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RESUME 

Un bilan de substances nutrives a 6 t h  e ' tabl i  pour le  lac Kootenay  en 
Colombie-britannique pour l a  p6ri.ode a l l a n t  du mois d 'ao i j t  1974 au mois 
d'aofrt 1975. Les substances nutritives 6tudie'es comprenaient le  phosphore 
t o t a l ,  l e  phosphore dissous e t  l e s  nitrates/nitrites. 

Le phosphore et  les  nitrates/nitrites dans le  lac Kootenay proviennent tous 
deux principalement de l a  rivi&-e Kootenay.  Les apports au lac  surviennent 
surtout durant l a  crue printanni&e. Le dgversement d'eau des barrages de 
Duncan e t  de Libby d u r a n t  l a  p6riode en dehors  des crues fa i t   dka ler   l e  
patron de apports aux stations de Duncan e t  de l a  rivisre Kootenay. 

Durant les mois d'hiver,  les concentrations de substances nutritives e t  les 
, apports journaliers 'a l a  sortie du lac  o n t  augment&.  Les apports maximum de 

substances nutritives sont survenus durant l a  crue alors que les dgversements 
maximum du l ac  sont survenus .durant 1 'hiver. Ainsi , 1 'opgration des barrages 
de Duncan e t  de Libby a permis  de r6partir l a  charge de substances nutritives 
durant des periodes de l'annhe o'u l 'ut i l isation des substances nutritives 
e ta i t  plus faible. 

Les estimations de l'apport annuel en  phosphore t o t a l ,  en  phosphore dissous 
e t  en nitrates/nitrites au l ac  sont respectivement 789 a 14, 285 * 54, e t  
1963 f 343 tonnes ( k g  x 10 ) .  L'impr6cision des estimations des apports 
fournis des estimations relativement mridiocres du montant de matisre  retenue 
dans l e  lac  durant l a  pe'riode d'gtude. Les estimations de l a  retention dans 
1 e l a c  sont 156 f 191 (kg  x 10 ) en  ce q u i  concerne le  phosphore t o t a l  e t  
210 f 460 (kg  x 10 ) en ce q u i  a t r a i t  aux n i  trates/nitri  tes. ,Le montant de 
phosphate dissous 6mis 'a l'ext6rieur du lac  6 t a i t  94 * 142 ( k g  x 10 ) plus 
grand  que les charges d'entre'e estimges. 
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’ ABSTRACT 

A nutrient budget for Kootenay Lake in British Columbia i s  established  for 
the, period from  August 1974 t o  August 1975. Those nutrients studied were 
t o t a l  phosphorus, dissolved phosphorus and nitrate plus ni t r i te .  

The  dominant source of b o t h  phosphorus and nitrate plus ni t r i te  t o  Kootenay 
Lake i s  the Kootenay River. Loadings to  the  lake occur  predominantly during 
the freshet period. The discharge of water-from Duncan and Libby Dams during 
the non-freshet period shifts the loading pattern a t  the Duncan and Kootenay 
River stations. 

During the winter months the,nutrient concentrations .and daily loadings in 
the  lake  discharge  increased. The peak inputs of nutrients occured during 
freshet while the highest  outputs .from the  lake occurred during winter. In 
1 ight of th is ,  the effect of operation of the Duncan and Libby Dams  was t o  
spread the nutrient load t o  periods o f  the year when nutrient  utilization was 
n o t  as great. 

Estimates of annual loading t o  the  lake of t o t a l  phosphorus, dissolved phos- 
phorus, and nitrate plus nitrite  are, 789 f 14,  285 k 54, and 1963 f 343 
tonnes (kg  x 10 ) respectively. Imprecision of the estimates of the  loadings 
provides relatively poor estimates of the amount of material  retained in the 
lake over the study period. Estimates of the retention within  the lake are, 
156 f 191 ( k g  x 103) for t o t a l  phosphorus, and 210 ? 467 ( k g  x lo3) for 
nitrate plus ni t r i te .  Dissolved  phosphate transported o u t  of the  lake was 
94 k 142 ( k g  >I: 10 ) greater t h a n  the estimated inputs. 
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INTRODUCTION 

I n   p u r s u i n g   t h e   r e s p o n s i b i l i t y  o f  the  Water Q u a l i t y  Branch  i ,n  monitoring 

the  nlovement o f  waterborne  mater ia ls   across  the  in ternat ional   boundary a 

s tudy   o f   the   wes tern   por t ion   o f   the   Kootenay   R iver  Basi.n was i n i t i a t e d .  

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

Lake  (see  Figure 1 ) .  

An examina t ion   o f   pas t   da ta  and a p re l im ina ry   su rvey   o f   t he   a rea   i nd i ca ted  

t h a t   e s t a b l i s h i n g   t h e   l e v e l   o f   i n p u t s   o f   p r i m a r y   n u t r i e n t s  was o f   m a j o r  
impor tance .   The re fo re ,   t he   ob jec t i ve   de f i ned   f o r   t k i s   s tudy  was t o   e s t i -  

mate t h e   n u t r i e n t   l o a d i n g s   t o   t h e   l a k e , . t h e   r e l a t i v e   c o n t r i b u t i o n s   f r o m  
the  surrounding  watersheds, and t h e  amounts l e a v i n g   t h e   l a k e .   T h i s   r e p o r t  
i s  concerned  w, i th   the   t ranspor t   and  concent ra t ion   o f   a lga l   nu t r ien ts ,  
n i t r o g e n   a s   n i t r a t e   o r   n i t r i t e  and phosphorus  both  to ta l   and  d isso lved  dur-  

i n g   t h e   p e r i o d   f r o m   J u l y  1974 t o   J u l y  1975.  Emphasis was p laced on es t imat -  
i ng   con f idence   l eve l s   ass igned   to   t he   nu t r i en t   budge t  so t h a t   t r e n d s   i n  

f u t u r e   y e a r s   m i g h t  be conf i rmed. 

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

po r t i on   o f   t he   bas in   under   i nves t i ga t i on ,   t he   con t r i bu t i ons   o f   phosphorus  

f rom  the Cominco F e r t i l i z e r   P l a n t   a t   K i m b e r l e y   i n   t h e   E a s t  Kootenay,  and 

t h e   e f f e c t   o f   t h e   L i b b y  impoundment i n  Montana  (Lake  Koocanusa)  where t h e  
n a t u r a l   f l o w   p a t t e r n   o f   t h e   K o o t e n a i   R i v e r   i s   a l t e r e d   b y   t h e   o p e r a t i o n   o f  

the   L ibby  Dam. 

