d e n t a l l y  d e s t r o y e d  i n

t r a n s i t  t o  t h e  l a b o r a t o r y .
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5 . 1 0 . 2  SEYMOUR LAKE

Seymour L a k e  w a s ,  o n  t h e  b a s i s  o f  t h e  p h y t o p l a n k t o n  d a t a ,  t h e  second

most p r o d u c t i v e  o f  t h e  l a k e s  examined .  I n  J a n u a r y,  l o w  numbers o f  a l g a e

were p r e s e n t  ( < 2 0 0  c e l l s / m L ) .  T h i s  w o u l d  b e  e x p e c t e d  c o n s i d e r i n g  t h e  t i m e

of y e a r ,  l o w  l i g h t  a n d  l o w  t e m p e r a t u r e .  T h e  dominant  s p e c i e s  w e r e  Synura

u v e l l a  a n d  C r y p t o m o n a s  o v a t e .  B o t h  a r e  f l a g e l l a t e s  a n d  p r o b a b l y  r e f l e c t

the p h y s i c a l  c o n d i t i o n s  ( l o w  l i g h t  a n d  l a c k  o f  a n y  v e r t i c a l  w a t e r  movement).

In  M a y,  r e l a t i v e l y  l o w  numbers w e r e  p r e s e n t  ( 1  5 0 0  c e l l s / m L ) .  T h e  dominant

spec ies  was  Cryp tomonas  s p .  T h e  J u n e  s a m p l e  h a d  11  0 0 0  c e l l s / m L  ( c o n s i d e r e d

h i g h )  a n d  t h e  d o m i n a n t  a l g a  w a s  a  s p e c i e s  o f  C o e l o s p h a e r i u m  ( a  b l u e - g r e e n

a l g a ) .  I n  J u l y ,  o n l y  a  m o d e r a t e  s t a n d i n g  c r o p  was p r e s e n t  ( 3  6 0 0  c e l l s / m L ) ,

b u t  t h e  d o m i n a n t  g e n e r a  w e r e  A n a b a e n a  a n d  Aphan i zomenon ,  b o t h  b l u e - g r e e n

algae and  t y p i c a l  o f  r e l a t i v e l y  h i g h  n u t r i e n t s  and  modera te ly  p r o d u c t i v e  t o

eutrophic  l a k e s .  M a n y  o f  t h e  o t h e r  g e n e r a  p r e s e n t  ( E u d o r i n a ,  C e r a t i u m ,

Ankistrodesmus) w o u l d  g e n e r a l l y  b e  c o n s i d e r e d  t o  b e  p a r t  o f  t h e  f l o r a  o f

eut rophic  l a k e s .

The c h l o r o p h y l l  a  c o n c e n t r a t i o n s  f o r  Seymour L a k e  w e r e  r e l a t i v e l y  h i g h

t h r o u g h  t h e  g r o w i n g  s e a s o n .  T h e  M a y  t o  O c t o b e r  mean c h l o r o p h y l l  a  was 8 . 4

pg /L .  B a s e d  o n  F i g u r e  2 3 ,  t h e  c h l o r o p h y l l  c o n c e n t r a t i o n  w a s  b e l o w  t h a t

expec ted  f r o m  t h e  g e n e r a l  r e l a t i o n s h i p  f o r  B . C .  l a k e s .  O n e  p o s s i b l e  r e a s o n

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

column s u f f i c i e n t l y  t o  l o w e r  t h e  a l g a l  b i o m a s s .

5 . 1 0 . 3  T Y H E E  LAKE

Only t h r e e  s a m p l e s  w e r e  t a k e n  f r o m  Ty h e e  L a k e ,  s o  l e s s  i n f o r m a t i o n  i s

a v a i l a b l e  t h a n  f o r  t h e  o t h e r  l a k e s .  T h e  J a n u a r y  s a m p l e  h a d  1 0 0  c e l l s / m L  a n d

was p r e d o m i n a n t l y  C o e l o s p h a e r i u m  s p .  a n d  Chroomonas s p .  T h e  J u n e  s a m p l e

a l s o  h a d  a  l o w  s t a n d i n g  c r o p  ( 5 0 0  c e l l s / m L )  composed  p r i m a r i l y  o f  D i n o b r y o n
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s p . ,  A s t e r i o n e l l a  s p . ,  a n d  F r a g i l a r i a  s p .  T h e  J u l y  s a m p l e  a l s o  h a d  r e l a -

t i v e l y  l o w  b i o m a s s  ( 1  2 0 0  c e l l s / m L ) ,  b u t  t h e  p r e d o m i n a n t  t a x a  w e r e  Anabaena

f l o s - a q u a e  ( a  b l u e - g r e e n  u s u a l l y  c o n s i d e r e d  i n d i c a t i v e  o f  w a r m ,  p r o d u c t i v e

l a k e s )  a n d  Chroomonas s p .

The c h l o r o p h y l l  a  r e s u l t s  s h o w  a  c o n s i s t e n t  l e v e l  o f  b i o m a s s  t h r o u g h

the  summer w i t h  some r e d u c t i o n  i n  September  a n d  O c t o b e r .  T h e  May t o  O c t o b e r

mean c h l o r o p h y l l  a  v a l u e  was  4 . 0  p g / L ,  w h i c h  was s l i g h t l y  b e l o w  t h e  e x p e c t e d

c o n c e n t r a t i o n  p r e d i c t e d  f r o m  F i g u r e  2 3 .

5 . 1 0 . 4  ROUND LAKE

Round L a k e  w a s  t h e  m o s t  p r o d u c t i v e  o f  t h e  f o u r  l a k e s  i n  t e r m s  o f  a l g a l

s t a n d i n g  c r o p .  O n  J a n u a r y  2 6 ,  a  v e r y  h i g h  s t a n d i n g  c r o p  was p r e s e n t  ( 7  0 0 0

c e l l s / m L ) .  T h i s  i s  s u r p r i s i n g  c o n s i d e r i n g  t h e  h e a v y  i c e  c o v e r  a n d  g e n e r a l l y

low b i o l o g i c a l  p r o d u c t i o n  a t  t h i s  t i m e  o f  y e a r .  T h e  d o m i n a n t  g e n e r a  p r e s e n t

were C o e l o s p h a e r i u m  a n d  Gomphosphaer ia ,  b o t h  o f  w h i c h  a r e  c o c c o i d  b l u e - g r e e n

a l g a e .  O n  M a y  1 5 ,  u n c o n c e n t r a t e d  d i s c r e t e  s a m p l e s  ( n o r m a l  m e t h o d  o f  c o l -

l e c t i o n )  a n d  a  v e r t i c a l  n e t  t o w  w e r e  t a k e n .  T h e  r e g u l a r  s a m p l e s  showed  a

r e a s o n a b l y  h i g h  s t a n d i n g  c r o p  ( 8  5 0 0  c e l l s / m l )  d o m i n a t e d  b y  C o e l o s p h a e r i u m

sp .  a n d  M i c r o c y s t i s  s p .  M i c r o c y s t i s  i s  a  b l u e - g r e e n  a l g a  g e n e r a l l y  c o n -

s i d e r e d  a n  i n d i c a t o r  o f  e u t r o p h i c  c o n d i t i o n s .  T h e  n e t  t o w  ( w h i c h  c a n n o t  b e

used f o r  q u a n t i t a t i v e  s a m p l e s )  s h o w e d  a  v e r y  b i a s e d  s p e c i e s  c o m p o s i t i o n

( r e f l e c t i n g  t h e  u s e  o f  t h e  n e t  a s  a  s a m p l i n g  d e v i c e ) .  T h e  d o m i n a n t s  i n  t h i s

case w e r e  t h e  g e n e r a  C o e l o s p h a e r i u m ,  P h o r m i d i u m  ( a  f i l a m e n t o u s  b l u e - g r e e n )

and A s t e r i o n e l l a  ( a  l a r g e  c o l o n i a l  d i a t o m ) .  N o  M i c r o c y s t i s  was  p r e s e n t .

The J u n e  s a m p l e  h a d  a  s t a n d i n g  c r o p  o f  5  2 0 0  c e l l s / m L .  D o m i n a n t  g e n e r a

were Chroomonas ( a  f l a g e l l a t e d  c r y p t o m o n a d ) ,  S t e p h a n o d i s c u s  ( a  d i a t o m )  a n d

Anabaena ( a  f i l a m e n t o u s  b l u e - g r e e n ) .  T h e  J u l y  s a m p l e  h a d  a  v e r y  h i g h

s t a n d i n g  c r o p  ( 6 5  0 0 0  c e l l s / m L )  w i t h  t h e  d o m i n a n t  g e n e r a  a l l  b e i n g  b l u e -
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green a l g a e  (Aphan izomenon  Anabaena,  C o e l o s p h a e r i u m ) ,  t h e  f o r m e r  b e i n g  i n d i -

c a t o r s  o f  e u t r o p h y .

The c h l o r o p h y l l  a  r e s u l t s  s h o w e d  h i g h  v a l u e s  i n  M a y  t h r o u g h  J u l y .

Maximum v a l u e s  w e r e  i n  May  ( w a t e r  c o l u m n  mean o f  4 5  p g / L ) ,  a n d  t h e  g r o w i n g

season mean ( M a y - O c t o b e r )  was  1 5 . 5  p g / L .

5 . 1 0 . 5  GENERAL OBSERVATIONS

From t h e  p h y t o p l a n k t o n  d a t a  o n  t h e  f o u r  l a k e s ,  a  n u m b e r  o f  g e n e r a l

c o n c l u s i o n s  c a n  b e  m a d e .  T h e  l a k e s  c o n t a i n e d  d i f f e r e n t  l e v e l s  o f  p h y t o -

p l a n k t o n  b i o m a s s  w i t h  R o u n d  L a k e  b e i n g  t h e  m o s t  p r o d u c t i v e ,  f o l l o w e d  b y

Seymour, K a t h l y n  a n d  Ty h e e  i n  o r d e r  o f  d e c r e a s i n g  p r o d u c t i v i t y .  T h e r e  a r e  a

number o f  m e t h o d s  o f  r e l a t i n g  p h y t o p l a n k t o n  b i o m a s s  t o  t r o p h i c  s t a t u s .

S tockner  a n d  N o r t h c o t e  ( 1 9 7 4 )  e x a m i n e d  t h e  Okanagan  l a k e s ,  a n d  s u g g e s t e d

t h a t  K a l a m a l k a  L a k e  w i t h  a  mean p h y t o p l a n k t o n  s t a n d i n g  c r o p  o f  7 0 0  c e l l s / m L

r e p r e s e n t e d  o l i g o t r o p h y ,  S k a h a  L a k e  (mean  v a l u e  3  7 0 0  c e l l s / m L )  r e p r e s e n t e d

mesot rophy  a n d  Wood L a k e  ( 7  9 0 0  c e l l s / m L )  w a s  e u t r o p h i c .  N u m b e r  o f  c e l l s / m L

can b e  a  p o o r  i n d i c a t o r  when  a  v a r i e t y  o f  c e l l  s i z e s  a r e  p r e s e n t .  T h e  num-

ber o f  c e l l s  c o n v e r t e d  t o  b i o m a s s  i s  a  b e t t e r  i n d i c a t o r .  W e t z e l  ( 1 9 7 5 )

g i v e s  r a n g e s  o f  v a l u e s  f o r  p h y t o p l a n k t o n  b iomass  a n d  c h l o r o p h y l l  a  w h i c h  c a n

be u s e d  t o  c h a r a c t e r i z e  d i f f e r e n t  t r o p h i c  s t a t e s  ( Ta b l e  1 7 ) ,  a s  d o  R e s t  a n d

Lee ( 1 9 7 8 ) ,  a n d  C a r l s o n  ( 1 9 7 7 ) .

From t h e  r a n g e  o f  t r o p h i c  i n d i c e s  o u t l i n e d  i n  T a b l e  1 7 ,  R o u n d  a n d

Seymour L a k e s  w o u l d  a p p e a r  t o  b e  c l e a r l y  e u t r o p h i c ,  a n d  K a t h l y n  a n d  Ty h e e

Lakes w o u l d  b e  e i t h e r  e u t r o p h i c  o r  m e s o t r o p h i c ,  d e p e n d i n g  o n  t h e  c r i t e r i a

used.

I t  i s  a l s o  e v i d e n t  t h a t  a l l  o f  t h e  l a k e s  h a v e  a l g a l  c o m m u n i t i e s  w h i c h

a r e  d o m i n a t e d  b y  b l u e - g r e e n  a l g a e .  T h i s  g r o u p  o f  a l g a e  i s  c h a r a c t e r i s t i c
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o f  e u t r o p h i c  l a k e s ,  a n d  i s  p a r t i c u l a r l y  u n d e s i r a b l e  when  t h e  w a t e r  i s  u s e d

f o r  r e c r e a t i o n  o r  d r i n k i n g .

Blue g r e e n  a l g a e  c o n t a i n  g a s  v a c u o l e s  c a u s i n g  t h e m  t o  f l o a t  n e a r  t h e

s u r f a c e .  T h e s e  a l g a e  c a n  f o r m  l a r g e  f l o a t i n g  c o l o n i e s  o r  a  s u r f a c e  s c u m ,

which i s  e a s i l y  moved a r o u n d  t h e  l a k e  b y  w i n d .  W a t e r  c o n t a c t  r e c r e a t i o n  c a n

be s e v e r e l y  i m p a i r e d  i f  a  l a r g e  a l g a l  m a s s  i s  b l o w n  o n t o  a  b e a c h  o r  i n t o

swimming a r e a s .  T h e  g e n e r a  Aphanizomenon,  Anabaena ,  M i c r o c y s t i s  a r e  p r e s e n t

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

the  r e c r e a t i o n  s u i t a b i l i t y .  A t  p r e s e n t ,  t h e  a l g a l  c o n c e n t r a t i o n s  i n  Round

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

i n  t h e  o t h e r  t h r e e  l a k e s  i s  n o t  a s  a d v a n c e d ,  t h e  a l g a e  a r e  n o t  c o n s i d e r e d  t o

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

Algae ( p a r t i c u l a r y  b l u e - g r e e n  a l g a e )  c a n  i m p a r t  t a s t e  a n d  o d o u r s  t o

d r i n k i n g  w a t e r  o r  c l o g  w a t e r  f i l t e r s .  P a l m e r  ( 1 9 6 2 )  a n d  T a y l o r  e t  a l .

( 1981 ) ,  g i v e  e x c e l l e n t  r e v i e w s  o f  p r o b l e m s  c a u s e d  b y  a l g a e .  T h o s e  a l g a e

found  i n  l a k e s  a n d  n o t e d  b y  T a y l o r  e t  a l .  ( 1 9 8 1 )  t o  c a u s e  p r o b l e m s  i n

d r i n k i n g  w a t e r  s u p p l i e s ,  a r e  l i s t e d  i n  Ta b l e  1 8 .

Three m i n o r  p r o b l e m s  e x i s t  w i t h  t h e  1 9 8 2  w a t e r  m o n i t o r i n g  d a t a .  T h e

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

l a t e .  S e c o n d l y ,  R o u n d  a n d  Ty h e e  L a k e s  d i d  n o t  a p p e a r  t o  m i x  c o m p l e t e l y  a t

o v e r t u r n .  T h e s e  t w o  f a c t o r s  c a u s e d  t h e  s p r i n g  o v e r t u r n  p h o s p h o r u s  c o n c e n -

t r a t i o n s  t o  b e  u n d e r e s t i m a t e d .  T h i r d l y ,  t h e  c h l o r o p h y l l  s a m p l i n g  s h o u l d

have b e e n  more  f r e q u e n t  ( a  common p r o b l e m  i n  many l a k e  s t u d i e s ) .

