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I n t r o d u c t i o n  

Kokanee Bay o f  Lac La Hache has been i d e n t i f i e d  by t h e  Car iboo  
Regional  F i s h e r i e s  B i o l o g i s t  as t h e  area where t h e  m a j o r i t y  of t h e  
kokanee i n  t h e  l a k e  spawn. A t  p resen t ,  t h e r e  a r e  about a dozen 
domest ic  s e p t i c  t a n k  i n s t a l l a t i o n s  s i t u a t e d  w i t h i n  500 f e e t  o f  t h e  
shore o f  Kokanee Bay. A proposed development l o c a t e d  between 1000 and 
2000 f e e t  f rom t h e  shore o f  t h e  bay c o u l d  i n c r e a s e  t h e  number o f  s e p t i c  
t ank  s i t e s  i n  t h e  area t o  49. 

I n  a memorandum t o  J.C. Foweraker, Head of t h e  Groundwater 
Sec t i on ,  Mr.  A.O. Stephens, t h e  Car iboo  Regional  Waste Manager, has 
reques ted  comments on t h e  p o t e n t i a l  f o r  adverse e f f e c t s  on t h e  s u r f a c e  
w a t e r  q u a l i t y  i n  t h e  spawning grounds area o f  Kokanee Bay r e s u l t i n g  
f r o m  p o s s i b l e  groundwater t r a n s p o r t  of n u t r i e n t s  f rom nearby s e p t i c  
t a n k  e f f l u e n t  sources. The f o l l o w i n g  r e p o r t  i s  based on an o f f i c e  
s t u d y  o f  a e r i a l  photographs, g e o l o g i c  maps, w e l l  reco rds ,  seepage meter  
data,  water  q u a l i t y  data and p r e v i o u s  r e p o r t s  by o t h e r  branches. 

I n  o r d e r  t o  e v a l u a t e  t h e  p o t e n t i a l  e f f e c t s  t h a t  t h e  n u t r i e n t s  
( p a r t i c u l a r l y  n i t r o g e n  and phosphorous) generated f rom e x i s t i n g  and 
proposed r e s i d e n t i a l  s e p t i c  t ank  systems may have on t h e  q u a l i t y  o f  
w a t e r  i n  t h e  spawning grounds, t h e  f o l l o w i n g  f a c t o r s  have been 
cons ide red :  

(1) t h e  h y d r o g e o l o g i c  s e t t i n g  
(2) 
(3) t h e  amount o f  n u t r i e n t  l o a d i n g  and d i l u t i o n  e f f e c t s  
(4)  o t h e r  sources o f  p o s s i b l e  n u t r i e n t  i n p u t  
(5) 

t h e  amount o f  groundwater f l o w  

an a n a l y s i s  o f  w a t e r  q u a l i t y  t e s t  r e s u l t s  

1. Hydrogeo log ic  S e t t i n g  

Acco rd ing  t o  H.W. T i p p e r  (1971),  Lac Lac Hache was once occupied 
by a m e l t w a t e r  channel .  Forbes Creek, which f l o w s  i n t o  Lac La Hache 
appears t o  have been a minor  t r i b u t a r y  channel .  T i p p e r  (1971) has a l s o  
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i d e n t i f i e d  ' a m i n o r  e s k e r  complex a s s o c i a t e d  w i t h  t h i s  t r i b u t a r y  
channel .  F i g u r e  1 shows t h e  genera l  boundar ies  o f  t h e s e  channels  and 
t h e  d i s t r i b u t i o n  o f  s u r f i c i a l  sediments i n  t h e  area  a c c o r d i n g  t o  
V a l e n t i n e  and S c h o r i  (1980). 