To avoid  confus ion,  i t  i s  mos t   impor tan t ,   t o   es tab l i sh   t he   work ing   de f i n i -  
t i o n s   o f  a few  terms  used i n   t h i s   r e p o r t .  A " l o a d i n g "   r e f e r s   t o   t h e  amount 

o f  a n u t r i e n t   w h i c h   i s   t r a n s p o r t e d   p a s t  a p a r t i c u l a r .   s t a t i o n .  Such a load-  

i n g  may be expressed as   an   annua l ,   month ly ,   o r   da i l y   f igure .   "Nut r ien t  

b u d g e t "   r e f e r s   t o   t h e  amount o f  a n u t r i e n t   c o n t r i b u t e d   b y   t h e   i n p u t   s o u r c e s  
balanced  against   the amount which i s  d ischarged  f rom  the  lake.  
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STUDY AREA 

Kootenay  Lake i a  a f j o rd - t ype   l ake ,   l oca ted   i n   sou theas te rn   B r i . t i sh   Co lumb ia  

w i t h  a s u r f a c e   e l e v a t i c n  of 532 m (1,745 f t . )  above sea l e v e l .   I t s - m a j o r  

a x i s  has a n o r t h - s o u t h   d i r e c t i o n   w i t h  a maximum l e n g t h   o f  109.7 km (-69.2 

m i l e s )   w i t h  an area o f  406.5 km (157 square  miles)  (Environment Canada, 

1973)  and a maximum depth  of  150  meters. 

2 

Ma jo r   con t r i bu t i ons   t o   t h i s   l ake   a re   p rov ided   by   t he   Koo tenay   R ive r   (annua l  
d ischarge - 15.5 x 10 m ) i n   t h e   s o u t h  and t h e  Duncan River  (4.7 x 10 m , 
i n c l u d i n g   t h e   L a r d e a u   R i v e r )   i n   t h e   n o r t h .  The remaining  input  (approxirnate- 

l y  4.3 x 10 m ) i s  prov ided  by numerous s m a l l e r   r i v e r s  and c reeks   d ra in ing  
the  mountain  slopes  immediately  east and west o f   t h e   l a k e  and  feed ing   d i rec t -  
l y  t o  it, i n c l u d i n g   p r e c i p i t a t i o n   f a l l i n g   d i r e c t l y   i n t o   t h e   l a k e .  

9 3   9 3  

9 3  

Impoundments  on t h e  Duncan R iver ,  above i t s   c o n f l u e n c e   w i t h   t h e   L a r d e a u   R i v e r ,  
and  on t h e   K o o t e n a i   R i v e r   a t   L i b b y   i n  Montana  serve t o   r e g u l a t e   f l o w   f o r   t h e  

purposes o f  power genera t ion  and f l o o d   c o n t r o l .  These  impoundments  have d i s -  
t u rbed   t he   na tu ra l   f l ow   reg ime   w i th in   t he   reg ion  and a l so   t he   assoc ia ted  

n u t r i e n t   d i s t r i b u t i o n .  

Under  an I n t e r n a t i o n a l   J o i n t  Commission  Order  (1938)  the  level  of  Kootenay 

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

the  purpose  o f   generat . ing power downstream o f   t h e   l a k e   b y  West Kootenay Power 
and L i g h t  Company. Corra  L inn Dam, on the  Kootenay  River  below  the City o f  
Ne1 son , c o n t r o l  s l e v e l  s o f  Kootenay  Lake. 

SAf,lPL ING S I T E  SELECTION 

S ta t i ons  were se lec ted   c lose  enough t o   t h e   l a k e   t o   e n s u r e   t h a t   a l l   t h e   i n p u t  

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

wh ich   wou ld   c lose ly   approx imate   the   d ischarge  a t   the   water   qua l i t y   sapp l ing  

s t a t i o n  was a lso  cons idered.  
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The locat ions  o f   sampl ing  s ta t i .ons  are shown i n  F igu re  1. All o f   t h e  

major tributaries and the  out f low  o f   the  lake  [Fraser   Narrows)   immedi ,a te ly  

west o f   B a l f o u r  were  sampled.  Although  thi,s  section o f  water i s  f r e q u e n t l y  

r e f e r r e d   t o   a s   t h e  West A r m  o f  Kootenay  Lake, i t s   c b a r a c t e r i . s t i c s   s u p p o r t  

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

the   sec t i on .  'The s p e c i f i c   l o c a t i o n   o f   t h i s   s t a t i o n  was above the  urban 
development  (hence  urban  runoff)   a long  the  north  shore  f rom  Bal four  to 

Nelson. The sect ion  chosen  a t   Fraser   Narrows  a lso had the  advantages o f  
be ing   re la t i ve l y   na r row and wel l   mixed. Samples were c o l l e c t e d   a t   t h r e e  

p o i n t s  on a t ransect ion  across  the  narrows.  

With  regard  to  the  main  input  to  Kootenay  Lake  by  the  Kootenay  River,  north 

o f  Creston,  both  the  East and West Channels o f   t h e   r i v e r   c l o s e   t o   t h e   l a k e  

were  sampled t o   i n c l u d e   i n p u t s   f r o m   t h e   d u c k   h a b i t a t   i m m e d i a t e l y   s o u t h   o f  
t he   l ake .   S ince   t he   r i ve r   d i v ides   app rox ima te l y   f i ve   m i les   ups t ream  o f   t he  
l a k e ,   p o s s i b l e   d i f f e r e n c e s   i n   t h e   w a t e r   q u a l i t y   c o u l d   r e s u l t  from l o c a l  

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

lands i n  the  Creston  Val ley,   sampl ing was also  conducted a t  a s t a t i o n   n e a r  

the  U.S. Border. ( P o r t h i l l ) .  

The r e m a i n i n g   r i v e r s  and streams  were n o t  gauged  and nu t r i en t   samp l ing  was 

done on  Only a few (Hamil l ,   Coffee, Sanca, Crawford  and  Kaslo). These 
streams,  although  minor when c o n s i d e r e d   i n d i v i d u a l l y ,   i n   t o t a l   a c c o u n t   f o r  
18% o f   t h e   t o t a l   d i s c h a r g e   t o   t h e   l a k e .  The approx imat ion   o f   d ischarge was 

necessa ry   t o   ac :coun t   f o r   t he   i npu t   o f   add i t i ona l   nu t r i en t   ma te r ia l ,   f r om 
these  drainage  areas. 

PARAMETER SELECTION 

The presence  o f   h igh   concent ra t ions   o f   p r imary   nu t r ien ts 'over  a susta ined 

per iod  o f   t ime may r e s u l t   i n   a c c e l e r a t e d   e u t r o p h i c a t i o n   o f   t h e   l a k e .  Such 
a cond i t i on   cou ld   a f fec t   t he   use   o f   t he   wa te rs   o f   Koo tenay   Lake   f o r   rec rea -  

t i o n  and poss ib l y  damage the  economy o f   t he   a rea .  The rep resen ta t i ve  

parameters  were  selected on t h e   b a s i s   o f   t h e i r   r e l e v a n c e   a s   a l g a l   n u t r i e n t s .  
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F o r   t h e   p u r p o s e   o f   t h i s   s t u d y ,   e s t i m a t e s   o f   n i . t r o g e n   l o a d i n g s   w e r e  based 

on t h e   c o n c e n t r a t i o n   o f   n i t r a t e   p l u s   n i t r i t e  (NO3+  NO2).. The t o t a l  amount 

o f  phosphorus  which a samp le   con ta i .ns   re f l ec ts   t he  maximum amount o f  phos- 
p h o r u s   w h i c h   c o u l d   p o t e n t i a l l y  be a v a i l a b l e  t o  algae. The di.ssolved  phos- 

p h o r u s   t o  a c e r t a i n   d e g r e e   r e f l e c t s ' t h e  amount o f  phosphorus  which i s  

r e a d i l y   a v a i l a b l e .  The d i f fe rence  be tween  to ta l   phosphorus  and d i s s o l v e d  

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

METHODS 

1. DATA COLLECTION, 

1.1  Sample C o l l e c t i o n  

Samples  were c o l l e c t e d  a t  a s e r i e s  o f  s t a t i o n s  on wa te r   en te r ing ,  and 

leaving  Kootenay  Lake. These s t a t i o n s   a r e   i d e n t i f i e d  on Figure   1 .  