Because o f  t h e s e  p r o b l e m s ,  t h e  r e l a t i o n s h i p  b e t w e e n  p h y t o p l a n k t o n ,

c h l o r o p h y l l ,  a n d  p h o s p h o r u s  v a r i e d  f r o m  t h e  g e n e r a l  r e l a t i o n s h i p s  f o r  l a k e s

i n  B r i t i s h  C o l u m b i a  ( N a r d i n  a n d  McKean, 1 9 8 4 ) .  H o w e v e r ,  t h e  v a r i a b i l i t y  was

q u i t e  s m a l l ,  i n d i c a t i n g  t h a t  t h e  r e l a t i o n s h i p  was v a l i d  f o r  t h e  s t u d y  l a k e s .
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Consequen t l y,  t h e  r e l a t i o n s h i p  c a n  b e  u s e d  t o  p r e d i c t  t h e  i m p a c t  o f  c h a n g i n g

phosphorus c o n c e n t r a t i o n s  o n  t h e  p h y t o p l a n k t o n  c o m m u n i t y.  L a k e  r e s t o r a t i o n

and management g u i d e l i n e s  b a s e d  o n  t h e  p h o s p h o r u s  c h l o r o p h y l l  r e l a t i o n s h i p

and t h e  Reckhow a n d  S impson  model  a r e  d i s c u s s e d  i n  S e c t i o n  7 .
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6. WAT E R  QUALITY OBJECTIVES

Water q u a l i t y  o b j e c t i v e s  a r e  d e s i r a b l e  t o  e n s u r e  t h a t  p r e s e n t  a n d

f u t u r e  w a t e r  u s e s  o f  t h e  l a k e  a r e  p r o t e c t e d .  T h i s  r e p o r t  h a s  s h o w n  t h a t

each l a k e  i s  i m p o r t a n t  f o r :

-  d o m e s t i c  w a t e r  s u p p l y

-  i n d u s t r i a l  w a t e r  s u p p l y

-  i r r i g a t i o n  w a t e r  s u p p l y

-  p r i m a r y - c o n t a c t  r e c r e a t i o n

-  f i s h e r i e s

I t  i s  p r o p o s e d  t h a t  t h e s e  b e  a d o p t e d  a s  t h e  d e s i g n a t e d  w a t e r  u s e s  t o  b e

p r o t e c t e d  i n  t h e  l a k e s .

The p r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e s  o u t l i n e d  b e l o w  a r e  s e t  t o

p r o t e c t  t h e  m o s t  s e n s i t i v e  u s e .  I f  t h e  o b j e c t i v e s  a r e  m e t  f o r  t h e  m o s t

s e n s i t i v e  u s e ,  t h e n  a l l  o f  t h e  o t h e r  u s e s  o f  t h e  l a k e  w i l l  b e  p r o t e c t e d .

6.1 F E C A L  CONTAMINATION

The m o s t  s e n s i t i v e  u s e s  a r e  f o r  d r i n k i n g  w a t e r  s u p p l y  a n d  p r i m a r y - c o n -

t a c t  r e c r e a t i o n  s u c h  a s  sw imming .  T h e  o b j e c t i v e  f o r  d r i n k i n g  w a t e r  s u p p l i e s

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

r e q u i r e d .

The p r o v i s i o n a l  o b j e c t i v e  f o r  d o m e s t i c  w a t e r  s u p p l y  i s :  t h e  f e c a l

c o l i f o r m  d e n s i t y  s h a l l  n o t  e x c e e d  1 0  MPN p e r  1 0 0  mL i n  9 0  p e r c e n t  o f  l a k e

wa te r  s a m p l e s  t a k e n  i n  a n y  c o n s e c u t i v e  3 0 - d a y  p e r i o d .  T h e  o b j e c t i v e  i s

based o n  t h e  M i n i s t r y  o f  H e a l t h ' s  g u i d e l i n e s  f o r  t h e  t r e a t m e n t  o f  r a w  w a t e r

s u p p l i e s  ( B . C .  M i n i s t r y  o f  H e a l t h ,  1 9 8 2 ) .

The o b j e c t i v 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  i s  b a s e d  o n  t h e  r e c o m -

mendat ions  b y  R i c h a r d s  ( 1 9 8 3 ) .  T h e  p r o v i s i o n a l  o b j e c t i v e  i s :  t h e  f e c a l

c o l i f o r m  d e n s i t y  s h a l l  n o t  e x c e e d  a  r u n n i n g  l o g  m e a n  o f  2 0 0  MPN/100  m L ,
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c a l c u l a t e d  f r o m  a t  l e a s t  f i v e  w e e k l y  s a m p l e s  t a k e n  d u r i n g  t h e  r e c r e a t i o n

season,  n o r  s h a l l  m o r e  t h a n  1 0  p e r c e n t  o f  s a m p l e s  d u r i n g  a n y  3 0 - d a y  p e r i o d

exceed 4 0 0  MPN/100 mL.

Fecal  c o l i f o r m  d e n s i t i e s  h a v e  n o t  b e e n  measured i n  t h e  l a k e s ,  a n d  m o n i -

t o r i n g  i s  n e c e s s a r y  t o  d e t e r m i n e  i f  t h e s e  o b j e c t i v e s  a r e  b e i n g  m e t .

The o b j e c t i v e  f o r  d o m e s t i c  w a t e r  s u p p l y  s h o u l d  a p p l y  t o  g r a b  s a m p l e s

taken w i t h i n  1 0  m  o f  a  d o m e s t i c  i n t a k e .  T h e  o b j e c t i v e  f o r  r e c r e a t i o n

a p p l i e s  t o  b a t h i n g  b e a c h e s .  S e c t i o n  8 . 1  o u t l i n e s  t h e  f r e q u e n c y  a t  w h i c h

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

6.2 A L G A L GROWTH AND NUTRIENTS

Nuisance a l g a l  g r o w t h  i s  t h e  r e s u l t  o f  e x c e s s i v e  p h o s p h o r u s  i n  t h e

l a k e s .  E x c e s s  a l g a e  c a n  c a u s e  t a s t e  a n d  o d o u r s  i n  d r i n k i n g  w a t e r ,  c l o g

f i l t e r s ,  c a u s e  a e s t h e t i c  p r o b l e m s  f o r  r e c r e a t i o n ,  r e d u c e  w a t e r  c l a r i t y ,

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

f i s h e r i e s  h a b i t a t ,  a n d  c r e a t e  p o s s i b l e  w i n t e r  o r  summer  f i s h - k i l l  s i t u a -

t i o n s .

Because t h e  l a k e s  d o  n o t  h a v e  h i g h  f i s h i n g  p r e s s u r e ,  a n d  t h e r e  a r e  n o

r e h a b i l i t a t i o n  p l a n s  t o  r emove  c o a r s e  f i s h ,  t h e  c o l d  w a t e r  f i s h e r y  i s  n o t

the m a j o r  u s e  t o  p r o t e c t .  W a t e r  q u a l i t y  o b j e c t i v e s  w e r e  t h e r e f o r e  d e s i g n e d

t o  m e e t  t h e  r e c r e a t i o n a l  r e q u i r e m e n t s .  T h e  maximum a l g a l  b i o m a s s  a c c e p t a b l e

f o r  r e c r e a t i o n  ( a n d  p r o v i d i n g  some p r o t e c t i o n  f o r  c o l d  w a t e r  f i s h e r i e s )  i s  a

mean summer c h l o r o p h y l l  a  c o n c e n t r a t i o n  be tween  3 - 5  p g / L  ( D i l l o n  a n d  R i g l e r ,

1975) .  A t  t h i s  biomass l e v e l ,  d o m e s t i c  w a t e r  s u p p l i e s  ( t h e  p r i n c i p a l  c o n -

sumptive u s e )  w i l l  n o t  b e  compromised. F o r  t h e  purpose  o f  t h i s  s t u d y  t h e

mean summer c h l o r o p h y l l  c o n c e n t r a t i o n  i n  t h e  l a k e s  s h o u l d  n o t  e x c e e d  4  p g / L

( the  mid p o i n t  o f  t h e  l e v e l s  recommended b y  D i l l o n  and R i g l e r ) .

As ment ioned e a r l i e r ,  t h e  biomass o f  a l g a e  i s  c o n t r o l l e d  b y  t h e  a v a i l -

a b i l i t y  o f  phosphorus.  T o  a c h i e v e  a  mean summer c h l o r o p h y l l  a  c o n c e n t r a t i o n

of 4  l i g / L ,  t h e  s p r i n g  o v e r t u r n  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n  s h o u l d  n o t
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exceed 1 5  p g / L  ( F i g u r e  2 3 ) .  C o n s e q u e n t l y ,  t h e  p r o v i s i o n a l  w a t e r  q u a l i t y

o b j e c t i v e  f o r  a l l  t h e  l a k e s  i s  a  t o t a l  p h o s p h o r u s  c o n c e n t r a t i o n  o f  1 5  p g / L

or l e s s  a t  s p r i n g  o v e r t u r n .  T h e  o b j e c t i v e  a p p l i e s  t o  t h e  average  o f  t h r e e

samples t a k e n  1  m  b e l o w  t h e  s u r f a c e ,  a t  m i d  d e p t h  a n d  1  m  above t h e  b o t t o m

a t  t h e  d e e p e s t  p o i n t  o f  t h e  l a k e .  T h e  m o n i t o r i n g  program f o r  t h e  o b j e c t i v e

i s  o u t l i n e d  i n  S e c t i o n  8 .

A l l  t h e  l a k e s  w e r e  above  t h e  recommended w a t e r  q u a l i t y  o b j e c t i v e  f o r

phosphorus. C o n s e q u e n t l y ,  t h e  w a t e r  q u a l i t y  o b j e c t i v e  f o r  phosphorus i s

cons ide red  t o  b e  a  l o n g  t e r m  o b j e c t i v e .  I t  w i l l  n o t  b e  a t t a i n a b l e  u n t i l  t h e

remedial  measures  recommended i n  t h i s  r e p o r t  c a n  b e  i m p l e m e n t e d .  W a t e r

management t e c h n i q u e s  d e s i g n e d  f o r  K a t h l y n ,  Ty h e e  a n d  Round Lakes  ( d i s c u s s e d

i n  S e c t i o n  7 . 2 ) ,  a r e  c a p a b l e  o f  r e d u c i n g  t h e  s p r i n g  o v e r t u r n  p h o s p h o r u s

c o n c e n t r a t i o n s ,  t o  l e v e l s  n e a r  t h e  w a t e r  q u a l i t y  o b j e c t i v e .

Seymour L a k e  i s  a  more  d i f f i c u l t  c a s e .  T h e  p r e s e n t  causes  o f  e u t r o -

p h i c a t i o n  a r e  n o t  k n o w n .  A d d i t i o n a l  s a m p l i n g  i n  1 9 8 4  ( S e c t i o n  8 . 2 )  b y  t h e

Waste Management  B r a n c h  i n  S m i t h e r s  w i l l  t r y  t o  a s s e s s  t h e  s o u r c e ( s )  o f

phosphorus .  S h o u l d  t h e  r e s u l t s  s h o w  t h a t  t h e  c a u s e s  o f  e u t r o p h i c a t i o n  a r e

n a t u r a l  a n d  i r r e v e r s i b l e  t h e n  t h e  w a t e r  q u a l i t y  o b j e c t i v e  s h o u l d  b e  r e v i s e d

to  5 0  p g / L  o f  t o t a l  phosphorus a t  s p r i n g  o v e r t u r n  t o  p r e v e n t  a n y  f u r t h e r

d e t e r i o r a t i o n  i n  w a t e r  q u a l i t y .  T h e  r e v i s e d  o b j e c t i v e  i s  based  o n  t h e  1 9 8 2

spring o v e r t u r n  phosphorus c o n c e n t r a t i o n .

Should t h e  h i g h e r  p h o s p h o r u s  o b j e c t i v e  b e  u s e d  i n  Seymour  L a k e  t h e

p r i n c i p a l  w a t e r  u s e r s  s h o u l d  b e  n o t i f i e d  t h a t  t h e  w a t e r  i s  p o o r l y  s u i t e d  f o r

water  c o n t a c t  r e c r e a t i o n  o r  d o m e s t i c  c o n s u m p t i o n ,  a n d  n o  imp rovemen ts  i n  t h e

f u t u r e  w a t e r  q u a l i t y  c a n  b e  e x p e c t e d .

6.3 T U R B I D I T Y

The u s e  m o s t  s e n s i t i v e  t o  t u r b i d i t y  i s  d r i n k i n g  w a t e r  s u p p l y  w i t h  d i s -

i n f e c t i o n  o n l y  ( i . e . ,  n o  r e m o v a l  o f  t u r b i d i t y / s u s p e n d e d  r e s i d u e s ) .
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The p r o p o s e d  p r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e  i s  a  maximum o f  5  NTU

and a  a v e r a g e  o f  1  N T U .  T h e s e  o b j e c t i v e s  a r e  b a s e d  o n  B . C .  M i n i s t r y  o f

H e a l t h ,  ( 1 9 8 2 ) ,  D r i n k i n g  Wa t e r  Q u a l i t y  S t a n d a r d s .  T h e  maximum s h a l l  a p p l y

t o  a n y  g r a b  s a m p l e  t a k e n  w i t h i n  1 0  m o f  a  d o m e s t i c  i n t a k e ,  a n d  t h e  a v e r a g e

i s  c a l c u l a t e d  f r o m  a t  l e a s t  5  w e e k l y  samples i n  a  p e r i o d  o f  3 0  d a y s .  T h e

proposed m o n i t o r i n g  f o r  t u r b i d i t y  i s  o u t l i n e d  i n  S e c t i o n  8 . 2 .

Tu r b i d i t y  c a n  b e  i n d u c e d  b y  a l g a l  g r o w t h  o r  s o i l  e r o s i o n  w i t h i n  t h e

watershed.  S a m p l i n g  o f  i n f l o w  c r e e k s  a r o u n d  a l l  l a k e s  i n d i c a t e s  l o w  s o i l

e r o s i o n .  T h e  t u r b i d i t y  i n  t h e  l a k e s  c a u s e d  b y  i n o r g a n i c  s o l i d s  d u r i n g

f r e s h e t  was a l s o  l o w .

The m e a s u r e d  t u r b i d i t y  o f  t h e  l a k e s  w a s  c a u s e d  b y  a l g a l  g r o w t h .

Only T y h e e  L a k e  e p i l i m n i o n  m e t  t h e  a v e r a g e  o b j e c t i v e  o f  1  N T U .  T h e

rema inder  o f  t h e  l a k e s  e x c e e d e d  t h e  a v e r a g e  o b j e c t i v e ,  b u t  w e r e  w i t h i n  t h e

maximum o f  5  NTU.  T h e  l a k e  r e s t o r a t i o n  methods  o u t l i n e d  i n  S e c t i o n  7 . 2  a r e

the recommended t e c h n i q u e s  o f  r e d u c i n g  t u r b i d i t y .  I f  t h e  o b j e c t i v e s  f o r

s p r i n g  o v e r t u r n  p h o s p h o r u s  a r e  m e t  i n  t h e  l o n g  t e r m ,  t h e  t u r b i d i t y  w a t e r

q u a l i t y  o b j e c t i v e  o f  1  NTU w i l l  a l s o  b e  m e t .

6 .4  COLOUR

The w a t e r  u s e  m o s t  s e n s i t i v e  t o  c o l o u r  i s  d r i n k i n g  w a t e r  s u p p l y .

The c o l o u r  o f  w a t e r  i s  c a u s e d  b y  d i s s o l v e d  o r g a n i c s  a n d  p o s s i b l y  i r o n ,

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

c o l o u r  t e s t .  T h e  p r o v i s i o n a l  w a t e r  q u a l i t y  o b j e c t i v e  f o r  c o l o u r  i s  a  m a x i -

mum o f  1 5  T r u e  C o l o u r  U n i t s ,  measu red  i n  a n y  g r a b  s a m p l e  o f  l a k e  w a t e r  t a k e n

w i t h i n  1 0  m o f  a  d o m e s t i c  w a t e r  i n t a k e .  T h i s  i s  a  l o n g  t e r m  o b j e c t i v e  b a s e d

on t h e  B . C .  M i n i s t r y  o f  H e a l t h  ( 1 9 8 2 )  D r i n k i n g  Wa t e r  Q u a l i t y  S t a n d a r d s .
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On a v e r a g e ,  t h e  c o l o u r  v a l u e s  i n  K a t h l y n ,  R o u n d  a n d  Ty h e e  L a k e s  w e r e

s l i g h t l y  a b o v e  t h e  c o l o u r  o b j e c t i v e ,  b u t  S e y m o u r  L a k e  e x c e e d e d  t h e

o b j e c t i v e .  D i s s o l v e d  o r g a n i c s  t h a t  c a u s e  t h e  c o l o u r a t i o n  a r e  p r o d u c e d  b y

v e g e t a t i v e  m a t e r i a l  e i t h e r  w i t h i n  t h e  l a k e  o r  f r o m  t h e  w a t e r s h e d .  O t h e r

than  Seymour  L a k e ,  t h e  c o l o u r  a p p e a r s  t o  b e  d e r i v e d  f r o m  w i t h i n  t h e  l a k e s .