I n  o r d e r  t o  de termine t h e  subsur face  c o n d i t i o n s  i n  t h e  area, d a t a  
f r o m  w e l l  r e c o r d s  (Table 1) of known domest ic  w e l l s  and s p r i n g s  i n  t h e  
a r e a  (see F i g u r e  2 f o r  l o c a t i o n s )  have been analyzed. As a r e s u l t ,  
f o u r  h y d r o g e o l o g i c  c r o s s - s e c t i o n s  have been c o n s t r u c t e d  as shown i n  
F i g u r e s  3 and 4. Based on t h e s e  h y d r o g e o l o g i c  s e c t i o n s  and t h e  
s u r f i c i a l  geology o f  t h e  area, t h e  approx imate  e x t e n t  of t h e  main 
a q u i f e r  u n d e r l y i n g  t h e  s tudy  area has been o u t l i n e d  as shown i n  F i g u r e  
5. T h i s  main a q u i f e r  l i e s  a l o n g  t h e  e a s t  s i d e  of Forbes Creek and i s  
u n c o n f i n e d ;  a p p r o x i m a t e l y  2,000 f e e t  i n  w i d t h  by a p p r o x i m a t e l y  10 f e e t  
i n  s a t u r a t e d  t h i c k n e s s ;  and i s  compr ised o f  g l a c i o f l u v i a l  sands and 
g r a v e l s  (see F i g u r e  3). Accord ing  t o  t h e  w e l l  l o g  da ta ,  t h e  depth  t o  
t h e  w a t e r  t a b l e  has been e s t i m a t e d  between 5 f e e t  and 20 f e e t  below 
ground l e v e l .  F i g u r e  5 a l s o  shows t h e  apparent  d i r e c t i o n  o f  ground- 
w a t e r  f l o w  i n  t h e  area based on t h e  l i m i t e d  w a t e r  l e v e l  d a t a  and 
r e g i o n a l  t o p o g r a p h i c  c o n s i d e r a t i o n s .  

The main source  of recharge t o  t h i s  a q u i f e r  appears t o  be Forbes 
Creek. Other  p o s s i b l e  sources o f  recharge i n c l u d e  d i r e c t  p r e c i p i t a t i o n  
o v e r  t h e  a q u i f e r  and seepage f r o m  areas ups lope,  e s p e c i a l l y  n o r t h e a s t  
o f  t h e  s tudy  area. 

2. Amount o f  Groundwater F low 

The t h e o r e t i c a l  amount o f  groundwater  f l o w i n g  t h r o u g h  t h e  a q u i f e r  
can  be e s t i m a t e d  u s i n g  t h e  s t a n d a r d  Darcy f o r m u l a  f o r  f l u i d  f l o w  
t h r o u g h  a porous media (v iz .  Q = K iA) .  E s s e n t i a l l y ,  D a r c y ' s  Law 
r e l a t e s  t h e  d i s c h a r g e  Q i n  g a l l o n s  p e r  m i n u t e  t o  t h e  p r o d u c t  o f  t h e  
h y d r a u l i c  c o n d u c t i v i t y  K, i n  g a l l o n s  p e r  day p e r  square f e e t ,  t h e  
h y d r a l i c  g r a d i e n t  i (d imens ion less) ,  and t h e  c r o s s - s e c t i o n a l  area A, o f  
t h e  a q u i f e r  n o r m a l  t o  t h e  f l o w  d i r e c t i o n ,  i n  s q u a r e  f e e t .  
Consequent ly ,  assuming a range of h y d r a u l i c  c o n d u c t i v i t y  f o r  t h e  
g l a c i a l  (esker )  d e p o s i t s  o f  between about  200 gpd/sq. ft. and 2700 
gpd/sq. ft. (based on Terzagh i  and Peck, 1967);  and a g r a d i e n t  i, o f  
a p p r o x i m a t e l y  0.03 (based on F i g u r e  4 ) ;  and an A o f  about 20,000 sq. 
ft. (i.e., 2,000 f e e t  wide x e s t i m a t e d  average a q u i f e r  t h i c k n e s s  o f  10 
f e e t ) ,  t h e n  t h e  t h e o r e t i c a l  d i s c h a r g e  Q, f l o w i n g  t h r o u g h  t h e  w i d t h  o f  
t h e  a q u i f e r  towards Kokanee Bay i s  between about  90 USgpm and 1100 
USgpm. Accord ing  t o  Freeze and C h e r r y  (1979), t h e  p o r o s i t y  o f  sand and 
g r a v e l  can range between 25% and 40%. There fore ,  assuming a 
c o n s e r v a t i v e  p o r o s i t y  v a l u e  o f  30% (i.e., 0.3), t h e  t h e o r e t i c a l  average 
l i n e a r  i n t e r s t i t i a l  groundwater  v e l o c i t y  may range between 3 ft. p e r  
day and 40 ft. p e r  day. 
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D u r i n g  t h e  summer o f  1982, Waste Management s t a f f  of W i l l i a m s  
Lake, i n s t a l  l e d  s e v e r a l  groundwater seepage meters a t  v a r i o u s  s i t e s  
a l o n g  t h e  spawning grounds (see F i g u r e  5 ) ,  t o  de termine t h e  a c t u a l  
amount o f  groundwater  seeping i n t o  t h e  spawning grounds. These meters 
were i n s t a l l e d  a p p r o x i m a t e l y  10 f e e t  f r o m  t h e  s h o r e l i n e  and i n  about 3 
f e e t  o f  water .  From t h e  d a t a  c o l l e c t e d ,  t h e  average h y d r a u l i c  
c o n d u c t i v i t y  was c a l c u l a t e d  t o  be i n  t h e  o r d e r  o f  0.1 gpd/sq. ft. The 
e s t i m a t e d  d ischarge,  assuming a h y d r a u l i c  g r a d i e n t  o f  0.03 and an 
e s t i m a t e d  c r o s s - s e c t i o n a l  a q u i f e r  area o f  20,000 square f e e t ,  i s  l e s s  
t h a n  1 USgpm. 