A t  each s t a t i o n   a t   l e a s t , o n e   s e t   o f   r e p l i c a t e d  samples, c o n g i s t i n g   o f  

s i x   t o t a l  phosphorus ,   th ree   d isso lved  phosphorus ,   and  s ix   n i t ra te   p lus  

n i t r i t e  samples,  were c o l l e c t e d   d u r i n g   e a c h   v i s i t .  The r e p l i c a t e  
samples i n  each s e t  were c o l l e c t e d   s i m u l t a n e o u s l y .  Two po in ts   were  

sampled a t  each o f   t h e   e a s t  and  west  channel   stat ions  of   the  Kootenay 
R i v e r  where i t  enters   the   Lake.  

1.2 Total  Phosphorus 

Sets o f  s . i x   r e p l i c a t e  samples  were c o l l e c t e d   i n t o  50 m l  g l a s s   b o t t l e s  
u s i n g   t h e  IWD Replicate  Sampler  (Oguss  and  Erlebach,  1976).  These 

were t h e n   r e t u r n e d   t o   t h e  Water Q u a l i t y   B r a n c h   l a b o r a t o r y   i n   N o r t h  
Vancouver f o r   d e t e r m i n a t i o n  o f  to ta l   phosphorus   us ing   Techn icon AA I 1  

methodology  (Environment Canada , 1974;  Technicon  AutoAnalyzer  Method- 

o logy  1972) .  

1.3 Dissolved  Phosphorus 

S e t s   o f   t h r e e  samples  .were c o l l e c t e d   u s i n g . t h e  IWD Repl icate  Sampler  

and f i l t e r e d   i n   t h e   f i e l d   t h r o u g h  a f i l t e r  (prewashed w i t h   d e i o n i z e d  
water)   hav ing a mean p o r e   s i z e   o f  0.45pm.  The f i l t r a t e  was c o l l e c t e d  



6 

i n t o  50 m l  g l a s s   b o t t l e s  and r e t u r n e d   t o   t h e   l a b o r a t o r y   f o r   d e t e r m i n a -  

t i o n  of t o t a l  phosphorus  content  [Environment Canada, 1974; Technicon 

Auto  Analyzer I 1  Methodology, 1971 1. 

1 . 4   N i t r a t e  + N i t r i t e  

Sets o f   s i x   r e p l i c a t e  samples  were c o l l e c t e d   a t  each p o i n t   f o r   a l l  

s ta t i ons ,   s to red   under   i ce  and r e t u r n e d   t o   t h e   l a b o r a t o r y   f o r   a n a l y s i s  

(Environment Canada, 1974; Technicon  Auto  Analyzer I 1  Methodology, 
1972). 

1.5  Fie1 d f4easurements 

A t  most   s ta t ions  a 2 - l i t e r  sample was c o l l e c t e d .  The temperature, pH 

and c o n d u c t i v i t y  were  determined  immediately i n   t h e   f i e l d ,  and the  
sample r e t u r n e d   t o   t h e   l a b o r a t o r y   f o r   m a j o r   i o n   a n a l y s i s .  These da ta  

a re   ava i l ab le   f rom NAQUADAT, t h e   I n l a n d   W a t e r s   D i r e c t o r a t e   d a t a   f i l e  

on w a t e r   q u a l i t y .  

1.6  Flow  Measurements 

Discharge  data  were  obtained  f rom Water Survey o f  Canada f o r   t h e  
f o l l o w i n g   l o c a t i o n s :  Goat River,   Lardeau  River,  Duncan R ive r  and a t  
Corra  L inn Dam s i te   ( fo r   F raser   Nar rows) .   Add i t iona l   f low  da ta   were  

made a v a i l a b l e  by   the   Un i ted   S ta tes   Geo log ica l   Survey   (Por th i l l ) .  
Data  from  other  stat ions  and  groups o f  s t a t i o n s  were  estimated  based 

on the   ava i lab le   da ta   (see  2.4, e s t i m a t i n g   f l o w   a t  ungauged s t a t i o n s ) .  

2. DATA ANALYSIS 

2.1 Load Ca lcu la t i ons  

Da i ly   loads   as  shown i n   F i g u r e s  2 - 12 a r e   t h e   p r o d u c t   o f   d a i l y  mean 
discharges and e s t i m a t e s   o f  mean dai ly   concentrat ion.   S ince  concen-  

t r a t i o n   d a t a  were c o l l e c t e d   i n t e r m i t t e n t l y ,  i t  was necessary t o   c a l -  

c u l a t e  a concent ra t ion   fo r  each  unsampled  day. Th is  was done by 
s i m p l e   l i n e a r   i n t e r p o l a t i o n  between  dates  which had been  sampled. 

T h i s   l i n e a r   i n t e r p o l a t i o n   i s   l i k e l y   t o  produce a poor  approximation 

\ 
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o f   t he   concen t ra t i on  changes during  the  i .nterva1  between  sampling 

t imes. The unwarranted  assumpti.on t h a t   t h e r e   a r e  no substant i ,a l  

dev ia t i ons   f rom  the   l i nea r  relationship n e g a t e s   t h e   v a l i d i t y   o f  

e s t i m a t e s   f o r   l o a d i n g   c a l c u l a t i o n s  based on i .n terpolated  va lues.  

I n   o rde r   t o   ca l cu la te   annua l   l oad ing ,  i t  was necessary t o  use a more 
r igorous   ana lys is .  

The annual  load ( L )  i s :  L = c' x IF, 
where i s   t h e  mean concent ra t ion  and Fi i s   t h e  mean d a i l y   d i s c h a r g e  
on  day i. 