Reduc t ion  o f  t h e  p h o s p h o r u s  c o n c e n t r a t i o n s  a n d  a l g a l  b i o m a s s  f o l l o w i n g

i m p l e m e n t a t i o n  o f  t h e  l a k e  management t e c h n i q u e s  ( S e c t i o n  7 . 2 ) ,  m a y  r e d u c e

the  c o l o u r  v a l u e s .  H o w e v e r ,  i t  c a n  n o t  b e  p r e d i c t e d  t h a t  t h e  c o l o u r  w i l l

be r e d u c e d  t o  t h e  l e v e l  o f  t h e  w a t e r  q u a l i t y  o b j e c t i v e s .

Seymour L a k e  h a s  a  m o r e  d i s t i n c t  c o l o u r  t h a n  t h e  o t h e r  l a k e s .  I t  i s  a

c o l o u r  t y p i c a l  o f  b o g s ,  a l t h o u g h  n o t  a s  b r o w n .  I t  i s  n o t  k n o w n  i f  t h e

c o l o u r  o r i g i n a t e s  f r o m  w i t h i n  t h e  l a k e  o r  f r o m  t h e  w a t e r s h e d .
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7. L A K E  RESTORATION AND MANAGEMENT TECHNIQUES

A l l  f o u r  s t u d y  l a k e s  w e r e  c l a s s i f i e d  a s  e u t r o p h i c  i n  1982 .  W a t e r  q u a l -

i t y  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  e u t r o p h i c  c o n d i t i o n s  r e d u c e  t h e  v a l u e  o f

the  r e s o u r c e  t o  t h e  many d o m e s t i c ,  i n d u s t r i a l  a n d  r e c r e a t i o n a l  u s e r s  o f  t h e

l a k e s .  T h i s  s e c t i o n  w i l l  o u t l i n e  l a k e  r e s t o r a t i o n  me thods ,  a n d  d e v e l o p  l a k e

management g u i d e l i n e s  t o  e n s u r e  t h a t  e u t r o p h i c a t i o n  c a u s e d  b y  w a t e r s h e d

deve lopment  i s  c o n t r o l l e d .

7.1 D R I N K I N G  WATER SUITABIL ITY

The recommended d r i n k i n g  w a t e r  o b j e c t i v e s  a n d  s t a n d a r d s  a d o p t e d  b y  t h e

B.C. M i n i s t r y  o f  H e a l t h  a r e  l i s t e d  i n  Ta b l e  1 9 .  I n  a l l  l a k e s ,  d o m e s t i c

w a t e r  i n t a k e s  t h a t  a r e  l o c a t e d  n e a r  t h e  s u r f a c e  d r a w  w a t e r  w h i c h ,  d u r i n g  t h e

summer, e x c e e d e d  t h e  recommended t e m p e r a t u r e  maximum o f  1 5 ° C .  T h e  c o l o u r

s t a n d a r d  o f  1 5  t r u e  c o l o u r  u n i t s  (TCU)  w a s  g r e a t l y  s u r p a s s e d  b y  t h e  w a t e r  o f

Seymour L a k e  ( m e a n  =  5 0 . 0 ,  s t a n d a r d  d e v i a t i o n  ±  1 0 . 0 ) .  T h e  max imum

e p i l i m n e t i c  c o n c e n t r a t i o n  o f  o r t h o - p h o s p h o r u s  i n  Round  L a k e  w a s  7 3  p g / L ,

which o c c u r r e d  j u s t  b e f o r e  s p r i n g  o v e r t u r n .  T h i s  v a l u e  e x c e e d s  t h e  d r i n k i n g

wa te r  o b j e c t i v e  ( B . C .  M i n i s t r y  o f  H e a l t h ,  1 9 6 9 ) .

Sur face  w a t e r  o f  t h e  s t u d y  l a k e s  c o n t a i n e d  h i g h  c o n c e n t r a t i o n s  o f

p h y t o p l a n k t o n  d u r i n g  t h e  s p r i n g  summer  a n d  f a l l .  T a b l e  1 8  o u t l i n e s  t h e

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

d r i n k i n g  w a t e r  s u p p l i e s .  I f  e u t r o p h i c a t i o n  i n c r e a s e s ,  t h e  c o n c e n t r a t i o n s  o f

a l g a e ,  a n d  t h e  o c c u r r e n c e  o f  t a s t e  a n d  o d o u r  p r o b l e m s ,  w i l l  a l s o  i n c r e a s e .

Water d r a w n  b y  d o m e s t i c  i n t a k e s  l o c a t e d  b e l o w  t h e  t h e r m o c l i n e  w o u l d

g e n e r a l l y  b e  o f  l o w e r  q u a l i t y .  H y p o l i m n e t i c  w a t e r  t e m p e r a t u r e s  i n  b o t h

K a t h l y n  a n d  Seymour L a k e s  exceeded  t h e  d e s i g n a t e d  s t a n d a r d  ( 1 5 ° C )  d u r i n g  t h e

summer. D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  i n  a l l  l a k e s  f e l l  b e l o w  t h e  3 . 0

mg/L s t a n d a r d  recommended b y  Nemerow ( 1 9 7 4 )  a n d  t h e  O n t a r i o  M i n i s t r y  o f

Env i ronment  ( 1 9 7 9 ) .  H y p o l i m n e t i c  c o l o u r  v a l u e s  f o r  K a t h l y n  a n d  Seymour
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Lakes w e r e  h i g h e r  t h a n  t h e  s u r f a c e  w a t e r s ,  w i t h  v a l u e s  exceed ing  t h e  1 5  TCU

standard ( 1 6 . 7  a n d  4 5  r e s p e c t i v e l y ) .  C o l o u r  v a l u e s  f r o m  Round a n d  Ty h e e

were a l s o  h i g h e r  i n  t h e  h y p o l i m n i o n ,  b u t  w e r e  a t  o r  j u s t  b e l o w  t h e  B . C .

M i n i s t r y  o f  H e a l t h  ( 1 9 6 9 )  w a t e r  q u a l i t y  s t a n d a r d  ( 1 5  and 1 3 . 3  r e s p e c t i v e l y ) .

Hypol imnet ic ammonia n i t r o g e n  c o n c e n t r a t i o n s  i n  K a t h l y n  a n d  Seymour L a k e s

peaked i n  September ( 8 3 0  a n d  8 7 5  p g / L  r e s p e c t i v e l y ) .  R o u n d  L a k e  h a d  t w o

periods d u r i n g  w h i c h  ammonia n i t r o g e n  e x c e e d e d  t h e  recommended s t a n d a r d

of 0 . 5  m g / L  ( B . C .  M i n i s t r y  o f  H e a l t h ,  1 9 6 9 ) .  D u r i n g  t h e  w i n t e r  ammonia

n i t rogen  w a s  measured a t  5 7 0  p g / L .  F o l l o w i n g  a  b r i e f  d r o p  d u r i n g  s p r i n g

over turn  t h e  c o n c e n t r a t i o n  r o s e  t o  11 0 0  p g / L .  A l t h o u g h  Tyhee  L a k e  d i d  n o t

exceed t h e  recommended s t a n d a r d  ( B . C .  M i n i s t r y  o f  H e a l t h ,  1 9 6 9 ) ,  ammonia

concentrat ions w e r e  h i g h  (1414 p g / L ) .  B o t h  Round a n d  Ty h e e  l a k e s  h a d  h i g h

concentrat ions o f  o r tho -phosphorus  t h r o u g h  t h e  w i n t e r  ( 1 0 3  a n d  6 7  p g / L

r e s p e c t i v e l y ) ;  maximum c o n c e n t r a t i o n s  o c c u r r e d  i n  l a t e  summer ( 2 5 9  a n d  8 7

pg/L r e s p e c t i v e l y ) .  H y d r o g e n  s u l p h i d e  ( n o t  measured)  w a s  n o t e d  b y  f i e l d

crews i n  l a t e  summer a n d  w i n t e r ,  a n d  m a y  h a v e  c o n t r i b u t e d  o b j e c t i o n a b l e

tas te  and  odour  t o  t h e  w a t e r .

In  summary,  t h e  s u r f a c e  w a t e r  o f  a l l  l a k e s  a p p e a r e d  t o  b e  l e s s  o b j e c -

t i o n a b l e  a s  a  s o u r c e  f o r  d o m e s t i c  d r i n k i n g  w a t e r  t h a n  t h e  b o t t o m  ( h y p o l i m -

n e t i c )  w a t e r .  R e s i d e n t s  may f i n d  s i g n i f i c a n t  improvements i n  w a t e r  q u a l i t y

w i t h  t h e  u s e  o f  i n - l i n e  w a t e r  f i l t e r s .

7 .2  L A K E  RESTORATION TECHNIQUES

7 .2 .1  K AT H LY N  LAKE

S u f f i c i e n t  e v i d e n c e  e x i s t s  t o  show t h a t  l a r g e  amounts o f  n u t r i e n t s  a r e

ente r ing  t h e  l a k e  f r o m  t h e  a i r p o r t  a r e a .  T h e  c o l l e c t i o n  a n d  conta inment

system c u r r e n t l y  used t o  h a n d l e  s p i l l e d  f i r e  r e t a r d a n t  was i n s p e c t e d  i n  June

1983. S u b s e q u e n t l y  t h e  Wa s t e  Management B r a n c h  ( M i n i s t r y  o f  Env i ronment )

permi t  t o  t h e  M i n i s t r y  o f  F o r e s t s  was amended t o  r e d i r e c t  r e l e a s e  o f  excess

waste w a t e r  f r o m  t h e  s t o r a g e  l a g o o n .  T h e  w a t e r  i s  now d i s c h a r g e d  o n  t h e

east  s i d e  o f  t h e  a i r p o r t  r u n w a y.  M o s t  o f  t h e  phosphorus s h o u l d  b e  adsorbed

by s o i l s  o r  t a k e n  u p  b y  g rasses  o n  t h e  runway a p r o n ,  t h e  r e m a i n d e r,  i f  a n y,
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w i l l  d r a i n  i n t o  t h e  r i p a r i a n  f o r e s t  o n  t h e  B u l k l e y  R i v e r .  I t  w i l l  b e  n e c e s -

s a r y  t o  s a m p l e  f o r  n i t r o g e n  a n d  phospho rus  i n  d i t c h  w a t e r  b e t w e e n  t h e  h a n g a r

and t h e  l a k e ,  a n d  i n  t h e  l a k e  i t s e l f  d u r i n g  s p r i n g  r u n o f f ,  t o  d e t e r m i n e  i f

f u r t h e r  c o n t r o l s  a r e  n e c e s s a r y.

Once t h i s  s o u r c e  i s  c u r t a i l e d ,  i m p r o v e m e n t s  i n  w a t e r  q u a l i t y  i n  K a t h l y n

Lake w o u l d  b e  e x p e c t e d .  R e d u c e d  p r o d u c t i v i t y  w o u l d  b e  r e f l e c t e d  b y  a  l e s s

severe  s p r i n g  p h y t o p l a n k t o n  b l o o m .  T h e  s u b s e q u e n t  l o w e r  c o n c e n t r a t i o n  o f

ammonia a n d  r e d u c e d  b i o l o g i c a l  o x y g e n  demand w o u l d  c r e a t e  a  m o r e  h o s p i t a b l e

env i ronmen t  f o r  f i s h ,  a s  w e l l  a s  w a t e r  more  s u i t a b l e  f o r  d o m e s t i c  u s e .

A p r o p o s a l  w a s  m a d e  t o  d i v e r t  G l a c i e r  G u l c h  C r e e k  i n t o  K a t h l y n  L a k e

(Buchanan a n d  B a i l l i e ,  1 9 7 4 )  i n  o r d e r  t o  i m p r o v e  w a t e r  q u a l i t y ,  b u t  i t  i s

not  recommended a t  t h i s  t i m e .  S o l v i n g  t h e  a i r p o r t  r u n o f f  p r o b l e m  s h o u l d

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

improvements i n  w a t e r  c l a r i t y .  T w o  o r  t h r e e  y e a r s  a r e  p r o b a b l y  r e q u i r e d  t o

m o n i t o r  t h e  l a k e ' s  r e s p o n s e .  M e a n w h i l e ,  t h e  v a l u e  o f  t h e  m i n o r  i n c r e m e n t  i n

f l u s h i n g  r a t e  a c h i e v e d  b y  d i v e r t i n g  G l a c i e r  C r e e k  h a s  t o  b e  w e i g h e d  a g a i n s t

l o s s e s  o f  f i s h  h a b i t a t  i n  Toboggan  C r e e k .  D i v e r s i o n  schemes s h o u l d  o n l y  b e

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

a i r p o r t  d r a i n a g e .

The c o s t  o f  t h e s e  d i v e r s i o n s  h a v e  b e e n  e s t i m a t e d  ( B e r g m a n ,  1 9 8 0 )  t o  b e

$45 0 0 0  f o r  G l a c i e r  G u l c h  C r e e k  a n d  $ 2 6  0 0 0  f o r  S i m p s o n  C r e e k .  T h e s e

f i g u r e s  a r e  i n  1 9 7 6  d o l l a r s .

The e f f e c t s  o f  b u i l d i n g  a n d  a g r i c u l t u r a l  d e v e l o p m e n t  o n  a q u a t i c  p l a n t s

i s  o f  c o n c e r n  i n  K a t h l y n  L a k e .  A l t h o u g h  t h e r e  w e r e  n o  d a t a  c o l l e c t e d ,  t h e r e

i s  e v i d e n c e  i n  t h e  l i t e r a t u r e  t h a t  r o o t e d  a q u a t i c  p l a n t s  a r e  n o t  l i m i t e d  b y

n u t r i e n t s .  R a t h e r  t h e i r  d i s t r i b u t i o n  i s  l i m i t e d  b y  l i g h t  a v a i l a b i l i t y  a n d

s u b s t r a t e  s u i t a b i l i t y  (Feedman a n d  C a n a l e ,  1 9 7 7 ) .



46

McKean a n d  N o r d i n  ( i n  p r e p . )  s t u d i e d  t h e  a q u a t i c  p l a n t  N u p h a r

po lysepa lum ( t h e  common l i l y  p a d )  i n  B r a n n e n  L a k e .  T i s s u e  n u t r i e n t  c o n c e n -

t r a t i o n s  d i d  n o t  v a r y  b e t w e e n  a n  u n d e v e l o p e d  f o r e s h o r e ,  a n d  a n  a r e a  r e c e i v -

i n g  a g r i c u l t u r a l  r u n o f f .  S o l a n d e r  ( 1 9 7 8 )  c o u l d  n o t  d e t e c t  a n y  s i g n i f i c a n t

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

Lake.

Acco rd i ng  t o  t h e s e  f i n d i n g s ,  i n c r e a s e d  d e v e l o p m e n t  a n d  s u b s u r f a c e  d i s -

posal  o f  h o u s e h o l d  e f f l u e n t  s h o u l d  n o t  i n f l u e n c e  t h e  d i s t r i b u t i o n  a n d

abundance o f  a q u a t i c  m a c r o p h y t e s .  B u c h a n a n  a n d  B a i l l i e  ( 1 9 7 4 ) ,  a n d  Bergman

(1980) o u t l i n e d  t h e  p o s s i b i l i t y  o f  l o w e r i n g  t h e  w a t e r  l e v e l  o f  K a t h l y n  L a k e

i n  t h e  f a l l  a n d  f r e e z i n g  t h e  r o o t s  o f  t h e  p l a n t s .  T o  r e d u c e  t h e  w a t e r  l e v e l

o f  t h e  l a k e  b y  3 . 7  m,  Bergman e s t i m a t e d  t h e  c o s t  a t  $ 8 0  0 0 0 .