I t  i s  e v i d e n t  t h a t  t h e  f i e l d  r e s u l t s  a r e  s i g n i f i c a n t l y  l e s s  t h a n  
t h e  t h e o r e t i c a l  minimum expected (i.e., 90 USgpni). I n  v iew o f  t h e  
r e g i o n a l  groundwater  c o n d i t i o n s  and permeable n a t u r e  o f  t h e  a q u i f e r  
m a t e r i a l s ,  i t  appears t h a t  t h e  f i e l d  r e s u l t s  a r e  n o t  r e p r e s e n t a t i v e  o f  
t h e  a c t u a l  groundwater  f l o w  c o n d i t i o n s .  T h i s  d i s c r e p a n c y  may be due t o  
s e v e r a l  p o s s i b l e  reasons, i n c l u d i n g :  

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

( c )  improper  l o c a t i o n  of meters,  t h e r e b y  n o t  b e i n g  a b l e  t o  i n t e r c e p t  

improper  f u n c t i o n i n g  o f  t h e  seepage meters,  

1 aY e r ( S  1 9 

t h e  main component of groundwater  f l o w  

3. Amount o f  N u t r i e n t  Loadina and D i l u t i o n  E f f e c t s  

Acco rd ing  t o  Da le  Wet te r  o f  t h e  Waste Management Branch i n  
V i c t o r i a  (pers. comm.), t h e  average s e p t i c  t a n k ' s  e f f l u e n t  has a t o t a l  
n i t r o g e n  c o n c e n t r a t i o n  o f  about 30 mg/L and a t o t a l  phosphorous concen- 
t r a t i o n  o f  about  8 mg/L. These f i g u r e s  a r e  i n  c l o s e  agreement w i t h  
t h e  r e s u l t s  de termined by Oldham and Kennedy (1973) o f  analyses o f  
s e p t i c  t a n k  e f f l u e n t  i n  t h e  Okanagan V a l l e y  . R e s u l t s  o f  a f i e l d  
survey  by W i l l i a m s  Lake Waste Management s t a f f ,  of t h e  r e s i d e n t i a l  and 
t o u r i s t - o r i e n t e d  e s t a b l i s h m e n t s  i n  t h e  Kokanee Bay area i n d i c a t e  t h a t  
t h e r e  a r e  12 s e p t i c  t a n k  d i s p o s a l  s i t e s  t h a t  can p o t e n t i a l l y  a f f e c t  t h e  