I f  discharge and concentrat ion  are  independent  then  the  var iance 

assoc ia ted   w i th   t he   l oad  (V,) should f i t the  model: 

Where V; and V z r  and the   va r iances   assoc ia ted   w i th  mean concentra- 

t i o n s  and annual   d ischarge  respect ive ly .  
i 

Dai ly   d ischarge  data  obta ined  f rom Water Survey o f  Canada i s  assumed 

t o  have a 5% e r r o r . '   E s t i m a t e s   o f ' t h e   v a r i a n c e  o f  t o t a l   d i s c h a r g e  were 

obtained  by:  

Der i va t i on   o f   t he   va r iance   o f   annua l  mean c o n c e n t r a t i o n   i s  based  on  an 

ana lys i s   o f   va r iance  (ANOVA). 
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MODEL DEGREES OF MEAN  EXPECTED 
SOURCE FREEDOM SQUARE MEAN SQUARE 

GROUPS* G- 1 
"i en 

G-1 

REPLICATES zn -G 2 ( ccc - c . cn 

en - G i 

*(GROUPS INCLUDES BOTH SACIPLING TIMES AND SITES AT A STATION) 

2 en: 
n =  I 

0 '"i - ET i 
G-1 

The mean concen t ra t i on  ( E )  i s   c a l c u l a t e d   b y :  

- ccc c = -  
zn 

and the   var iance o f  t h e  mean concen t ra t i on  V c  i s :  

2 cni2 v c = a  x 2 1  
9 (cni)2 

+ 6 r  x -  
"i 

The 95% conf idence limit about a l o a d   i s :  

CL = t t* q" 

2 2 
o g  

a r + n 8  

2 
'r 
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Where t* .is the  weighted  average of t values for  degrees of freedom 
for  concentration  measurements and discharge as: 

In certain  situations it is  necessary to estimate  net or total  loadings 
by difference  or  summation. In these  cases  the  confidence  limits 
associated  with  the load  have  been  estimated  by: 

CL est = ~(cL~)' 

This analysis is  entirely  dependent  upon  the  lack of covariance between 
concentration and discharge. As such it  is a good  model in situations 
where  discharge  patterns  are  altered or materials are introduced  to  the 
system  through  mechanisms  independent of discharge. 

Mean  concentrations  for  the  study  period  with  their  variances are 
included  'as  appendex I .  Also  given in the  appendix are the  number of 
actual  measurements  made  and  the  total  number of replicate  samples 
involved in estimating  and V c .  

For  the  purpose o f  calculating c' and VC the  data  from  Kaslo  River, 
Hamill Creek, and Coffee  Creek  were  combined and considered  to be 
representative of all  northern  ungauged  tributaries.  Similarly  this 
data  from  Sanca  and  Coffee  Creeks  were  combined  to  represent  the  south- 

' ern  tri bu tar i es . 
2.2 Daily Net Loadings 

Net loadings on a  daily basis are  the  difference  between  inputs  and 
outputs.  When  the  outputs  exceed  the  inputs,  negative  values are ob- 
tained. This type of data  evaluation  is  used  for  graphic  purpose, 
since it reflects  patterns of loadings to  and  from the system  under 
consideration. 
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2 . 3  Calculati.on of Flows a t  Ungauged Stations 

2.3.l  East and  West Channel - Kootenay River 

The available supply of water t o  the two channels which enter 
Kootenay Lake  was determined as  the sum of the measured flows 
a t   P o r t h i l l  and the Goat River, assuming no s ignif icant  ground- 
water  inflow. On the  basis of historical  records made available 
by Water Survey of Canada', and some metering of flows  during 
Augu!;t ,  1975, a division of the  input flow between the two 
channels was approximated. During the low flow conditions the 
East Channel carried  only 2% of the  discharge  to  the  lake. Dur- 
i n g  the  greatest  portion o f  the  year, combined flows were main- 
tained a t  a re lat ively high  flow (greater  than-600 m /sec)  d u r i n g  
w h i c h  time the East Channel carried  approximately 13% of the flow. 
I t  was decided t o  -use the 13:87 s p l i t  o f  the  input flow for   the 
for  the  calculation o f  daily  loads. The resu l t  of this was an 
overestimate of the annual loading of nutrients  in  the East 
Channel and a similar  underestimate of loadings  in  the West 
Channel.  This dispar i ty  of esitmates should be l e s s  than 5% on 
the annual loads.  This  estimate  could be improved in  the  future,  
if  necessary, by additional measurements of the  discharge i n  the 
two channels a t  a variety of stages. 

3 

2.3.2 Northern and Southern Tributary  Basins 

The 30-year  annual mean precipitation  records of Environment 
Canada . .  (1973)  indicate t h a t  the  northern  portion of the Kootenay 
Lake Drainage  Basin is   characterized by higher annual mean precip- 
i t a t i on  than  the  southern  portion  of  the  basin. The boundaries 
of these  sub-basins were delineated on  maps and their  areas  estim- 
ated by planimeter. The annual mean discharge per square  mile 
from those  contained  or  adjacent  watersheds  for which streamflow 
d a t a  are  reported by Water Survey of Canada, was used to  estimate 
the annual discharges from the two sub-basins. The discharge per 
square  mile  for  the Kaslo River was used as  the  representative 
for the  northern  tributaries,  while  the  discharge per  square  mile 
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data from the Goat  Ri.yer watershed was f e l t   t o  be representative 
of the  southern  tr ihutaries.  The to ta l  ungauged . .  i n p u t  was then 
estimated  for  the  entire  basin. The northern  tributaries were 
found t o  contribute  approximately 55% of this to ta l  ungauged con- 
tr ibution on the  basis of these  calculations and assumptions. A 

l imitation i n  expanding t h i s  procedure to   ca lcu la te  ungauged i n -  
puts for  the  study  year was the  absence of any data on a contained 
tributary  for  that   year.  Consequently historical   data was used t o  
determine  the  ratios  of  discharges and a to ta l  water  balance  using 
lake  level changes was used. 

The  ungauged contribution was calculated on a daily  basis from the 
sum of the gauged i n p u t  less  the  discharge from the  lake,   less any 
changes i n  storage i n  the  lake a s  the r e su l t  of the  control of the 
discharge from the  lake.  This provided a record of discharge  to 
the  lake which, when .divided between the  northern and southern 
basins, was remarkably similar  in shape to  the  other  uncontrolled 
i n p u t s  ( the Lardeau River and the Goat River). There was, however, 
a considerable amount of variation  present  in  the  discharge  estim- 
ates,,  including a number of negative  values  for  flow.  This was a 
recognizable problem which resulted from a number  of physical  fac- 
t o r s  which  were not  considered  in  the  daily  estimates b u t  which 
would  be significant  in a cumulative  loading  for a longer  period. 
These include wind-induced seiches,  evaporation, and time delays 
in  level changes a t  metering  equipment. As an  example, the opera- 
t ion of the Duncan Dam can produce very dras t ic  changes i n  the 
flow of the Duncan River, b u t  the   e f fec t  of t h i s   i s  not measured 
a t  Corra L i n n  Dam s i t e  within  the same time  period. 
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RESULTS 

1. SEASONAL  PATTERN OF LOADINGS 

1.1 N u t r i e n t   C o n t r i b u t i o n s  t o  Kootenay  Lake 

1.1 .l - Duncan R iver   (F igure  2 )  

Peak l oad ings   o f   nu t r i en ts   pass ing   t h rough  Duncan Dam o c c u r r e d   a t  

two  per iods i n   t h e   y e a r .  The f i r s t   o f  these was d u r i n g   t h e   l a t e  

summer ( f rom  the   beg inn ing   o f   August   to   the  end o f  September) 
when Duncan Lake had near ly  reached i t s  maximum ho ld ing   capac i t y .  

The second pe r iod ,   du r ing   wh ich   l oad ings   were   re la t i ve l y   cons tan t  
and m a i n t a i n e d   a t  a h igh   leve l ,   occur red   f rom  the   beg inn ing   o f  

December t h r o u g h   t o   t h e  end o f  Februa ry .   Th i s   pa t te rn   o f   l oad ing  

was es tab l i shed   as   t he   resu l t   o f   d i scha rge   f rom  the   rese rvo i r ,   as  
ev idenced  by   , the   h igh   sus ta ined  f low  dur ing   th is  same pe r iod .  