7 . 2 . 2  SEYMOUR LAKE

Data c o l l e c t e d  i n  1 9 8 2  f o r  Seymour L a k e  w e r e  d i f f i c u l t  t o  i n t e r p r e t .

R e l a t i v e l y  l o w  n i t r o g e n  a n d  p h o s p h o r u s  v a l u e s  i n  t h e  i n f l o w  s t r e a m s  i n  May

were f o l l o w e d  b y  v e r y  h i g h  s t r e a m  c o n c e n t r a t i o n s  i n  J u l y .  A e r i a l  p h o t o -

graphs o f  t h e  w a t e r s h e d  i n d i c a t e d  n o  a p p a r e n t  s o u r c e  o f  n u t r i e n t s .  S i n c e

only  a  s i n g l e  sample  ( J u l y  2 1 ,  1 9 8 2 )  g a v e  a  h i g h  s t r e a m  l o a d i n g ,  t h e  p o s s i -

b i l i t y  o f  sample  c o n t a m i n a t i o n  must  b e  c o n s i d e r e d .  A  more i n t e n s i v e  s t ream

sampling program i s  n e c e s s a r y  t o  a s s e s s  a d e q u a t e l y  t h e  e f f e c t  o f  t h e  i n f l o w

s t reams .

The f a c t  r e m a i n s  t h a t  a  s o u r c e  o f  n i t r o g e n  a n d  phosphorus s t i l l  e x i s t s

causing t h e  e u t r o p h i c  c o n d i t i o n s .  I n t e r n a l  r e c y c l i n g  o f  n u t r i e n t s  h a s  b e e n

e l i m i n a t e d  a s  a  s o u r c e  o f  p h o s p h o r u s  b e c a u s e  o f  t h e  l o w  p h o s p h o r u s  c o n c e n -

t r a t i o n  a t  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  L o a d i n g  f r o m  s e p t i c  t a n k s  w a s

m i n i m a l .  S i g n i f i c a n t  a e r i a l  i n p u t  i s  u n l i k e l y .  O n e  p o s s i b i l i t y  i n v o l v e s

wind m i x i n g .  T u r b u l e n c e  o n  a  l e e  s h o r e  c a u s e d  b y  wave  a c t i o n  c a n  r e s u s p e n d
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a s i g n i f i c a n t  a m o u n t  o f  p h o s p h o r u s  i n  s h a l l o w  l a k e s .  M c K e a n  ( 1 9 8 2 )  showed

t h a t  t h e  m a j o r  i n p u t  o f  p h o s p h o r u s  t o  Dragon  L a k e  ( Q u e s n e l )  r e s u l t e d  f r o m

the resuspens ion  o f  bo t tom s e d i m e n t s  d u r i n g  w i n d  e v e n t s .  P r e v a i l i n g  winds

(as r e c o r d e d  a t  t h e  S m i t h e r s  A i r p o r t )  a r e  p r e d o m i n a n t l y  f r o m  t h e  s o u t h e a s t

quadran t  ( E n v i r o n m e n t  C a n a d a ,  1 9 8 1 ) .  S i n c e  S e y m o u r  L a k e  i s  o r i e n t e d

s o u t h e a s t -  n o r t h w e s t  i t  i s  s u b j e c t  t o  t h i s  w i n d  a c t i v i t y  a l o n g  t h e  l o n g

a x i s .  A s  f e t c h  i n c r e a s e s  s o  d o e s  w a v e  s i z e  a n d ,  t h e r e f o r e ,  t u r b u l e n c e  o n

the l e e  s h o r e .  D e s p i t e  t h e  s u s c e p t i b i l i t y  o f  t h e  l a k e  t o  w i n d  m i x i n g ,  n o

da ta  h a v e  b e e n  c o l l e c t e d  t o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  r e s u s p e n s i o n  o f

phosphorus b y  w i n d  a c t i v i t y  w a s  a  m a j o r  s o u r c e  o f  n u t r i e n t s  t o  t h e  l a k e .

C o n s e q u e n t l y,  t h e  m a j o r  s o u r c e  o f  p h o s p h o r u s  t o  S e y m o u r  L a k e  r e m a i n s

unknown. U n t i l  t h e  s o u r c e s  o f  p h o s p h o r u s  c a n  b e  i d e n t i f i e d ,  n o  l a k e

r e s t o r a t i o n  s t r a t e g i e s  c a n  b e  d e v e l o p e d .

7 . 2 . 3  ROUND AND TYHEE LAKES

These t w o  l a k e s  a r e  s i m i l a r  i n  m a n y  w a y s .  T h e y  h a v e  s i m i l a r  m e a n

depths,  w a t e r  c h e m i s t r y ,  n u t r i e n t  c o n c e n t r a t i o n s ,  a n d  phosphorus s o u r c e s .

The r e l e a s e  o f  o r t h o - p h o s p h o r u s  f r o m  t h e  l a k e  s e d i m e n t s  w a s  t h e  l a r g e s t

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

h y p o l i m n e t i c  o x y g e n  demand ( t y p i c a l  o f  e u t r o p h i c  l a k e s )  c a u s e d  a n o x i c  c o n d i -

t i o n s  t o  p e r s i s t  t h r o u g h  m o s t  o f  t h e  summer,  f a l l  a n d  w i n t e r .  T h e  r e s u l t

was a  l o s s  o f  f i s h e r i e s  h a b i t a t ,  a n d  a  b u i l d - u p  o f  ammon ia  a n d  h y d r o g e n

sulphide t h a t  may cause  summer and  w i n t e r  f i s h - k i l l s .

The a b s e n c e  o f  n u t r i e n t s  i n  t h e  s t r e a m s  a t  R o u n d  a n d  Ty h e e  L a k e s  w a s

probably due  t o  t h e  s u i t a b i l i t y  o f  t h e  s o i l  f o r  phosphorus a d s o r p t i o n .  T h e

s o i l s  a r o u n d  Round L a k e  a r e  e x c l u s i v e l y  D r i f t w o o d  s o i l s  ( F i g u r e  7 ) ,  w h i c h

a r e  c h a r a c t e r i z e d  a s  m o d e r a t e l y  f i n e  t e x t u r e d  u n s o r t e d  g l a c i a l  t i l l .  T h e

dominant  s o i l s  a r o u n d  Ty h e e  L a k e  a r e  t h e  B a r r e t t  a n d  D r i f t w o o d  s o i l s .  L i k e

the D r i f t w o o d  s o i l s ,  t h e  B a r r e t t  s o i l s  a r e  modera te ly  f i n e  t e x t u r e d  unsor ted
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g l a c i a l  t i l l .  B o t h  t h e s e  s o i l  t y p e s  a r e  m o d e r a t e l y  t o  w e l l  d r a i n e d .

Combined w i t h  t h e  s o i l s '  m o d e r a t e l y  f i n e  t e x t u r e ,  t h e s e  s o i l s  a r e  w e l l

s u i t e d  t o  a d s o r b  n u t r i e n t s  ( p a r t i c u l a r l y  o r t h o - p h o s p h o r u s ) .  T h e  o b s e r v a t i o n

o f  l o w  n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  c r e e k s  d r a i n i n g  t h e  a g r i c u l t u r a l  a r e a s

s u p p o r t s  t h e s e  a s s u m p t i o n s  a b o u t  t h e  s o i l s  ( S e c t i o n  5 . 9 . 2 d  a n d  5 . 9 . 2 e ) .

The s t r e a m  i n p u t  o f  p h o s p h o r u s  w a s  e s t i m a t e d  t o  b e  b e t w e e n  1 0  a n d  2 5

p e r c e n t  o f  t h e  a n n u a l  p h o s p h o r u s  b u d g e t  f o r  b o t h  l a k e s  ( S e c t i o n  5 . 9 . 2 d  a n d

2 e ) .  S e p t i c  t a n k s  w e r e  o f  m i n o r  i m p o r t a n c e  ( S e c t i o n  4 . 1 ) .  I n t e r n a l

r e c y c l i n g  o f  p h o s p h o r u s  f r o m  a n o x i c  s e d i m e n t s  w a s  o b s e r v e d  t o  b e  t h e

l a r g e s t  s o u r c e  o f  p h o s p h o r u s .  E v e n  t h o u g h  t h e  n u t r i e n t  o r i g i n a t e s  f r o m

w i t h i n  t h e  l a k e s ,  i t  i s  c o n s i d e r e d  a  s o u r c e  b e c a u s e  i t  i s  b i o l o g i c a l l y

a v a i l a b l e ,  a n d  t h e  m a j o r  c a u s e  o f  t h e  l a k e s '  e u t r o p h i c a t i o n  p r o b l e m s .

To p r e v e n t  t h e  r e l e a s e  o f  p h o s p h o r u s  f r o m  t h e  s e d i m e n t s  a  h y p o l i m n e t i c

a e r a t i o n  s y s t e m  i s  recommended.  T h e  b e n e f i t s  o f  a n  a e r a t i o n  s y s t e m  w o u l d

i n c l u d e  a  s i g n i f i c a n t  r e d u c t i o n  i n  s p r i n g  o v e r t u r n  phospho rus  c o n c e n t r a t i o n ,

e l i m i n a t i o n  o f  t h e  p o s s i b i l i t y  o f  w i n t e r  o r  summer f i s h - k i l l  s i t u a t i o n s ,  a

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

b l u e - g r e e n  a l g a e  t o  l e s s  o b n o x i o u s  g r e e n  a l g a e  ( N o r d i n  a n d  McKean, 1 9 8 2 ) .

A e r a t i o n  s h o u l d  b e  i n i t i a t e d  i n  t h e  f a l l  t o  m a x i m i z e  t h e  b e n e f i t s  i n

t h e  f i r s t  y e a r  o f  o p e r a t i o n .

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

s i g n i f i c a n t l y  e l e v a t e  t h e  b o t t o m  w a t e r  a n d  s e d i m e n t  t e m p e r a t u r e s .  A

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

f i s h e r y  a n d  l i m i t s  t h e  b i o l o g i c a l  o x y g e n  demand o f  t h e  s e d i m e n t s .  D e s t r a -

t i f i c a t i o n  a e r a t i o n  o n  L a n g f o r d  L a k e  ( n e a r  V i c t o r i a )  i n c r e a s e d  t h e  o x y g e n

demand o f  t h e  s e d i m e n t s  a b o v e  t h e  o x y g e n a t i o n  c a p a c i t y  o f  t h e  a e r a t o r .  T h e

r e s u l t  was a n o x i c  c o n d i t i o n s  a t  t h e  s e d i m e n t  w a t e r  i n t e r f a c e ,  p h o s p h o r u s

r e l e a s e  f r o m  t h e  s e d i m e n t s ,  a n d  a  l a r g e  a l g a l  b l o o m  t h r o u g h o u t  t h e  l a k e

(McKean, p e r s .  o b s . ) .



49

7.3  WATERSHED MANAGEMENT GUIDELINES

I n  o r d e r  t o  l i m i t  t h e  i m p a c t  o f  w a t e r s h e d  d e v e l o p m e n t  o n  t h e  w a t e r

q u a l i t y  o f  t h e  l a k e s ,  s e v e r a l  r ecommenda t i ons  a r e  o u t l i n e d .

The f i r s t  i s  a  f r e e z e  o n  watershed development u n t i l  t h e  p r e s e n t  e u t r o -

p h i c  c o n d i t i o n s  a r e  c o n t r o l l e d  b y  t h e  l a k e  management p r o g r a m s  o u t l i n e d  i n

Sect ion 7 . 2 .  S e c o n d l y ,  w h e n  a d d i t i o n a l  d e v e l o p m e n t  i s  p e r m i t t e d  b y  t h e

Regional D i s t r i c t ,  t h e  emphasis must b e  o n  r e s t r i c t i n g  t h e  movement o f  p h o s -

phorus f r o m  new d e v e l o p m e n t s ,  t o  t h e  l a k e .

A f t e r  t h e  l a k e s  a r e  s u c c e s s f u l l y  r e s t o r e d  t o  a c c e p t a b l e  l e v e l s  ( s p r i n g

o v e r t u r n  p h o s p h o r u s  c o n c e n t r a t i o n s  o f  1 5  p g / L  o r  l e s s ) ,  d e v e l o p m e n t  i n  t h e

wate rshed  c a n  p r o c e e d  u s i n g  s e w e r s  o r  s e p t i c  t a n k s .  A  sewer  system c o n n e c t -

ing e x i s t i n g  a n d  new homes w i l l  remove t h e  household wastes  f r o m  t h e  w a t e r -

shed. H o w e v e r ,  i f  h i g h  d e n s i t y  hous ing  i s  r e q u i r e d  a round  t h e  l a k e  t o  p r o -

vide t h e  t a x  b a s e  t o  f u n d  t h e  s y s t e m ,  t h e n  a n y  b e n e f i t s  o f f e r e d  b y  t h e

c o l l e c t i o n  a n d  d i s p o s a l  s y s t e m  may b e  o f f s e t  b y  changes w i t h i n  t h e  w a t e r -

shed. F o r  e x a m p l e ,  s t o r m  r u n o f f  f r o m  n e w  r o a d s ,  l a w n s ,  a n d  h o u s e s  w i l l  b e

an a d d i t i o n a l  s o u r c e  o f  n u t r i e n t s  t o  t h e  l a k e .  B e c a u s e  o f  d i t c h i n g ,  d i v e r -

s ions,  a n d  l a n d  d i s t u r b a n c e  a s s o c i a t e d  w i t h  h i g h  d e n s i t y  development  t h e

hydrology o f  t h e  w a t e r s h e d  may a l s o  change .  T h e  i n f l o w  c r e e k s  may f l o o d

more o f t e n ,  a n d  d r y  up  i n  t h e  summer.

Maintenance o f  w a t e r  q u a l i t y  w i l l  r e q u i r e  l o w  t o  moderate d e n s i t y  hous-

ing l o c a t e d  o n  s o i l s  s u i t a b l e  f o r  t h e  a d s o r p t i o n  o f  phosphorus.  S e c t i o n  4 . 1

noted t h e  s o i l s  around each  l a k e  t h a t  have  good,  modera te  o r  p o o r  s u i t a b i l i -

t y.  S e p t i c  d r a i n f i e l d s  s e r v i n g  housing o n  t h e  s o i l  t y p e s  de te rmined  t o  have

good phosphorus a d s o r p t i o n  s u i t a b i l i t y  s h o u l d  have a  5 0  m s e t b a c k .  O n  s o i l s

of m o d e r a t e  s u i t a b i l i t y ,  h o u s i n g  s h o u l d  h a v e  a  minimum o f  1 0 0  m  s e t b a c k ,

wh i le  o n  p o o r  s o i l s  i t  shou ld  have  a  3 0 0  m s e t b a c k .

These s e t b a c k  d i s t a n c e s  f o r  s e p t i c  d r a i n f i e l d s  a r e  designed t o  min imize

the amount o f  phosphorus e n t e r i n g  t h e  l a k e  f r o m  homes u s i n g  s e p t i c  t a n k s .
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They w o u l d ,  o f  c o u r s e  n o t  b e  r e l e v a n t  f o r  d e v e l o p m e n t s  s e r v e d  b y  s e w e r s

which c a r r y  t h e  domest ic  wastes  o u t  o f  t h e  w a t e r s h e d .  H o w e v e r ,  p r e c a u t i o n s

would s t i l l  b e  n e c e s s a r y  t o  c o n t r o l  a d v e r s e  e f f e c t s  f r o m  s t o r m  d r a i n a g e  a n d

l e a c h i n g  f r o m  r e s i d e n t i a l  g a r d e n s .  T h e s e  m a t t e r s  a r e  e l a b o r a t e d  o n  i n

the  f o l l o w i n g  s e c t i o n .