1.1.2 - Lardeau  River  (Figure 3)  

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

i o d   f r o m   t h e   b e g i n n i n g   o f  May through  to  mid-August.   This was 
evidenced  by  the  dominance o f   t h e   f l o w   p a t t e r n s  on the   l oad ing  

curves. 

1 .1.3  Nor thern  Tr ibutar ies  (F igure 4)  

The s i g n i f i c a n t   l o a d i n g s   o f   n u t r i e n t s   o c c u r   f r o m  mid-May through 

mid-Ju ly .  The magnitude o f  the   peaks   o f   nu t r ien t   load ings   were  
s u b s t a n t i a l l y   h i g h e r   t h a n   e i t h e r   t h e  Duncan River   or   the  Lardeau 

R ive r .  The appearance o f   n e g a t i v e  peaks i n  bo th   t he   f l ow  and t h e  
load ing   curves  was t h e   r e s u l t   o f   t h e  method o f  e s t i m a t i o n   o f   t h e  

f l o w   c o n t r i b u t i o n   o f   t h i s   a r e a  and a l s o   a p p l i e s  t o  the  southern 

t r i b u t a r i e s .  The response  t ime o f   t h e   l a k e   t o   i n c o m i n g   f l o w  was 

o f  a magnitude  greater  than one day  which was t h e   i n t e r v a l   o f  

measurement. Sudden changes o f   incoming  f low may have produced 

the  negative  peaks.  This,  however,  averaged  out  over  the  period 

o f  a year   as   the   es t imates   o f   negat ive   loads  were fo l lowed  by 

ove res t ima tes   o f   pos i t i ve   l oads .  Hence, over   the   year   fo r   wh ich  

t o t a l s  have  been c a l c u l a t e d   t h e   n e t   r e s u l t   i s   f e l t   t o  be accurate.  
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1 .1 .4  - Southern Tributaries (Figure 5) 

1 

The  same pattern  of,loadings was found for  southern tri.butaries; 
however, the peaks of the 1oadi.ngs were not  as large  as  for  the 
northern tributaries. This results i n  part from lower discharges 
because of  the manner of calculat ion (Methods Section 2.4.2) .  
The reservations regarding negative peaks applied t o  the northern 
tributaries  also apply  t o  the southern tributaries. 

1.1.5 East Channel of  the Kootenay  River 
(Figure 6 )  

Loadings of nutrients occurred  throughout the entire year a t  a 
fairly constant low level. 

1.1.6 West  Channel o f  the Kootenay River 
(Figure 7 )  

The most substantial loadings t o  the lake occurred i n  this the 
main source of water t o  the lake. The loading  curves for.tota1 
and dissolved phosphorus fol low the pattern of the  discharge curve 
during the entire  year. The pattern of the nitrate loading  cruve 
follows the  discharge curve for most of the year b u t  an  independent 
peak w i t h  a high nitrate concentration occurred a t  the beginning 
of March and another a t  the end of June. There was  some evidence 
of the March  peak i n  the East  Channel and a t  Porthill. 

1 . 2  Nutrient Loadings From  Kootenay Lake 

1 .2 .1  Fraser Narrows (Figure 8)  

Nutrients  are  transported from  Kootenay  Lake through Fraser Narrows. 
Nutrient transport  parallelled  discharge during most of the year. 
There were two major? peaks of nutrient  discharges from the Lake. 
The f i r s t  occurred during sustained h i g h  discharge between mid-Octo- 
ber and the end of March.  The  second occurred during the natural  
freshet period between April and September. 
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A t  a l l  ti,mes the   ou tpu t   o f   nu t r i . en ts   f rom  the   l ake  exceeded  any 

of   the  indiv i .dua1  i .nputs,   but   not   a lways  the sum of the  i .nputs.  

The h i g h   n i t r a t e  + n i t r i t e  peak, evi.dent a t  'raser  Narrows in. 

l a t e  January,   occurred  before  th i :s   nut r ient  showed any  substan- 

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

1 . 3   N u t r i e n t   C o n t r i b u t i o n s   i n   t h e   C r e s t o n   V a l l e y  

1.3.1  Goat  River  (Figure 9)  

The l o a d i n g   o f   n u t r i e n t s   f r o m   t h i s   s o u r c e   r e a c h e d   i t s  maximum 
dur ing  a b r i e f   p e r i o d   i n  May and  June. The Goat  River had o n l y  

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

1 .3 .2   Koo tena i   R ive r   a t   Po r th i l l   (F igu re   10 )  

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

s t a t i o n ,  where the  Kootenai   River   re-enters  Canada, was s i m i l a r  
t o   t h a t   i n   t h e  West Channel. The magnitude  of  loadings,  however, 
were s l i g h t l y   l o w e r .  

1.4  Daily  Net  Loadings  to  Kootenay  Lake 
l F i g u r e  11 ) 

Pos i t i ve   ne t   l oad ing   o f   phosphorus   occu r red   p r imar i l y   du r ing   t he   pe r -  

i o d   o f   f r e s h e t   ( F i g u r e   1 1 ) .   D u r i n g   w i n t e r   t h e r e  was a n e t   l o s s  of 
t o t a l  phosphorus,   the  major   por t ion  o f   which  appeared  to   be i n  a d i s -  

solved  form. The f l u c t u a t i o n s  shown i n  F igure  11 r e f l e c t   n e t  changes 

i n  s to rage   o f   wa te r  on the   l ake .  

The pa t te rn   o f   ne t   load ing   o f   d isso lved  phosphorus   fo l lowed  the   pa t te rn  

exh ib i ted   fo r   to ta l   phosphorus   dur ing   most  o f  the   year   except   dur ing  
the   per iod   o f   mass ive   to ta l   phosphorus   load ing   dur ing   f reshet .  

N i t r a t e  + n i t r i t e   l o a d i n g s   t o   t h e   l a k e   f o l l o w e d  a p a t t e r n   s i m i l a r   t o  

t h a t   o f   t o t a l  phosphorus  except  for a f e w   s l i g h t   v a r i a t i o n s .  The n e t  

l o s s   o f   n i t r a t e  + n i t r i t e  which  occurred  dur ing  the  winter   months was 

very   d ramat ic ,   reach ing   near ly  8,000 kg/day.  There..was  an' isolated, 

v e r y   d i s t i n c t  peak o f   p o s i t i v e   n e t   l o a d i n g   w h i c h   o c c u r r e d   d u r i n g   A p r i l .  
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This peak  was reflected in the net loadings t o  Creston. Again this 
pattern  reflects the massi.ve loading  of materi.al which occurred dur- 
ing freshet. and the subsequent winter,  di~scharge. 

2.  ANNUAL LOADINGS 

The  numbers discussed in this  section-are the totals o f  the daily 
loadings for  the period beginning July 31, 1974 and ending July 31, 
1975. The yearly  totals with 95% confidence intervals  are given in 
Table 1 . 
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Figure  12. C o n t r i b u t i o n   o f   t o t a l  
phosphorus t o  Kootenay  Lake  from 
each o f  the  inputs,  expressed  as 
pe rcen t   o f   t he   annua l   l oad   t o   t he  
l ake   f rom  a l l   sou rces .  
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F i g u r e   1 3 .   C o n t r i b u t i o n   o f   d i s s o l v e d  
phosphorus t o  Kootenay  Lake  from  each 
o f  the  inputs ,   expressed  as  percent   o f  
the   annua l   load   to   the   lake  from a l l  
sources. 
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2.1 Duncan River 

Estimates of total  phosphorus loading i.n the Duncan Ri,ver a re  i,mpre- 
c ise .  The confidence  limits  associ.ated  ui.th  the  estimate  reflect a 
h i g h  frequency of the occurrence o f  ou t l i e r s .  Hence the  estimate of 
112.25 x 10’ kg i s  expected t o  be h i g h .  This  represents 14% of the 
total  phosphorus entering  the  lake.  (Figure 1 2 ) .  Dissolved phosphor- 
us loading i n  the Duncan River  represents 4% of the  total  i n p u t  t o  
the lake.   (Figure  13).   Nitrate  nitr i te  contribution  to  the  lake was 
qui te   substant ia l ,  being 21% of the  total  to  the  lake.  (Figure  14). 

2 .2  Lardeau River - 

A second estimate of loading of total  phosphorus was obtained  for  the 
Lardeau River. lh is  was the  only  station a t  which to ta l  phosphorus 
concentratiion was found to  be related t o  discharge. The regression 
equation  determined was: 

CpJ ug/1 = 3.32 + 0.463 x Flow (m 3 /sec)  

w i t h  Fb  = 28.55 ( p  < . O l )  with Fb being the   ra t io  of the  error  explain- 
ed  by the  regression  to  the  unexplained  error. 

This  equation was then used t o  calculate  the  loading of total  phos- 
phorus. A loading of to ta l  phosphorus estimated by this method  was 
81 x 10 kg/year. The higher  values  associated  with  the  regression 
estimates have  been observed  elsewhere  (Kleiber and Erlebach, 1977) .  
In  undertaking of studies of this   type  the  s ta t is t ical  model chosen 
can have a large  effect  on the  estimates made. 

3 

The 81 tonrles of total  phosphorus represents 10% of the  total phos- 
phorus entering  the  lake.  Dissolved phosphorus and nitrate  plus 
n i t r i t e   represent  8% and 10% respectively. 

2.3  Northern Tributaries 

Of the  total  contributions  to  the  lake of total  phosphorus, dissolved 
phosphorus and nitrate  plus  nitr i te  for  the  collective  northern  tr ibu- 

t a r i e s  was 5%, 3% and 10% respectively. 
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2.4 Sou the rn   T r ibu ta r ies  

Loadings 0.F t o t a l  phosphorus  and n i . t r a t e   p l u s   n i t r i t e   f o r   t h e   s o u t h e r n  

t r i b u t a r i e s  were much l e s s   t h a n   t h e   n o r t h e r n   t r i b u t a r i e s .  Here t o t a l  
phosphorus was 2.5% o f  t h e   t o t a l   t o   t h e   l a k e ,   d i s s o l v e d  phosphorus 3% 

and n i t r a t l e   p l u s   n i t r i t e  6%. 

2.5  East  Channel o f   t h e  Kootenay R iver  

C o n t r i b u t i o n   o f   t o t a l  phosphorus t o   t h e   l a k e   b y   t h e   E a s t  Channel o f  

t h e  Kootenay R iver  was 9% of t h e   t o t a l .   D i s s o l v e d  phosphorus and 

n i t r a t e   p l u s   n i t r i t e   a c c o u n t   f o r  11%  and 4% r e s p e c t i v e l y .  

2.6 West [Channel o f   t h e  Kootenay R iver  

The m a j o r   c o n t r i b u t o r   o f   m a t e r i a l  t o  Kootenay  Lake was t h e  West Channel 

o f   t h e  Kootenay  River.   Total   phosphorus  contr ibut ion was 62% o f  t h e  

t o t a l   t o   t h e   l a k e .   S i m i l a r l y   d i s s o l v e d  phosphorus c o n t r i b u t i o n  was 69% 
and n i t r a t e   p l u s   n i t r i t e  was 48%. 

2.7 Fraser  Narrows - 

The magn i tude  o f   the   load ings  was g r e a t e r   i n   t h e   o u t l e t   f r o m   t h e   l a k e  
than i n  an:y one o f   t h e   c o n t r i b u t o r s .  It should be no ted   tha t   the   con-  

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

t o   t h e  same mechanism as i n   t h e  Duncan R i v e r ,   t h a t   i s   t h e   f r e q u e n c y  of 

o u t l i e r s  among the   concent ra t ion  measurements. 

2.8 Goat R i v e r  ~- 

The c o n t r i b u t i o n s   o f   n u t r i e n t s   f r o m   t h e  Goat R iver  were very  smal l .  Of 

t h e   c o n t r i b u t i o n   t o   t h e   l a k e   t h r o u g h   t h e   E a s t  and West Channels o f  
Kootenay  Lake t o t a l  phosphorus  from  the  Goat  River  represents 3%, d i s -  

solved  phosphorus  1% and n i t r a t e   p l u s   n i t r i t e  2%. 
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2.9 Kootenai River a t  Por th i l l  

Total  phosphorus loading a t  Porthill was 97% of the comhined east and 
west  channel loads. Dissolved  phosphorus loading exceeds t h a t  of the 
combined east and west channels,  as does nitrate plus ni t r i te .  Associ- 
ated w i t h  these two are broad confidence limits. Again,  these  are  the 
result of t h t :  random occurrence of outliers i n  the  concentration measure- 
ments. 

2.10 Net Loading t o  Kootenay  Lake 

The results o f  this study suggest t h a t  there i s  not a significant d i f -  
ference between the loadings ' o f  the  inputs t o  the lake and the o u t p u t  
from the  lake. (Table 1 ) .  The results do suggest the fo l lowing .  Total  
phosphorus and nitrate plus nitrite  are  retained i n  the  lake, while some 
conversion t o  dissolved phosphorus may occur. The retention of  phosphor- 
us may be on the  order of 10% of the t o t a l  i n p u t  t o  the lake, and 11% 
of the nitrate plus ni t r i te .  

2.11 Net  Loadings through  Creston  Valley 

There are apparent discrepancies which exist between the sum of the i n -  
puts t o  the Creston  Valley ( i . e .  Kootenai  River a t  Porthill + Goat River) 
and the sum of the loads from the East and West Channel. I t  i s   f e l t  t h a t  
these  differences  result because of overestimates of loadings of dissolved 
phosphorus and nitrate .plus ni t r i te ,  as  was noted i n  section ( 2 . 9 ) .  These 
apparent discrepancies  are not  significant a t  the 95 percent confidence 
level . 
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DISCUSSION 

Damming r i v e r s .   a l t e r s   t h e i r   n a t u r a l   f l o w   h u t   p r o v i . d e s  some b e n e f i c i a l  
e f fects   such as f l o o d   c o n t r o l  and  power generat ion.  The e f f e c t  o f  dams, 

however, on ecosystems i s  no t   we l l   unders tood.  The c r e a t i o n   o f  an  impound- 

ment  which a l t e r s   t h e   n a t u r a l   f l o w s  may produce  changes i n  b i o t a .  One 

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

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

t i o n   o v e r  a p e r i o d   o f   t i m e .  