7 .3 .1  WATERSHED DEVELOPMENT

-The s e t b a c k  g u i d e l i n e s  ( a r o u n d  t h e  s t u d y  l a k e s  a n d  t h e i r  i n f l o w

streams) o u t l i n e d  i n  S e c t i o n  4 . 3  w e r e  d e s i g n e d  t o  l i m i t  t h e  i n p u t  f r o m

s e p t i c  t a n k s  t o  a n  e s t i m a t e d  maximum o f  1 0  p e r c e n t  o f  t h e  5 . 5  k g  o f  p h o s -

phorus d i s c h a r g e d  b y  a n  a v e r a g e  home.  C o n s e q u e n t l y  t h e  phosphorus l o a d i n g

reaching t h e  l a k e s  f r o m  n e w  developments  u s i n g  s e p t i c  t a n k s  s h o u l d  n e v e r

exceed 0 . 5 5  k g / y r  p e r  house i f  t h e  s e t b a c k  g u i d e l i n e s  a r e  f o l l o w e d .

Two methods w e r e  used t o  de te rmine  t h e  phosphorus l o a d i n g  f r o m  r e s i d e n -

t i a l  r u n o f f  i n  t h e  Smi thers  a r e a .  I n  t h e  f i r s t  method  D r .  J . H .  Wiens  ( p e r s .

comm.), o f  t h e  Surveys  a n d  Resource Mapping Branch e s t i m a t e d  t h e  phosphorus

l o a d i n g  f r o m  r e s i d e n t i a l  a r e a s  ( n o n - s e p t i c  t a n k  r e l a t e d  a c t i v i t y ) .  H e  c o n -

cluded t h a t  f e r t i l i z a t i o n  o f  l a w n s  a n d  gardens w o u l d  b e  t h e  l a r g e s t  s o u r c e

o f  p h o s p h o r u s .  A s s u m i n g  50% o f  t h e  homes w i l l  f e r t i l i z e  i n  a n y  o n e  y e a r ,

t h a t  t h e  f e r t i l i z a t i o n  a p p l i c a t i o n  r a t e  w i l l  b e  4 4  k g  P / h a ,  a n d  t h a t  t h e

average l o t  s i z e  i s  0 . 0 8  h a ,  e a c h  house w i l l  c o n t r i b u t e  t h e  e q u i v a l e n t  o f

1.75 k g  P / y r  i n t o  t h e  watershed .

The phosphorus t r a n s m i s s i o n  c o e f f i c i e n t s  f o r  a p p l i e d  f e r t i l i z e r s  s h o u l d

be l o w e r  t h a n  f o r  s e p t i c  t a n k s  ( S e c t i o n  4 . 1 ) ,  because  s e p t i c  t a n k s  d i s c h a r g e

la rge  vo lumes  o f  w a t e r  b e l o w  g r o u n d .  R e d u c e d  s o i l  t h i c k n e s s  a n d  g r e a t e r

volumes o f  w a t e r  w o u l d  r e d u c e  t h e  s o i l ' s  c a p a c i t y  t o  a d s o r b  phosphorus .

F e r t i l i z e r s  a r e  a p p l i e d  t o  t h e  r o o t  z o n e  o f  t h e  s o i l  w h i c h  h a s  a  h i g h e r

phosphorus a d s o r p t i o n  a b i l i t y .  C o n s e q u e n t l y  t h e  phosphorus t r a n s m i s s i o n

c o e f f i c i e n t  w a s  e s t i m a t e d  a t  5  p e r c e n t  o f  1 . 7 5  k g  ( s e e  above)  o r  0 . 1  k g  P / y r

per h o u s e .
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The s e c o n d  m e t h o d  u s e d  r e s i d e n t i a l  r u n o f f  c o n c e n t r a t i o n s  o f  p h o s p h o r u s

r e c o r d e d  i n  Va n c o u v e r  i n  1980-1981 b y  S w a i n  ( 1 9 8 3 ) .  H e  r e p o r t e d  a n  a v e r a g e

phosphorus c o n c e n t r a t i o n  i n  r u n o f f  o f  1 6 0  p g / L  f r o m  a  r e s i d e n t i a l  c o m p l e x  o f

200 h o m e s .  T h e  v o l u m e  o f  r u n o f f  m e a s u r e d  w a s  7 6  0 0 0  m '  w h i c h  p r o d u c e d  a

phosphorus l o a d i n g  o f  1 2  k g  P / y r  f r o m  t h e  2 0 0  home c o m p l e x  o r  0 . 0 6  k g  P / y r

per  h o u s e .

The m e t h o d  u s e d  b y  W i e n s  o v e r e s t i m a t e s  t h e  p h o s p h o r u s  l o a d i n g  f r o m

sewered r e s i d e n t i a l  homes i n  Va n c o u v e r.  B e c a u s e  o f  t h e  d i f f e r e n c e s  i n  r a i n -

f a l l ,  s o i l  t y p e ,  s l o p e  a n d  c l i m a t e  b e t w e e n  S m i t h e r s  a n d  Va n c o u v e r ,  t h e

l i b e r a l  l o a d i n g  e s t i m a t e s  b y  Wiens  a r e  p r e f e r r e d .  T h e y  a r e  u s e d  t o  e s t i m a t e

t h e  i m p a c t  o f  new  w a t e r s h e d  d e v e l o p m e n t  o n  t h e  w a t e r  q u a l i t y  o f  t h e  l a k e s .

I n  summary e a c h  home o n  s e p t i c  t a n k s  ( p r o p e r  s e t b a c k s  assumed) ,  c o n t r i -

butes a b o u t  0 . 6 5  k g  ( 0 . 5 5  p l u s  0 . 1 0 )  o f  p h o s p h o r u s  t o  t h e  l a k e  p e r  y e a r ,

and e a c h  new home o n  a  s e w e r  s y s t e m  c o n t r i b u t e s  a b o u t  0 . 1 0  k g  P / y r .

Watershed d e v e l o p m e n t  s h o u l d  o n l y  b e  p e r m i t t e d  w h e n  t h e  l a k e  r e s t o r -

a t i o n  methods o u t l i n e d  i n  S e c t i o n  7 . 2  a r e  i m p l e m e n t e d ,  a n d  t h e  w a t e r  q u a l i t y

o b j e c t i v e  f o r  p h o s p h o r u s  ( 1 5  u g / L  a t  s p r i n g  o v e r t u r n )  i s  a t t a i n e d .  A f t e r

r e s t o r a t i o n ,  t h e  p h o s p h o r u s  l o a d i n g  c a n  b e  i n c r e a s e d  b y  a s  much a s  3 5  k g / y r

i n  K a t h l y n  a n d  Round  L a k e s ,  a n d  3 0  k g / y r  i n  Ty h e e  L a k e  ( a c c o r d i n g  t o  t h e

Reckhow a n d  S i m p s o n ( 1 9 8 0 )  m o d e l )  w i t h o u t  a n y  n o t a b l e  c h a n g e  b e i n g  e x p e c t e d

i n  p h o s p h o r u s  l e v e l s  o r  w a t e r  q u a l i t y .

Based o n  t h e  p h o s p h o r u s  l o a d i n g  r a t e s  f o r  s e p t i c  t a n k s  ( 0 . 6 5  m g / y r ) ,

and s e w e r e d  homes  ( 0 . 1  k g / y r ) ,  T a b l e  2 0  s u m m a r i z e s  a  r a n g e  o f  a d d i t i o n a l

development  t h a t  c o u l d  b e  a l l o w e d  a r o u n d  e a c h  l a k e  ( e x c e p t  S e y m o u r ) .  T h e

e s t i m a t e s  a s s u m e  t h a t  t h e  s e t b a c k  recommenda t i ons  o u t l i n e d  i n  S e c t i o n  4 . 3

a r e  m e t .  T h e  r a n g e  o f  a d d i t i o n a l  h o u s e s  s e r v i c e d  b y  s e p t i c  t a n k s  o r  s e w e r s

g i v e s  t h e  R e g i o n a l  D i s t r i c t  f l e x i b i l i t y  i n  d e t e r m i n i n g  t h e  d e n s i t y  o f

deve lopment .



52

Because t h e r e  a r e  n o  l a k e  management p r o p o s a l s  o u t l i n e d  i n  t h i s  r e p o r t

f o r  Seymour  L a k e ,  n o  w a t e r s h e d  d e v e l o p m e n t  e s t i m a t e s  a r e  p o s s i b l e .  T h e  b e s t

recommendat ion t h a t  c a n  b e  o f f e r e d ,  i s  t h a t  n o  f u r t h e r  d e v e l o p m e n t  b e

a l l o w e d  u n t i l  t h e  c a u s e s  o f  e u t r o p h i c a t i o n  a r e  k n o w n ,  c o r r e c t e d ,  a n d  a

watershed d e v e l o p m e n t  s t r a t e g y  d e s i g n e d .

K a t h l y n  a n d  R o u n d  L a k e s  c a n  w i t h s t a n d  s i m i l a r  a m o u n t s  o f  w a t e r s h e d

deve lopment .  A  maximum o f  5 5  new h o u s i n g  u n i t s  o n  s e p t i c  t a n k s  o r  3 5 0  u n i t s

on s e w e r s  i s  recommended i n  t h e s e  w a t e r s h e d s .  T y h e e  L a k e  w a s  c o n s i d e r e d

more s e n s i t i v e .  A  maximum o f  4 5  new homes o n  s e p t i c  t a n k ,  o r  3 0 0  u n i t s  o n

sewers i s  recommended.

The p h o s p h o r u s  l o a d i n g  f r o m  l i v e s t o c k  w a s  a d d r e s s e d  i n  S e c t i o n  5 . 9 . 2

f o r  T y h e e  a n d  R o u n d  L a k e s .  S m a l l  ' h o b b y '  f a r m s  a r e  a  p o s s i b l e  c o n c e r n

around K a t h l y n  a n d  S e y m o u r  L a k e s .  T h e  f o l l o w i n g  d i s c u s s i o n  a t t e m p t s  t o

assess t h e  i m p a c t  t h i s  t y p e  o f  f a r m  w o u l d  h a v e  o n  w a t e r  q u a l i t y .

Two assumptions a r e  made: 1 )  t h e  f a r m s  w i l l  b e  s m a l l  ( 2 - 3  h a ) ,  a n d  2 )

t he  s e t  b a c k  r e g u l a t i o n s  o u t l i n e d  f o r  s e p t i c  t a n k s  a p p l y  e q u a l l y  t o

l i v e s t o c k .

The p h o s p h o r u s  c o n t r i b u t i o n  f r o m  l i v e s t o c k  w a s  a s s e s s e d  a t  1 6  k g / y e a r

f o r  e v e r y  a n i m a l  u n i t  ( 4 5 0  k g = 1  a n i m a l  u n i t )  ( W i e n s ,  p e r s .  c o m m . ) .  T h e

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

s u b s u r f a c e  d i s c h a r g e  o f  s e p t i c  t a n k s .  S u r f a c e  d e p o s i t i o n  c a n  a l l o w

m i n e r a l i z a t i o n  a n d  a d s o r p t i o n  o r  u p t a k e  w i t h i n  t h e  r o o t  z o n e .  O f f s e t t i n g

t h i s  advantage  o v e r  s e p t i c  t a n k s  i s  t h e  p o s s i b i l i t y  o f  d i r e c t  d i s c h a r g e  o f

manure i n t o  t h e  l a k e  o r  i n f l o w  s t r e a m s  d u r i n g  f r e s h e t  o r  s t o r m  e v e n t s .

Based o n  t h i s  a s s e s s m e n t ,  1 0  p e r c e n t  o f  t h e  p h o s p h o r u s  d e p o s i t e d  o n  a

' hobby '  f a r m  w i l l  r e a c h  t h e  l a k e .  T h i s  i s  t h e  same l o a d i n g  f a c t o r  u s e d  f o r

s e p t i c  t a n k s .
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The M i n i s t r y  o f  A g r i c u l t u r e  a n d  F o o d  ( 1 9 8 3 ) ,  n o t e d  t h a t  t h e  l i v e s t o c k

d e n s i t y  o n  g r a z i n g  p a s t u r e  ( n o  a d d i t i o n a l  f e e d )  i s  1  0 0 0  k g / h a  ( 2 . 2  a n i m a l

u n i t s / h a ) .  I f  f e e d  i s  s u p p l e m e n t e d  t h e n  d e n s i t i e s  c a n  i n c r e a s e  t o  2 0  0 0 0

kg /ha  ( 4 4  a n i m a l  u n i t s / h a )  w i t h o u t  b e i n g  c l a s s i f i e d  a s  a  f e e d  l o t .  F o r  t h e

purpose o f  t h i s  r e p o r t  t h e  l i v e s t o c k  d e n s i t y  o f  t h e  t y p i c a l  ' h o b b y '  f a r m  i s

assumed t o  b e  1  0 0 0  k g / h a .  T h e  p h o s p h o r u s  d e p o s i t  r a t e  o f  1 6  k g / y r  f o r

eve ry  4 5 0  k g  o f  l i v e s t o c k  y i e l d s  a  l o a d i n g  o f  3 5  k g / h a .  I f  e v e r y  ' h o b b y '

farm h a s  2  h a  o f  g r a z i n g  l a n d  t h e  p h o s p h o r u s  d e p o s i t i o n  f r o m  e a c h  f a r m  i s  7 0

k g / y r .  T h e  v o l u m e  o f  p h o s p h o r u s  e n t e r i n g  a  s t r e a m  o r  l a k e  i s  1 0  p e r c e n t  o f

the  v o l u m e  d e p o s i t e d  o r  7  k g / y r .

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

0.65 k g / y r .  T h e r e f o r e ,  e a c h  ' h o b b y '  f a r m  o f  2  h a  s i z e  i s  e q u i v a l e n t  t o  t h e

impact  o f  1 0  h o u s e s  u s i n g  s e p t i c  t a n k s .
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8. MONITORING

8.1 F E C A L  COLIFORM BACTERIA

The s a m p l i n g  p r o g r a m  o u t l i n e d  b e l o w  i s  d e s i g n e d  t o  d e t e r m i n e  t h e  d e g r e e

o f  a t t a i n m e n t  o f  t h e  f e c a l  c o l i f o r m  w a t e r  q u a l i t y  o b j e c t i v e s  f o r  d o m e s t i c

w a t e r  s u p p l i e s  a n d  c o n t a c t  r e c r e a t i o n  f o r  e a c h  o f  t h e  l a k e s .  B e c a u s e  t h e

l a b o r a t o r y  i s  i n  Va n c o u v e r,  s a m p l e s  m u s t  b e  c o l l e c t e d  o n  Monday o r  Tu e s d a y,

and t r a n s p o r t e d  b y  a i r .

C o n s i d e r i n g  t h e s e  r e s t r i c t i o n s ,  t h e  d o m e s t i c  f e c a l  m o n i t o r i n g  s h o u l d  b e

f i v e  w e e k l y  s a m p l e s  o v e r  3 0  d a y s  a t  t w o  l o c a t i o n s  o n  e a c h  l a k e .  T h e  s i t e s ,

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

domes t i c  o r  w a t e r w o r k s  l i c e n c e .  L o c a t i o n  o f  t h e  s i t e  s h o u l d ,  h o w e v e r ,  b e

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

The s a m p l e  c a n  b e  c o l l e c t e d  w i t h i n  1 0  m o f  t h e  i n t a k e  o r  a t  a  t a p  ( o r

o u t s i d e  l o c a t i o n )  t h a t  c o m e s  d i r e c t l y  f r o m  t h e  l a k e  ( n o  c h l o r i n a t i o n  o r

f i l t e r i n g ) .  T h e  l i n e  s h o u l d  b e  t h o r o u g h l y  f l u s h e d  b e f o r e  f i l l i n g  t h e  s a m p l e

b o t t l e  f r o m  t h e  t a p .

M o n i t o r i n g  f o r  p r i m a r y  c o n t a c t  w a t e r  r e c r e a t i o n  s h o u l d  b e  d u r i n g  t h e

summer m o n t h s  ( J u n e  t h r o u g h  A u g u s t ) .  T h e  b e a c h e s  a t  t h e  n o r t h  e n d  o f

K a t h l y n  L a k e  a n d  t h e  Ty h e e  L a k e  P r o v i n c i a l  P a r k  s h o u l d  b e  s a m p l e d  w e e k l y .

F i ve  w e e k l y  s a m p l e s  o v e r  3 0  d a y s  s h o u l d  b e  t a k e n  a t  d i f f e r e n t  l o c a t i o n s

a long  e a c h  b e a c h .  S a m p l e s  s h o u l d  b e  t a k e n  2  m  f r o m  s h o r e  a t  t h e  s u r f a c e .

The p r e s e n c e  o f  swimmers  m u s t  b e  n o t e d  a t  t h e  t i m e  o f  s a m p l i n g .

8 .2  GENERAL WATER QUALITY

Regular w a t e r  q u a l i t y  m o n i t o r i n g  i s  a  k e y  e l e m e n t  i n  d e t e r m i n i n g  t h e

e f f e c t i v e n e s s  o f  w a t e r s h e d  management  i n i t i a t i v e s .  I n  t h e  p r e s e n t  c a s e ,

phosphorus c o n c e n t r a t i o n  a t  s p r i n g  o v e r t u r n ,  t o g e t h e r  w i t h  m e a n  s u m m e r

c h l o r p h y l l  a  c o n c e n t r a t i o n s ,  a r e  t h e  b a s i c  v a r i a b l e s  e x p e c t e d  t o  c h a n g e
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i f  t h e  l a k e  a n d  w a t e r s h e d  m a n a g e m e n t  r e c o m m e n d a t i o n s  a r e  f o l l o w e d .

M o n i t o r i n g  p r o g r a m s  h o w e v e r ,  m a y  b e  l i m i t e d  b y  a v a i l a b l e  manpower  a n d

budge ts .

Because Round a n d  Ty h e e  Lakes  h a v e  s i m i l a r  c h a r a c t e r i s t i c s ,  i t  i s  n o t

necessary t o  m o n i t o r  b o t h  l a k e s  t o  t h e  same e x t e n t .  O n l y  s p r i n g  o v e r t u r n

n u t r i e n t s  s h o u l d  b e  c o l l e c t e d  f r o m  Round  L a k e  ( s i t e  11 3 1 0 0 8 ) .  T h e  m o r e

e x t e n s i v e  m o n i t o r i n g  o f  Ty h e e  L a k e  ( s i t e  11 3 1 0 0 9 )  i s  o u t l i n e d  b e l o w .  T h e

m o n i t o r i n g  o f  K a t h l y n  L a k e  ( s i t e  11 3 1 0 0 7 )  w i l l  b e  t h e  same a s  Ty h e e  Lake

The recommended m o n i t o r i n g  f o r  Ty h e e  a n d  K a t h l y n  i s  a s  f o l l o w s :

La te  S p r i n g  M i d  E n d  o f
Winter  O v e r t u r n  J u l y  A u g u s t

D i s s o l v e d  o x y g e n  p r o f i l e
Tempera tu re  p r o f i l e

Ammonia- n i t r o g e n  x  x  x
N i t r a t e - n i t r o g e n  x  x  x
Organic n i t r o g e n  x  x  x
To t a l  n i t r o g e n  x  x  x
Or tho  phospho rus  x  x  x
To t a l  p h o s p h o r u s  x  x  x

To t a l  m e t a l s  ( p a c k a g e  F )  x
Chlorophyl l  a  x  x  x
Phytoplankton x  x  x
Zooplankton x  x
Tu r b i d i t y  x  x  x
Secchi  d i s c  x  x  x
Colour x  x  x
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F u r t h e r  i n v e r s t i g a t i o n s  o n  S e y m o u r  L a k e  a r e  n e e d e d  t o  c l a r i f y  t h e

source  o f  n u t r i e n t s  a n d  c o l o u r .  T h e  s p e c i a l  i n v e s t i g a t i o n  o f  Seymour  L a k e

shou ld  f o l l o w  t h e  s a m e  r o u t i n e ,  b u t  n u t r i e n t s ,  c h l o r o p h y l l  a ,  c o l o u r  a n d

t u r b i d i t y  s h o u l d  b e  a d d e d  f o r  t h e  l a t e  w i n t e r  s a m p l i n g  e v e n t .  I n  a d d i t i o n ,

n u t r i e n t s ,  c o l o u r ,  t o t a l  c a r b o n ,  o r g a n i c  c a r b o n  a n d  t u r b i d i t y  s h o u l d  b e

measured m o n t h l y  i n  i n l e t  a n d  o u t l e t  s t r e a m s .  T h i s  s h o u l d  p r o v i d e  t h e  b a s i s

f o r  a s s e s s i n g  n u t r i e n t  l o a d i n g  a n d  a  management  p r e s c r i p t i o n  f o r  S e y m o u r

Lake.

I f  l a k e  r e s t o r a t i o n  p r o j e c t s  a r e  u n d e r t a k e n  a t  Round  L a k e ,  t h e n  i t  w i l l

be n e c e s s a r y  t o  m o n i t o r  t h a t  l a k e ,  i n  o r d e r  t o  e v a l u a t e  t h e  p r o j e c t ' s  i m p a c t

on w a t e r  q u a l i t y .

I n  a d d i t i o n  t o  t h e  a n n u a l  m o n i t o r i n g  o u t l i n e d  a b o v e ,  S e c t i o n  2 . 3

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

f l u s h l i n g  r a t e  e s t i m a t e s  f o r  a l l  t h e  l a k e s .
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FIGURE 8:  A GENERAL STRATIFICATION REGIME IN A TYPICAL LAKE
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A t t r i b u t e KATHLYN SEYMOUR ROUND TYHEE

E l e v a t i o n  ( m ) 472 496 579 549
Sur face  A r e a  ( h a ) 170 89.5 182 318
Volume ( d a m 3 ) * * 7780 5120 17 5 1 6 35 2 7 8
Mean D e p t h  ( m ) 4.6 5.7 9.6 11.1
Maximum D e p t h  ( m ) 9.5 9.2 20.4 22.2
Pe r ime te r  ( m ) 6130 4115 5 3 3 4 9 7 5 4

PERIOD DRAINAGE Median
STATION STATION NAME OF AREA Basin
NUMBER RECORD (km2) E l e v a t i o n

(m)

08EE014 Canyon C r .  n r .  S m i t h e r s 73-81 252 ( 2 5 6 ) * * 1006
08EE008 Goathorn C r .  n r .  Te l k w a 60-81 149 ( 1 3 2 ) 1104
08EE018 Maxum C r .  a b .  B u l k e y  L k . 74-79& 323 ( 3 6 8 ) 1030
08EE012 Simpson C r .  a t  t h e  M o u t h 69-71 12.2 ( 1 3 . 2 ) 1540

74-81
08EE009 R i c h f i e l d  C r .  n r .  To p l e y 64-74 120 ( 1 7 3 ) 1174
08EE010 K a t h l y n  C r .  a b .  S i m p s o n  C r . 67-79 20 .0  ( 2 4 . 6 ) 1112
08EE011 K a t h l y n  L k .  n r .  S m i t h e r s 68-80

LAKE ESTIMATED AVERAGE LAKE VOLUME WATER RETENTION FLUSHING RATE
RUNOFF ( d a m 3 ) * (dam3) TIME ( y r . ) ( y r - 1 )

Max. Min . Mean Max. M in . Mean Max. M in . Mean

K a t h l y n 6700 7 780 1.15 0.9
Seymour 6000 3020 4510 4 1 5 0 1.33 0.73 0.92 0.75 1.4 1.1

Tyhee 12 0 0 0 2130 7065 35 2 7 5 16.6 2.94 5.0 0.3 0.06 0.2

Round 9000 2000 5500 17 2 6 0 1.9 8.6 3.1 0.52 0.12 0.3

TABLE 1
SUMMARY OF MORPHOMETRIC DATA*

* f r o m  Resou rce  Q u a l i t y  S e c t i o n ,  Wa t e r  Management B r a n c h
* *  d a m '  =  c u b i c  d e c a m e t r e  ( 1 0 0 0  m3)

TABLE 2
HYDROMETRIC DATA USED*

* S o u r c e :  W a t e r  S u r v e y  o f  Canada ( 1 9 7 7 )
* *  D r a i n a g e  A r e a s  i n  b r a c k e t s  a r e  Wa t e r  S u r v e y  o f  Canada f i g u r e s .

TABLE 3
AVERAGE RUNOFF, WATER RETENTION TIME AND FLUSHING RATES

OF THE FOUR STUDY LAKES

* E s t i m a t e s  f r o m  We i s s  ( 1 9 8 2 )



TABLE 4
WATER LICENCES ON KATHLYN LAKE*

PRIORITY
DATE

LICENCE
NUMBER

POINT OF
WITHDRAWAL
(FIGURE 2 )

VOLUME USE LOCATION LICENCEE

1941-12-10 C 3 5 7 6 9 Q 455 m 3 / d IND* Lease #70463  s i t u a t e d  i n  E
1 /2  o f  NES 1 / 4  o f  Sec  11  T P
1A R  5  C o a s t  D i s t

E n g i n e e r i n g  B r a n c h
F o r e s t s ,  M i n i s t r y
o f

1958-12-09 F 20844 B 9 m 3 / d DOM L 1 0 - 1 3  I n e l  o f  F r a c  S e c  11
TP 1A R  5  C o a s t  D i s t  P l a n
1243

Roda H o l d i n g s
L t d .

1958-12-09 F 21526 C 2.3 m 3 / d DOM L 8  o f  F r a c  S e c  11  T P  1 A R
5 C o a s t  D i s t  P l a n  3 9 5 8

G e l l e y,  L o u i s  J .

1963-01-28 F 19245 DO 2.3  m3/d DOM L 6 7  o f  Sec  11  T P  1 A R  5
Coast D i s t  P l a n  1 2 4 3

Ken t ,  R a l p h  E .  a n d
Wendy N .

1965-06-15 F 38109 U 2.3  m ' i d DOM Blk  4  o f  S e c  1 4  TP 1 A R  5
Coast D i s t  P l a n  1 2 2 5

M i l l e r ,  R o n a l d  J .
Dr.  a n d  E .

1965-06-21 F 57178 NN 2.3  m3 /d
1 .2  dam3

DOM
IRR

L 4  o f  Sec  11  T P  1 4  R  5
Coast D i s t  P l a n  1 2 4 3

Deguchi ,  H a r r y /
Chiyo

1965-07-30 F 20861 PP 2 .3  m 3 / d DOM L 1 0  o f  S e c  1 4  TP 1 A R  5
Coast D i s t  P l a n  1 2 2 5

Graham, D o r o t h y  I .

1965-11-15 F 21527 RR 2.3  m 3 / d DOM PCL A  ( 8 1 8 6 2 1 )  o f  B l k  B  R e f
Plan 1 5 8 9  S e c  1 4  TP 1 A R  5
Coast  D i s t  P l a n  1 4 6 3

Graydon, Edmund T .

1966-02-03 F 38713 XX 2 .3  713/d DOM L 1 7 - 1 9  I n e l  o f  F r a c  S e c  11
TP 1 A R  5  C o a s t  D i s t  P l a n
1243

Harvey,  R u t h  M.

1966-04-28 F 42177 YY 2 .3  m , i DOM L B  o f  F r a c  Sec  1 4  T P 1 A R
5 C o a s t  D i s t  P l a n  1 6 2 2

Ba lz ,  H e r b e r t

1966-04-28 F 21126 ZZ 2.3  m 3 / d DOM L 3  o f  S e c  1 4  TP 1 A R  5
Coast D i s t  P l a n  1 2 2 5

Lundy,  B e r n a r d  B .
and C e c i l e  C . M .

* F rom Wa t e r  Management F i l e s ,  M i n i s t r y  o f  E n v i r o n m e n t
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PRIORITY
DATE

LICENCE
NUMBER

POINT OF
WITHDRAWAL
(FIGURE 2 )

VOLUME USE LOCATION LICENCEE

1970-07-27 F 51340 N3 4.5  m 3 / d DOM L 3  o f  S e c  1 4  TP 1 A R  5
Coast D i s t  P l a n  6 0 2 5  E x c
Plan 8 5 7 9

Nelson,  R o y  E .  a n d
I v a d e l l  L .

1972-06-14 C 4 8 0 4 3 X4 23 m 3 / d IND Blk  1  a n d  B l k  B  C / T  9 0 3 4  o f
Frac SW 1 / 4  o f  T P  1A R  5
Coast D i s t  P l a n  1 2 2 5

Olson,  E s t h e r  M .

1975-06-20 C 46911 M4 2.3  m 3 / d DOM L 3  o f  S e c  1 4  TP 1 A R  5
Coast D i s t  P l a n  1 4 6 3

Forward,  B e a t r i c e
E.

1975-06-24 C 46251 N4 2 .3  m3 /d DOM Blk  1 3  o f  Sec  1 4  T P  1A R  5
Coast D i s t  P l a n  1 2 2 5

Raymond, W i l l i a m
G. a n d  S a n d r a  L .

1975-06-27 C 46464 R4 2.3  m 3 / d DOM L A o f  S e c  1 4  TP 1 A R  5
Coast  D i s t  P l a n  1 4 7 5

Jackson,  G e o f f r e y
G. a n d  T r o t t e r ,
Thomasine G .

1975-06-30 C 46465 Q4 2 .3  m 3 / d DOM L 1 7  o f  S e c  1 4  TP 1 A R  5
Coast D i s t  P l a n  1 2 2 5

Greene, A .  G r a c e

1975-07-15 C 46690 S4 2 . 3  m3/d DOM L 7  o f  Sec  11  T P  1A R  5
Coast D i s t  P l a n  1 2 4 3

Watson, James  C .

1975-09-25 C 4 5 9 1 4 V4 0.5  dam3 IRR 0.25 AC o f  L  9  o f  F r a c  S e c
14 T P 1A R  5  C o a s t  D i s t
Plan 1 2 2 5

P f l u g b e i l ,
D i e t h a r t  O .  a n d
Joan M.

1976-07-09 C 47860 C5 23 m s / d DOM L 5  o f  F r a c  S e c  1 4  TP 1 A R
5 C o a s t  D i s t  P l a n  1 4 6 3  E x c
Plan 1 4 7 5

Clean ,  T h e l m a

1976-07-29 C 47683 D5 2.3  m 3 / d DOM L 7  o f  S e c  1 4  TP I A  R  5
Coast D i s t  P l a n  1 2 2 5

Candela ,  P a u l  a n d
A l i s o n

TABLE 4  ( C o n t i n u e d )
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PRIORITY
DATE

LICENCE
NUMBER

POINT OF
DIVERSION
(FIGURE 3 )

VOLUME USE LOCATION LICENCEE

1964-08-21 C 44688 AA 2.3 m3/d DOML 18 o f  L  4266 R 5  Coast
D is t  P lan  1329

Hawley, Edwin J .
Seymour Lake W U C

1964-08-21 F 20865 AA 2.3 m3/d DOML 12 o f  L  4266 R 5  Coast
D is t  P lan  1329

Doornbos,
Hendr ik/T.
Seymour Lake W U C

1964-08-2" F 20866 AA 2.3 m3/d DOML 13 o f  L  4265 R 5  Coast
Dis t  P lan  6913

Krausnig, Wal t raud
Seymour Lake W U C

1964-08-21 F 20867 AA 2.3 m3/d DOMBlk 4  o f  L  4266 R 5  Coast
D is t  P lan  2094

Kawerninski,  D r .
Michael
Seymour Lake W U 0

1964-08-21 F 20869 AA 2.3 m3/d DOML 1 o f  L  4266 R 5  Coast
D is t  P lan  1329 Exc P lan
4907

Moore, Kenneth
Seymour Lake W U C

1964-08-21 F 20870 AA 2.3 rn3/d DOML B o f  L  4266 R 5  Coast
D is t  P lan  6701

Rietmann, H a r r y  &
Sandra
Seymour Lake W U C

1964-08-21 C 29855 AA 2.3 m3/d DON L 3 o f  L  4266 R 5  Coast
Dis t  P lan  2094

Boonstra, J e r r y
Seymour Lake W U C

1964-08-21 C 44687 AA 2.3 m3/d DOML 17 o f  L  4266 R 5  Coast
D is t  P lan  1329

DeJong, Age
Seymour Lake W U C

1964-08-21 F 21528 AA 2.3 m3/d DOML 10 & 11 o f  L  4266 R 5
Coast D i s t  P lan  1329

Van Veldhu izen,
Marinus A .
Seymour Lake W U C

TABLE 5
WATER LICENCES ON SEYMOUR LAKE*

* From Water Management F i l e s ,  M i n i s t r y  o f  Environment
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PRIORITY
DATE

LICENCE
NUMBER

POINT OF
DIVERSION
(FIGURE 3 )

VOLUME USE LOCATION LICENCEE

1964-08-21 F 21531 AA 2 . 3  m 3 / d DOM L 1 3  o d  L  4 2 6 6  R  5  C o a s t
D i s t  P l a n  1 3 2 9

S t e w a r t ,  K e n n e t h
Seymour L a k e  W U C

1967-06-23 F 20872 AA 2.3  m3 /d DOM L 1 0  o f  L  4265  R  5  C o a s t
D i s t  P l a n  1 0 5 7

M i l l e r ,  A l l e n
Wayne
Seymour L a k e  W U C

1967-07-04 F 42181 AA 2 . 3  m d DOM L 1 3  o f  L  4266  R  5  C o a s t
D i s t  P l a n  4 9 0 7

Drummond, M r s .
Doro thy  A .