An impoundment can a l t e r   t h e   p a t t e r n   o f   l o a d i n g   i n  a v a r i e t y   o f  ways.  The 
c r e a t i o n   o f  an  impoundment o r   reservo i r   reduces   water   ve loc i ty   wh ich   a l lows 

mater ia ls   which  would  normal ly  be suspended t o   s e t t l e   o u t .   T h i s   w w 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   o f   p a r t i c u l a t e   n u t r i e n t s   i n   t h e   w a t e r   l e a v i n g   t h e  
impoundment. A reservo i r   wh ich   s to res   water   dur ing   f reshet  and i s  drawn 
down du r ing   t he   pe r iod  o f  normal ly   low- f low  cond i t ions ,  will change the   nor -  

mal p a t t e r n   o f   n u t r i e n t   t r a n s p o r t .  

1. COMMENT ON LOADING ESTIMATES 

Loadings o f  mater ia ls   wh ich  have w ide   con f idence   l im i t s   t end   t o   be   ove r -  
es t imated .   Th is   resu l ts   f rom  the   occur rence among the   concent ra t ion  

measurements o f   " o u t l i e r s " .   O u t l i e r s   o c c u r   r a n d o m l y   t h r o u g h o u t   a l l   d a t a .  
I n   t h e  measurements  used, ou t l i e rs   a re   a lways   "h igh " .   Th i s   a f fec ts   t he  

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

magn i tude  o f   the   ou t1   ie rs  and to   t he   f requency   w i th   wh ich   t hey   occu r .  

There i s  no bas i s   f o r   remov ing   ou t l i e rs   f rom. the   da ta   se t   s ince   t hey  
occur a t   a l l   s t a t i o n s   i n  a random  manner. The e f f e c t   o f   o u t l i e r s  on 

e s t i m a t e s   o f   t h e  mean concent ra t ion  and i t s   v a r i a n c e   i s  reduced  by 

i nc reas ing   t he  number o f  samples  taken a t   s t a t i o n s  where the  f requency 
o f  o u t l i e r s   i s   h i g h .  
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2. UNCONTROLLED TRIBUTARIES 

All of   the   uncont ro l led   t r ibu tar i .es   Cont r ibu ted   the   most   s i .gn i f i can t  

p o r t i . o n   o f   t h e i r   a n n u a l   l o a d   t o  Kootenay  Lake  d.uri.ng  freshet. I n  
genera l   the   to ta l   load ings   con t r ibu ted   by   ind i :v idua l   s t reams and r i v e r s  

was r e l a t i v e l y   m i n o r .  The c o n t r i b u t i o n   b y   a l l   t h e   u n c o n t r o l l e d   t r i b u -  
t a r i e s   o f   t o t a l  phosphorus was 17% o f   t h e   t o t a l   t o   t h e   l a k e .   S i m i l a r l y  

d isso lved  phosphorus  cont r ibut ion was 15%  and n i t r a t e   p l u s   n i t r i t e  20%. 

I n  these  (Lardeau  River,   Northern  and  Southern  Tr ibutar ies)  the  magni-  

tude and d u r a t i o n   o f   t h e   f r e s h e t  were t h e   m o s t   s i g n i f i c a n t   f a c t o r s  

a f fec t ing   the   load ing   o f   mater ia ls   to   Kootenay   Lake.  

3.  CONTROLLED TRIBUTARIES 

3.1 Duncan R ive r  - 

The Duncan R i v e r   c o n t r i b u t e s   s i g n i f i c a n t  amounts o f   b o t h   t o t a l   p h o s p h o r -  

us  and n i t r a t e   p l u s   n i t r i t e   t o  Kootenay  Lake.  (Figure 12, F igure   14) .  

C o n t r i b u t i o n  of dissolved  phosphorus was smal l .  

The o p e r a t i o n   o f  Duncan Dam d i s t u r b s   t h e   n a t u r a l   s e a s o n a l   p a t t e r n   o f  

n u t r i e n t   l o a d i n g   t o  Kootenay  Lake. The most s i g n i f i c a n t   f e a t u r e   i s   t h e  
enhancement o f   w i n t e r   l o a d i n g s   a t  a t ime when a lga l   g rowth  i s  minimal .  

Other  parameters  such  as  temperature and q u a l i t y   o f   l i g h t   a r e   l i k e l y   t o  

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

3.2  East  Channel  of  Kootenay  River 

The l o a d i n g   o f   n u t r i e n t s   t o  Kootenay  Lake  occurred a t  a m in ima l   l eve l  

throughout   the  year .  When compared t o   t h e  West Channel bo th   f o rms   o f  
phosphorus  approximated  the  13:87  f low  rat io  used. However, the   load-  

i n g   o f   n i t r a t e   p l u s   n i t r i t e   r e p r e s e n t s   o n l y   8 %  o f  t h e   t o t a l   c o n t r i b u t i c n  
o f   t h e  two  channels. 

P o s s i b l y   t h e   r e d u c t i o n   i n   t h e   n i t r a t e   p l u s   n i t r i t e   l o a d i n g  may be a t t r i -  

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

I n te rchange   o f   wa te r   assoc ia ted   w i th  Duck Lake  ponding,  and  reported 
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blooms o f .  blue-green  algae  (Enni.s,  personal communication) may have 
played a role  i n  the  reduction o f  n i t r a t e  plus ni,.tri,te  concentrations 
dur i .ng  certain  periods of the  year. 

3 . 3  West Channel of Kootenay River 

The nutrients which entered Kootenay Lake  by  way o f  the West Channel 
of the Kootenay River  represented  the  largest  percentage of the  total  
i n p u t .  The ni t ra te   plus   ni t r i te   contr ibut ion  represents  53% of the 
yearly  toti l l .  I n  any future  monitoring this s ta t ion should be studied 
most intensively.  

The seasonal  pattern o f  nutrient  loadings  to Kootenay Lake were 
affected by the  operation of the Libby Dam. The fluctuation i n  the 
volume o f  water  released a t  the Libby Dam was substant ia l ly  reduced by 
the time i t  reached the  entrance  to Kootenay Lake. The e f fec t  o f  the 
Libby Dam on the  loading of nutrients  to Kootenay Lake through the West 
Channel  of the Kootenay River was to   ac t  i n  a pattern  similar  to  that  
described  .for  the Duncan  Dam. That is   the   s torage of water i n  the 
reservoir behind the dam at   d i f ferent   per iods of the  year  with  subse- 
quent drawdown lowered the peak o f  flow and altered  the  seasonal  pat- 
tern o f  the  loading  pattern of nutrients.  This pattern was complicated 
by the  addition of  water from a se r ies  of  t r i bu ta r i e s  such as  the Moyie, 
Yahk and F.isher  Rivers. 

3.4 Kootenai River a t   P o r t h i l l  

Loadings of nutrients i n  the Kootenai River a t   Po r th i l l  were very simi- 
l a r  t o  that  which was found i n  the West Channel both i n  seasonal  pattern 
and magnitude. The  Goat River f a l l s  i n  the same category  as  the  other 
uncontrolled  rivers. There was a substantial  increase i n  flow and  mag- 
nitude of the  nutrient  loadings. 