-Seymour L a k e  W U G-

1967-08-03 F 20871 AA 2.3  m3 /d DOM L A o f  L  4265  R  5  C o a s t
D i s t  E x  P l a n  6 9 1 3

M o s l e y,  W i l f r e d
B.& Doreen  H .
Seymour L a k e  W U C

1968-01-15 F 21612 AA 2 . 3  m3 /d DOM L o f  7  L  4266  R  5  C o a s t
D i s t  P l a n  1 3 2 9  Exc  P l a n
5897

Oud, P e t e r
Seymour L a k e  WUC

1968-01-15 F 21612 AA 2 .3  m3/d DOM L A  o f  L  4266  R  5  C o a s t
D i s t  P l a n  5 8 9 7

S a u t e r ,  D o n a l d  S .

1969-11-12 C 3 7 7 6 9 AA 2 .3  m 3 / d DOM L 1 o f  F r a c  S e c  1 8  TP 4  R  5
Coast D i s t  P l a n  5 9 1 7

P h i l l i p s ,  R o s a l i n d

1970-06-24 F 42180 AA 2 .3  m3 /d DOM L 1 2  o d  L  4265  R  5  C o a s t
D i s t  P l a n  1 0 5 7

Pederson,  C r a i g  &
Myrna
Seymour L a k e  W U C

1970-10-02 C 3 7 7 3 9 NN 2 . 3  m3 /d DOM L 4 5  o f  L  4264  R  5  C o a s t
D i s t  P l a n  1 0 5 7

Veenman G a r y  &
A l i c e

TABLE 5  ( C o n t i n u e d )



89

PRIORITY
DATE i

LICENCE
NUMBER

POINT OF
DIVERSION
(FIGURE 3 )

VOLUME USE LOCATION LICENCEE

1970-12-21 F 38577 AA 2 .3  m d DOM L 2  o f  L  4 2 6 6  R  5  C o a s t
D i s t  P l a n  1 3 2 9

K i l b a c k ,  L l o y d
Seymour L a k e  W U C

1970-12-30 F 40386 AA 2.3  m d DOM L A  o f  L  4266  R  5  C o a s t
D i s t  P l a n  6701

Benne t t ,  A l b e r t
E.
Seymour L a k e  W U C

..J
1972-06-07 C 40455 AA 2 .3  m 3 / d DOM L 1 o f  B l k  2  o f  L  4266  R  5

Coast D i s t  P l a n  6 5 5 5
Hearnden, S h i r l e y ,
Ter rance  G .
Seymour L a k e  W U C-

1975-08-25 C 48680 S3 2 .3  m3/d DOM L 3  o f  Sec  1 8  T P 4  R  5
Coast D i s t  P l a n  5 9 1 7

Madsen, O r l a

1975-08-25 C 4 8 8 2 2 R3 2 .3  m3 /d DOM L 6  o f  Sec  1 8  T P 4  R  5
Coast D i s t  P l a n  5 9 1 7

Hunt ,  E .

1976-05-20 C 47686 AA 2.3  m 3 / d DOM L 1 4  o f  L  4266  R  5  C o a s t
D i s t  P l a n  1 3 2 9

S t e w a r t ,  J o h n  C . .
Seymour L a k e  W U C

1979-09-05 C 55152 G4 2.3  m 3 / d DOM L 4 2  o f  L  4 2 6 4  R  5  C o a s t
Coast D i s t  P l a n  1 0 5 7

Dejong,  F o l k e r t j e d

1981-09-02 A3 2 . 3  m 3 t d DOM Frac NW 1 / 4  Sec  7  T P  4  R  5
Coast D i s t

Manton, J . N .

TABLE 5  ( C o n t i n u e d )
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PRIORITY
DATE

LICENCE
NUMBER

POINT OF
DIVERSION
(FIGURE 3 )

VOLUME USE LOCATION LICENCEE

1972-03-25 C 9855 K 23 d WWK** L 2 o f  L  252 R  5  Coast
D is t  P lan  5949

Lowe, Ronald,
& E la i ne

1972-04-13 C407588 N 2.3 m3 /d DOM L 3 o f  L  252 R  5  Coast
D is t  P lan  5949

Murdoch,
Gary &
El izabeth C.

1972-05-03 C 51653 BB 27 m 3  /d WWK L 1-12 I n c l  o f  L  794 R 5
Coast D i s t  P lan  6345

Hidber, J .  A .
& Lou ise  E .

1972-07-11 C 44560 V 27 m 3  /d IND Blk 2  o f  F rac  Sec 2  TP 4  R
5 Coast D i s t  P lan  3190

K i l p a t r a i c k ,
Bernard W. &
Frances R.

1973-11-05 C 43095 R 2.3 m3/d DOM L 1 o f  L252 R 5
Coast D i s t  P lan  5949

Haye, Jens  &
Joan

1974-06-28 C 45178 W 2.3 m3/d DOM L 3  o f  L  794 R  5 Coast
D is t  P lan  7352

Van Tine ,  G.
& Margaret M.

1979-07-31 C 53281 GO 2.3 m3/d DOM L 5  o f  Sec 36 TP 5  R 5
Coast D i s t  P lan  8647

Burger, R .  &
Carol J .

1981-09-28 C 54595 K 2.3 m ' i d DOM L 7 o f  Sec 36  TP 5  R 5
Coast D i s t  P lan  5233

Sandberg,
Sa l ly  A .

1981-04-30 JJ 2.3 m d DOM L 5 o f  L  794 R  5  Coast D i s t
Plan 7352

Campbell,
Joan J .

TABLE 6
WATER LICENCES ON TYHEE LAKE*

* F r o m  Water Management F i l e s ,  M i n i s t r y  o f  Environment
**  WWK =  Waterworks
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PRIORITY
DATE

LICENCE
NUMBER

POINT OF
DIVERSION
(FIGURE 4

VOLUME USE LOCATION LICENCEE

1966-06-211 C 3 1 7 7 8 H 36m3/d WWK L 1 o f  L  7 5 5  R  5  C o a s t  D i s t
Plan 4 1 8 8

K a r e l i s ,
N i k o l a j  C /
L i se

1974-11-19 C 4 3 6 9 1 8 K 2.3m3/d DOM L A  o f  L  766A R  5  C o a s t  D i s t
Plan 6 6 3 2

Mor tensen ,
E i l f  H .  &
Yo lana

1978-08-18 C 52599 W 4.5m3/d DOM L 7 8 2  R  5  C o a s t  D i s t  E x c  P l a n
6878

Van D e r
Meulen,

TABLE 7
WATER LICENCES ON ROUND LAKE*

* F rom Wa t e r  Management F i l e s ,  M i n i s t r y  o f  E n v i r o n m e n t



TABLE 8
PHOSPHORUS LOADING FROM SEPTIC TANKS AROUND KATHLYN LAKE

....

SOIL
TYPE

(from
Runka,
1972)

0-50 m ZONE 50-100 m ZONE >100m ZONE

# o f
Houses

Phosphorus
Transmission
Coeff ic ient

(%)*

Phosphorus
Loading

From Zone
(kg/yr)

# o f
Houses

Phosphorus
Transmission
Coeff ic ient

(%)*

Phosphorus
Loading

From Zone
(kg/yr)

# o f
Houses

Phosphorus
Transmission
Coeff ic ient

(%)*

Phosphorus
Loading from

zone
(kg/yr)

BA2
13** 5 3.5 6 2 0.6 11 1 0.6

Th:cd

BA2-M1
17 7 6.4 5 3 0.8 9 1.5 0.7

Th-Gm:cd

M2-SG2
16 15 12.9 3 7 1.1 6 4 1.3

Gm-FF:c

TOTALS 22.8 kg / y r 2.5 kg / y r 2.6 kg /y r

Total =  27.9 kg /y r
* F rom Wiens (1983b).
* *  Each house wil l  discharge an average o f  5.5 kg o f  phosphorus/year

in sept ic  e f f l uen t .
BA .  Bar re t t  so i l
Mi =  Mapes s o i l
M2 =  Morice so i l
SG2= Slug so i l



TABLE 9

KATHLYN LAKE SEYMOUR LAKE
PARAMETER

EPILIMNION
(0-2 m)

HYPOLIMNION
(4-10 m)

EPILIMNION
(0-2 m)

HYPOLIMNION
(4-7 m)

Physical Parameters
1) Temperature (°C) 18.0 (Max) 17.7 (Max) 18.4 (Max) 16.5 (Max)
2) Oxygen-Dissolved (mg/L) 4.0 (Min) 0.0 (Min) 3.5 (Min) 0.0 (Min)

General Ions
1) Spec i f ic  Conduct iv i ty

(us/cm)
5812.2 (n=4) 59±2.7 (n=5) 815 .3  (n=4) 8214.8 (n=5)

2) Tota l  Dissolved Sol ids
(mg/L)

47 # . 1  (n=4) 47 4 . 3  (n=5) 74 ±2.4 (n=4) 74 ±0.9 (n=5)

3) Hardness (mg/L) 23.7 (n=1) 23.0 (n=1) 44.4 (n=1) 42.5±0.78 (n=2)
4) Calcium -  Tota l  (mg/L) 7.2 (n=1) 6.9 (n=1) 10.2 (n=1) 10.0±0.4 (n=2)
5) Magnesium -  Dissolved

(mg/L)
1.4 (n=1) 1.4 (n=1) 4.6 (n=1) 4.25J0.07 (n=2)

6) Inorganic Carbon (mg/L) 5.0 (n=1) 6.0±1.4 (n=2) 8.0 (n=1) 1011.4 (n=2)
7) A l k a l i n i t y  (mg/L) 20 ±0.09 (n=2) 21 x . 7 1  (n=2) 37 (n=1) - -
8) pH ( r e l a t i v e  un i t s ) 7.0 (n=1) 7.2 m3.35 (n=2) 7.5 (n=1) 7.310.14 (n=2)

Water C la r i t y  and Colour
1) True Colour (T.C.U.) 13.317.6 (n=3) 16.715.8 (n=3) 50.0±10.0 (n=3) 45.015.8 (n=4)
2) Secchi Disc Depth (m) 2.710.8 (n=5) 1.8-±0.7 (n=6) - -
3) Tota l  Suspended Sol ids

(mg/L)
3.8 ±1.9 (n=4) 3.812.6 (n=5) 3.010.8 (n=4) 3.2±1.6 (n=5)

4) Tu rb id i t y  (N.T.U.) 3.1 (n=1) 3.910.7 (n=2) 1.6 (n=1) 2.8 41.35 (n=2)

Nutrients
1) Nitrogen-Ammonia (mg/L) 0.012±0.009 (n=4) 0.21810.32 (n=6) 0.012±0.01 (n=4) 0.18610.34 (n=6)
2) Nitrogen-Ni t ra te  (mg/L) <0.0210.0 (n=4) 0.02310.008(n=6) 0.02.10.0 (n=4) <0.0210.0 (n=6)
3) Nitrogen-Total (mg/L) 0.32710.06 (n=4) 0.64310.47 (n=6) 0.555+0.017 (n=4) 0.705.10.40 (n=6)
4) Phosphorus-Total (mg/L) 0.022 1).011(n=7) 0.030410.018(n=8) 0.031910.012(n=7) 0.0401-10.012 (n=7)
5) Phosphorus-Ortho (mg/L) 0.0035±0.0006(n=4) 0.003810.001(n=6) 0.00551J.003(n=4) 0.006310.002 (n=6)
6) Carbon-Organic (mg/L) 6.0 (n=1) 6.0±0.0 (n=2) 14.0 (n=1) - -

SUMMARY OF THE 1982 WATER QUALITY DATA FOR KATHLYN AND SEYMOUR LAKES

58.012.2 (n=4):  mean ±  standard deviation (n=samnlp c i7p ) ,



TABLE 10
SUMMARY OF THE 1982 WATER QUALITY DATA FOR ROUND AND TYHEE LAKES

PARAMETER
ROUND LAKE TYHEE LAKE

EPILIMNION
(0-5 m)

HYPOLIMNION
(8-20)m

EPILIMNION
(0-5 m)

HYPOLIMNION
(10-22)

Physical Parameters
1) Temperature ( ° C ) 17.2 (Max) 5.8 (Max) 17.0 (Max) 8.5 (Max)
2) Oxygen-Dissolved (mg/L) 2.9 (Min) 0.0 (Min) 4.0 (Min) 0.0 (Min)

General Ions
1) Specific Conductivity 232±8.3 (n=3) 244 ±5.5 (n=3+ 2261.71.5 (n=4) 28019.3 ( n = 3 )

( us/cm)
2) Total Dissolved Solids 163 ±13.6 (n=3) 164 ±7.6 (n=3) 176114.2 (n=3) 173 ±7.0 (n=3)

(mg/L)
3) Hardness (mg/L) 118 ( n = 1 ) 116 ( n = 1 ) 81 1 8 3  ( n = 2 ) 140 ( n = 1 )
4) Calcium-Total (mg/L) 31.1 ( n = 1 ) 30.9 ( n = 1 ) 36.4 14.6 (n=2) 39.4 ( n = 1 )
5) Magnesium-Dissolved(mg/L) 9.9 ( n = 1 ) 9.5 ( n = 1 ) 6.0 ±5.5 (n=2) 10.0 ( n = 1 )
6) Inorganic Carbon (mg/L) 31 15.6 (n=2) 3412.8 ( n = 2 ) 35 14.9 (n=2) 38±1.4 ( n = 2 )
7) Alkal ini ty  (mg/L) 118A8.1 (n-2) 123±.7.0 (n=2) 1315.9 (n=3) 138 14.04 (n=3)
8) pH (Relative Units) 8.0 10.99 (n=2) 7.5 10.4 ( n = 2 ) 7.6 11.0 (n=3) 7.610.3 ( n = 2 )

Water Clarity and Colour
1) True Colour (T.C.U.) 20.0 ±10.0 (n=3) 15.0 15.0 ( n = 3 ) 8.3±2.9 (n=3) 13.3 17.6 ( n = 3 )
2) Secchi Disc Depth (m) 2.7111.4 ( n = 5 ) - - 4.212.1 (n=5) - -
3) Total Suspended Solids 2.6 ±1.1 ( n = 3 ) 3.3 11.5 ( n = 3 ) 1.6i0.6 (n=3) 2.3 ±1.5 ( n = 2 )

(mg/L)
4) Turbidity (N.T.U.) 1.110.1 ( n = 2 ) 1.2 ±0.1 ( n = 2 ) 0.8 10.4 (n=3) 1.0±0.6 ( n = 2 )