3.5 Fraser Narrows 

The net lOSs of the  nutrients from the  lake  occurred  to  the  greatest 
degree d u r i n g  the  winter months (Figure 1 1 ) .  This l ike ly   re f lec ts   the  
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v e r t i c a l   m x i n g   o f   t h e   l a k e   w h i c h  was hi .ghly stratified dur ing   t he  

l a t e  summer. The vert i .ca1  mi,x i ,ng  resul ted i,n h r i n g l n g  . .  t o   t he   su r face  

o f   water   wh ich  was much h igher   i .n   nut r i ,ent   concentrat i .ons.   Th is  was 

r e f l e c t e d  i n  the   concent ra t ion  measurements [see Appendix).   This was 

e s p e c i a l l y   n o t i c e a b l e   f o r   n i t r a t e ,  and s u g g e s t s   t h a t   n i t r a t e  was accumu- 

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

t a r i e s   e n t e r e d   t h e   l a k e  and proceeded t o   s i n k   t o  a depth  based on the  
densi ty   reg ime  present .  

4. NET DAILY LOADINGS 

4.1  Net  Daily  Loadings  to  Kootenay  Lake 

The p a t t e r n   o f   n e t   l o a d i n g s  as shown i n   F i g u r e  11 r e f l e c t s   t h e   n e t  
occurrence o f   t h e   i n p u t s  and the  d ischarge  f rom  the  lake.   Th is  was 

very   impor tan t  when t h e   l o a d i n g   t o   t h e   l a k e  was considered.  Massive 

amounts of   both  phosphorus and n i t r a t e  were  added t o   t h e   w a t e r s   o f   t h e  
l ake   du r ing   f reshe t .  The f reshet   load ing   accounted   fo r  85 - 90% o f  

t he   t o ta l   annua l   l oad ing .   Th i s   ma te r ia l  was r e t a i n e d   w i t h i n   t h e   l a k e  

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

discharge  occurred.  Almost a l l   o f   t h e   t o t a l   l o a d i n g s   r e p o r t e d   i n   T a b l e  

1 e n t e r e d   t h e   l a k e   d u r i n g   t h e   e a r l y   m o n t h s   o f   t h e  summer. The load ings  

represent   the  amount which  remained  subsequent to   w in te r   d i scha rge .  

Subsequent s tud ies  should be designed t o   r e f l e c t   t h i s   s i t u a t i o n ,   t h e  

l oad ings   be ing   es tab l i shed   i n   connec t ion   w i th   t he   f o l l ow ing   w in te r .  

I n   t h i s   r e s p e c t   t h e   e s t i m a t e s   i n   T a b l e  1 may be qui te  erroneous  as  they 
r e f l e c t   t h e   d i s c h a r g e   f r o m   t h e   l a k e   a f t e r  a f reshet   wh ich  was n o t   t h e  

one which had  been monitored.  Future  studies  should be e s t a b l i s h e d   t o  . 

ensure  that ,  i n   t h e  case o f   r e s e r v o i r s ,  impoundments  and lakes  yhere 

' t h i s   s i t u a t i o n   m i g h t   a r i s e ,   t h e   s t u d y  commences p r i o r   t o   t h e   f r e s h e t  

per iod   ra ther   than  beg inn ing  and end ing   du r ing   f reshe t .   S tud ies   o f  

t h i s   n a t u r e   s h o u l d   a l s o  be extended f o r  a per iod   o f   t ime  wh ich   covers  

t h e   e f f e c t i v e   r e s i d e n c e   t i m e  o f  the   lake .  
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5. NUTRIENT BUDGETS 

Kootenay Lake appeared to  be acting  as a sink for   nu t r ien ts ,  w f t h  the 
above reservations,  since annual i n p u t  exceeded  annual output. I t  
was estimated t h a t  Kootenay Lake retains  156 f 191 tonnes of total  
phosphorus and 210 f. 467 tonnes of n i t r a t e   p lus   n i t r i t e .  

Although these  estimates were relat ively  large,  i t  was most important 
t o  consider  these  values  in  relation t o  all  the  available  information. 
Since  these were annual values  they  reflected  the  total  input  less 
the  total  output. When the  timing of the  loadings t o  and  from the 
lake ( a s  shown in  Figure 1 1 )  was considered i t  was noted that  the  net  
l o a d i n g  to  the  lake  occurred  to  the  largest  degree d u r i n g  f reshet  
while  the  largest o u t p u t  from the  lake  occurred d u r i n g  the  following 
winter, presumably when the   s t ra t i f ica t ion  of the  lake was broken 
down. 

The major portion of  nutrient  loadings  occurred  during  the  productive 
summer months, increasing  the amounts available  for  algal growth and 

maintenance. High  levels of suspended solids  in  the  East and  West 
Channels may l imit  the amdunt of l ight  available  for  algal growth.  
The discharge of nutrients through  Fraser Narrows d u r i n g  late  winter 
coincided w i t h  the breakdown of s t r a t i f i ca t ion  of the  lake.  This may 
explain why the  nutrients which  were loaded i n t o  the  lake d i d  not 
create  algal blooms. 
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CONCLUSIONS 

1 .  

2. 

3 .  

Kootenay  Lake received  the bulk o f  i . ts   nutrient load dur i .ng  the  period 
o f  f reshet  w i t h  the  notable  exception of  the Duncan Ri.ver where opera- 
t i o n  of the  reservoir   shif ted  the  ni t ra te  p l u s  nitr i . te  loading  to the 
winter drawdown period. 

The source  of  highest i n p u t  of nutr ients   to  Kootenay Lake  was the West 
Channel of'   the Kootenay River which accounted for  an estimated 62% o f  
t h e ' t o t a l  phosphorus, 69% of the  dissolved  phosphorus, and 48% of the 
n i t r a t e   p lus   n i t r i t e  t h a t  entered  the  lake.  Future  estimates of the 
loadings  for  this  area should be based on. the largest  number of samples 
possible. 

The concentration  of  nitrate plus n i t r i t e  was found . to  be substant ia l ly  
higher i n  the Duncan  and Lardeau Rivers  than i n  the others.  (Appendix) 
This phenomenon m i g h t  be related t o  logging practices i n  these two 
watersheds, atmospheric.contributions or  to  the minera 
This phenomenon warrants  further  consideration. 

RECOMMENDATIONS 

1 .  Studies of this .nature. should  begin d u r i n g  the  s table  

ogy o f  the area. 

ow-f 1 ow condi - 
t ions which exist d u r i n g  the  winter months and continue  throughout 
the  effective  residence  time of the system  being assessed. 

2 .  When out l ie rs   a re  found to   ex is t  i n  the  concentration measurements, 
e f fo r t s  should be  made to  increase  the  intensity o f  sampling. This 
will reduce the  re la t ive impact  of ou t l i e r s  i n  mean concentration and 
on i t s   var iance ,  i f  the  frequency of the  occurrence o f  outliers does 
not  increase i n  proportion  to  'the number o f  samples. 
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