Nutrients
1) Nitrogen-Ammonia (mg/L) 0.084.±.113(n=5) 0.58010.418 (n=4) 0.008+0.007 (n=5) 0.208 10.191 (n=5)
2) Nitrogen-Nitrate (mg/L) 0.034 10.031(n=5) 0.05±0.047 (n=4) 0.03810.033 (n=6) 0.062'10.08 (n=5)
3) Nitrogen-Total (mg/L) 0.816±0.164(n=5) 1.335 10.520 (n=4) 0.54214.0.057 (n=5) 0.862 10.418 (n=5)
4) Phosphorus-Total (mg/L) 0.053310.028(n=6) 0.24710.128 (n=6) 0.01810.006 (n=6) 0.090810.045(n=6)
5) Phosphorus-Ortho (mg/L) 0.02210.029(n=5) 0.15310.079 (n=4) 0.00610.004 (n=5) 0.04710.033 (n=5)
6) Carbon-Organic (mg/L) 10.6710.6 ( n = 3 ) 11.5 13.7 ( n = 3 ) 8.3 41.6 ( n = 3 ) 7.3 11.5 ( n = 3 )

Data from EQUIS
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METALS
(TOTAL)

KATHLYN
LAKE

SEYMOUR
LAKE

TYHEE*
LAKE

ROUND
LAKE

Cadmium ( u g / L ) <0.5 <0.5 <0 .5 * <0.5
Copper ( p g / L ) <1 <1 <1 * <1
Lead ( p g / L ) 3 5 2.5 4
N i c k e l  ( p g / L ) <10 <10 <10 * <10
Z inc  ( p g / L ) <5 <5 <5 * <5

DATE KATHLYN
LAKE

SEYMOUR
LAKE

ROUND
LAKE

TYHEE
LAKE

January  2 5 * * 10:1 23:1
May 1 4 16:1 19:1 11:1 29:1
June 9 21:1 23:1 16:1 21:1
J u l y  21 6:1 26:1 15:1 33:1
September 8 23:1 29:1 39:1 52:1
October  2 0 22:1 13:1 18:1 35:1

TABLE 11
SUMMARY OF METALS DATA I N  THE STUDY LAKES

* two  samp les  t a k e n
Data f r o m  EQUIS

TABLE 1 2
SUMMARY OF NITROGEN :  PHOSPHORUS WEIGHT RATIOS

FOR LAKE WATER I N  1 9 8 2

i n s u f f i c i e n t  d a t a
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SAMPLE
SIZE

AMMONIA
NITROGEN

(pg /L )

NITRATE-
NITROGEN

t u g / L )

TOTAL
NITROGEN

(pg /L )

ORTHO
PHOS-
PHORUS

TOTAL
PHOSPHORUS

(pg /L )
KATHLYN LAKE ( p g / L )

N.W. I n f l o w  11 3 1 0 3 5 1 8 L20 670 12 42
S.E. I n f l o w  11 3 1 0 3 7 2 975+304 1600±1300 3550±2050 1560±200 1980±525
W. I n f l o w  1 1 3 1 0 3 8 1 23 60 480 L3 26
E. I n f l o w  1 1 3 1 0 3 9 1 42 30 1220 37 58
N.E. I n f l o w  11 3 1 0 4 0 1 21 30 1160 10 89

SITE
DATE

(1982)
AMMONIA

( p g / L )
NITRATE

( p g / L )
TOTAL

NITROGEN
( p g / L )

ORTHO-
PHOSPHORUS

( p g / L )

TOTAL
PHOSPHORUS

(Lig/L)

N. I n f l o w  1 1 3 1 0 4 1
N.W. I n f l o w  11 3 1 0 4 2

N.W. I n f l o w  11 3 1 0 4 2

May 1 4
May 1 4

J u l y  21

L5
L5

2200

L20
L20

130

330
360

15000

L3
L3

3220

14
12

5100

TABLE 1 3
SUMMARY OF STREAM NUTRIENT DATA TO KATHLYN LAKE

Data f r o m  EQUIS

TABLE 1 4
SUMMARY OF STREAM NUTRIENT DATA TO SEYMOUR LAKE

Data f r o m  EQUIS
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SAMPLE
SIZE

AMMONIA
NITROGEN

(pg /L )

NITRATE
NITROGEN

(Pg/L)

TOTAL
NITROGEN

(Pg/L)

1
ORTHO

PHOSPHORUS
(pg /L )

TOTAL
PHOSPHORUS

( p g / L )

I n f l o w  S t r e a m s
1131048 +  1131064

West I n f l o w  # 1
1131065

West I n f l o w  # 2
1131066

28

1

1

5 ±0.5

8

6

21 ±  4

<20

<20

535 ± 11 6

740

540

5 ± 5

15

72

18 ±  8

89

107

SAMPLE
SIZE

AMMONIA
NITROGEN

( p g / L )

NITRATE
NITROGEN

( p g / L )

TOTAL
NITROGEN

( p g / L )

ORTHO
PHOSPHORUS

( p g / L )

TOTAL
PHOSPHORUS

( p g / L )

I n f l o w  # 2
1131049

1 17 1 6 7 0 2 6 6 0 11 98

West I n f l o w  # 1
1131065

1 49 1 3 5 0 3 0 0 0 15 840

West I n f l o w  # 2
1131066

1 15 30 1 0 5 0 14 660

TABLE 1 5
A SUMMARY OF INFLOW STREAM

NUTRIENT DATA FOR TYHEE LAKE

A. SAMPLING DATES: M a y  1 5 / 8 2  a n d  J u n e  7 / 8 2 .

x=23

B. SAMPLING DATES: J U L Y  2 1 ,  1 9 8 2

Data f r o m  EQUIS
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ROUND LAKE
SAMPLE

SIZE
AMMONIA
NITROGEN

(pg /L )

NITRATE
NITROGEN

( j i g /L )

TOTAL
NITROGEN

(pg /L )

ORTHO
PHOSPHORUS

(pg /L )

TOTAL
PHOSPHORUS

(pg /L )

N.E. I n f l o w  11 3 1 0 4 4
N. I n f l o w  1 1 3 1 0 4 5

2
2

9±7
8.5±5

30±14
25±7

810±311
575±176

51.5±45
6.5±2.1

80+64
38 .5±12 .0

P h y t o p l a n k t o n :
Growing Season

mean
( c e l l s / m L )

C h l o r o p h y l l  a :
Growing Season

mean
(pg /L )

To t a l  P
a t  S p r i n g
O v e r t u r n

(pg /L )

To t a l  N
a t  S p r i n g
O v e r t u r n

(pg /L )

Mean Summer
Secchi D i s c

Depth
(m)*

O l i g o t r o p h i c
M e s o t r o p h i c
E u t r o p h i c

<1000
1 0 0 0 - 5  0 0 0

>5 000

0-2
2-5
>5

1-10
10-20

>20

<100
100-500
500-1 0 0 0

>5.4
3.3-5.4
<3.3

K a t h l y n 2300±3040 (n=4) 5 20 420 3 .2±0 .3 (n=3)
Seymour 7950±6570 (n=4) 8.4 52 630 2 . 1 ± 0 . 7 (n=4)
Tyhee 610±530 (n=3) 4 20 570 4 . 2 ± 2 . 4 (n=4)
Round 19 370±29 7 0 0 (n=4) 15.5 70 570 2 . 4 ± 1 . 5 (n=4)

TABLE 1 6
SUMMARY OF STREAM NUTRIENT DATA TO ROUND LAKE

Data f r o m  EQUIS

TABLE 1 7
TYPICAL RANGES OF PHYTOPLANKTON AND NUTRIENT PARAMETERS

FOR DIFFERENT TROPHIC LEVELS AND THE STUDY LAKES

* P r e d i c t e d  f r o m  N o r d i n  a n d  McKean ( 1 9 8 4 )
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TABLE 1 8

NUISANCE ALGAE I N  THE STUDY LAKES

ROUND LAKE

Aphanizomenon f l o s - a q u a e

M i c r o c y s t i s  a e r u g i n o s a

Ta s t e  a n d  o d o u r s ,  a n d  f i l t e r  c l o g -
g i n g .
To x i c ,  t a s t e  a n d  o d o u r s ,  a e s t h e t i c
nu i sance .

SEYMOUR LAKE

Anabaena p l a n k t o n i c a

Aphanizomenon f l o s - a q u a e

Tas te  a n d  o d o u r s ,  a e s t h e t i c  n u i s a n c e

Ta s t e  a n d  o d o u r s ,  t o x i c ,  a e s t h e t i c
nu isance

KATHLYN LAKE

Aphanizomenon f l o s - a q u a e Tas te  a n d  o d o u r s ,  t o x i c ,  a e s t h e t i c
nu i sance .

TYHEE LAKE

No n u i s a n c e  a l g a e  f o u n d  i n  1 9 8 2 .

From P a l m e r,  1 9 6 2
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PARAMETER

RECOMMENDED
WATER

QUALITY
STANDARDS

RECOMMENDED
WATER

QUALITY
OBJECTIVES

AGENCY THAT
SET THE

STANDARDS
AND

OBJECTIVES

P h y s i c a l  P a r a m e t e r s
1) Te m p e r a t u r e  ( ° C ) 15 c15* B.C. H e a l t h  ( 8 2 )
2) Oxygen- D i s s o l v e d  ( m g / L ) 3 - SSPA, WQMO

Genera l  I o n s
1) S p e c i f i c  C o n d u c t i v i t y  (11s/cm) - - -
2) T o t a l  D i s s o l v e d  S o l i d s  ( m g / L ) 500 - B.C. H e a l t h  ( 8 2 )
3) H a r d n e s s  ( m g / L ) * *
4) C a r b o n - I n o r g a n i c  ( m g / L ) - - -
5) A l k a l i n i t y  ( m g / L ) - - -
6) p H  ( R e l a t i v e  U n i t s ) 6 . 5 - 8 . 5 - B.C. H e a l t h  ( 8 2 )

Water C l a r i t y  a n d  C o l o u r
1) T r u e  C o l o u r  ( T. C . U . ) 15 515 B.C. H e a l t h  ( 8 2 )
2) S e c c h i  D i s c  D e p t h  ( m e t r e s ) - - -
3) T o t a l  Suspended S o l i d s  ( m g / L ) - - -
14} T u r b i d i t y  ( N . T. U . ) 5 _.1 B.C. H e a l t h  ( 8 2 )

N u t r i e n t s
1) O r t h o - P h o s p h o r u s  ( m g / L ) - 0.065 B.C. H e a l t h  ( 6 9 )
2) Ammonia- N i t r o g e n  ( m g / L ) - 0.500 B.C. H e a l t h  ( 6 9 )
3) N i t r o g e n - N i t r a t e  ( m g / L ) 10 5_0.001 B.C. H e a l t h  ( 8 2 )

TABLE 1 9

SUMMARY OF RECOMMENDED WATER QUALITY STANDARDS AND OBJECTIVES

FOR DOMESTIC DRINKING WATER

*  <  d e n o t e s  l e s s  t h a n  o r  e q u a l  t o

* *  8 0 - 1 0 0  g o o d ;  >  2 0 0  p o o r ;  > 5 0 0  u n a c c e p t a b l e  ( B . C .  H e a l t h )

NOTES:

SSPA: S c i e n t i f i c  S t r e a m  P o l l u t i o n  A n a l y s i s ,  Nemerow,  1 9 7 4 .

WQMO: G u i d e l i n e s  a n d  C r i t e r i a  f o r  Wa t e r  Q u a l i t y  Management i n  O n t a r i o ,  1 9 7 9

B.C. H e a l t h :  M i n i s t r y  o f  H e a l t h ,  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  Q u a l i t y

Standard  1 9 6 9  a n d  1 9 8 2 .
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TABLE 2 0

K a t h l y n 30 -  5 5 200 -  3 5 0
Round 30 -  5 5 200 -  3 5 0
Tyhee 25 -  4 5 150 -  3 0 0

NUMBER OF NEW HOMES PERMITTED I N  KATHLYN, ROUND AND
TYHEE LAKE WATERSHEDS

LAKE SEPTIC TANK SEWER
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APPENDIX 1 :
TYHEE LAKE INFLOWS AND OUTFLOW WATER QUALITY SITES

( b r a c k e t s  i n d i c a t e  d i a m e t e r  o f  c u l v e r t s )

1131047 O u t f l o w  -  a t  H ighway  1 6  a n d  Ty h e e  L k .  R d .  ( 2 4 " ) .

1131048 E a s t  I n f l o w  # 1  -  S e c t i o n  2 5 ,  N E  q u a d r a n t  a t  Ty h e e  L k .  R d .  ( 1 8 " ) .

1131049 E a s t  I n f l o w  # 2  -  S e c t i o n  3 6 ,  S E  q u a d r a n t  a t  Ty h e e  L k .  R d .  b e t w e e n
Lockwood R d .  a n d  H i s l o p  R d .  ( 1 8 " ) .

1131050 E a s t  I n f l o w  # 3  -  S e c t i o n  3 6 ,  N E  q u a d r a n t .  T y h e e  L k .  R d .  a t  L o t  1 .
( 2 4 " ) .

1131051 E a s t  I n f l o w  # 4  -  S e c t i o n  3 6 ,  N E  q u a d r a n t .  T y h e e  L k .  R d .  a t  L o t  2 .
(18").

1131052 E a s t  I n f l o w  # 5  -  S e c t i o n  3 6 ,  N E  q u a d r a n t .  T y h e e  L k .  R d .  a t
boundary o f  L o t  3 .  ( 1 8 " ) .

1131053 E a s t  I n f l o w  # 6  -  S e c t i o n  3 6 ,  N E  q u a d r a n t .  T y h e e  L k .  R d .  a t
boundary o f  L o t s  3  a n d  4 .  ( 1 8 " ) .

1131054 E a s t  I n f l o w  # 7  -  S e c t i o n  3 6 ,  N E  q u a d r a n t .  T y h e e  L k .  R d .  a t  L o t  4 .
(18").

1131055 E a s t  I n f l o w  # 8  -  S e c t i o n  3 6 ,  N E  q u a d r a n t .  T y h e e  L k .  R d .  a t  L o t  6 .
(18").

1131056 E a s t  I n f l o w  # 9  -  S e c t i o n  1 ,  s o u t h e r n -mos t  c u l v e r t .  ( 1 5 " ) .

1131057 E a s t  I n f l o w  # 1 0  -  S e c t i o n  1 ,  V i c t o r  C k .  s o u t h  o f  g r e e n  house  o n  e a s t
s i d e  o f  Ty h e e  L k .  R d .  ( 3 0 " ) .

1131058 E a s t  I n f l o w  # 11  -  L .  2 5 2  a t  Ty h e e  L k .  R d .  N .  o f  P e n n e r  R d .  ( 1 5 " ) .

1131059 E a s t  I n f l o w  # 1 2  -  L .  7 9 4 .  T y h e e  L k .  R d .  a t  H i d b e r  R d .  ( 3 0 " ) .

1131060 E a s t  I n f l o w  # 1 3  -  L .  7 9 4 ,  P l a n  1 5 4 3  ( y e l l o w  a n d  r e d  h o u s e )  o n  Tyhee
Lk. R d .  ( 3 0 " ) .

1131061 E a s t  I n f l o w  # 1 4  -  L .  7 9 4 ,  P l a n  1 5 4 3 .  N e x t  c u l v e r t  n o r t h  o f  11 3 1 0 6 0
on F i s h e r  R d .

1131062 NE I n f l o w .  L .  7 9 4 A a t  F i s h e r  R d .

1131063 N o r t h  I n f l o w .  L .  7 9 4 A a t  F i s h e r  R d .

1131064 NW I n f l o w .  L .  7 9 4 A a t  F i s h e r  R d .
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1131065 W e s t  I n f l o w  # 1  -  F i r s t  c u l v e r t  s o u t h  o f  i n t e r s e c t i o n  o f  F i s h e r  R d .
and Te l k w a  H i g h  R d .  o n  Te l k w a  H i g h  R d .

1131066 W e s t  I n f l o w  # 2  -  S e c t i o n  2 .  C u l v e r t  i m m e d i a t e l y  n o r t h  o f  s e a p l a n e
base R d .  o n  Te l k w a  H i g h  R d .