. q u a l  i t y  o f  groundwater  f l o w i n g  towards Kokanee Bay. D i  r e c t  measure- 
ments o f  t h e  amount o f  wastewater  l e a v i n g  t h e  s e p t i c  t a n k s  i n  t h e  area 
have n o t  been made. Consequent ly,  assuming a water  consumption r a t e  o f  
80 USgpd p e r  c a p i t a  and 3.5 persons p e r  s i t e ,  t h e  e s t i m a t e d  p o t e n t i a l  
peak sewage f l o w  f rom t h e  e x i s t i n g  12 s e p t i c  t a n k  s i t e s  i s  3,360 
g a l l o n s  p e r  day (i.e., 15,000 l i t r e s  p e r  day).  Us ing  t h e  p r e v i o u s l y  
ment ioned f i g u r e s  f o r  n i t r o g e n  and phosphorous l o a d i n g s  p e r  s e p t i c  t a n k  
s i t e ,  t h e  t o t a l  e s t i m a t e d  p o t e n t i a l  peak n i t r o g e n  l o a d i n g  i s  450 grams 
p e r  day and t h e  t o t a l  e s t i m a t e d  p o t e n t i a l  peak phosphorous l o a d i n g  i s  
120 grams p e r  day. 

D u r i n g  t h e  down-gradient  m i g r a t i o n  o f  t h e s e  n u t r i e n t s  towards 
Kokanee Bay v i a  t h e  groundwater  f l o w  system, t h e  c o n c e n t r a t i o n  of 
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n a g e n  and phosphorous w i l l  be redueed by d i l u t i o n .  Assuming t h a t  
t h e  c o n c e n t r a t i o n s  o f  t o t a l  n i t r o g e n  and phosphorous a r e  unchanged upon 
r e a c h i n g  t h e  groundwater t a b l e  (i.e., no s o r p t i o n  by t h e  s o i l )  and 
subsequent m i x i n g  occurs th roughou t  t h e  e n t i  r e  s a t u r a t e d  c r o s s - s e c t i o n  
o f  t h e  a q u i f e r ,  t h e n  t h e  e s t i m a t e d  t h e o r e t i c a l  c o n c e n t r a t i o n  o f  t o t a l - N  
and t o t a l - P  i n  t h e  groundwater t h a t  may be e n t e r i n g  Kokanee Bay i s  
between 0.08 mg/L and 0.74 mg/L f o r  t o t a l - N  and between 0.02 mg/L and 
0.20 mg/L f o r  t o t a l - P .  The above s i m p l i c a t i o n  o f  t h e  t h e o r e t i c a l  
s i t u a t i o n  i s  g i v e n  t o  i l l u s t r a t e  t h e  magnitude o f  n u t r i e n t  l e v e l s  t h a t  
may occur. I n  a c t u a l  f a c t ,  t h e  magnitude o f  n u t r i e n t  l e v e l s  t h a t  may 
o c c u r  i n  t h e  groundwater e n t e r i n g  t h e  spawning grounds a t  Kokanee Bay 
w i l l  depend upon a number o f  f a c t o r s  i n c l u d i n g :  

(a )  t h e  a c t u a l  q u a n t i t y  o f  groundwater f l o w  (Q) o c c u r r i n g  t h r o u g h  t h e  
s e c t i o n  o f  a q u i f e r  (A) t h a t  i s  con taminated  w i t h  e f f l u e n t .  I f  Q 
i s  g r e a t e r ,  more d i l u t i o n  occurs and 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  
decrease down-groundwater g r a d i e n t .  

( b )  t h e  a c t u a l  amount and c o n c e n t r a t i o n  o f  n u t r i e n t  l o a d i n g .  

( c )  t h e  t h i c k n e s s  o f  t h e  s a t u r a t e d  a q u i f e r  t h a t  i s  con taminated  by t h e  
e f  f l  uent .  Acco rd i  ng t o  Dud1 ey and Stephenson (1973), s t u d i e s  have 
shown t h a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  n u t r i e n t s  occur  i n  he 
upper  seve ra l  f e e t  o f  s a t u r a t e d  a q u i f e r .  They f u r t h e r  s t a t e  t h a t  
m i x i n g  o f  e f f l u e n t  and groundwater i s  l i m i t e d  t o  t h e  upper 5 f e e t  
o f  t h e  a q u i f e r  a t  c l o s e  d i s t a n c e s  t o  t h e  a b s o r p t i o n  f i e l d .  

(d)  t h e  hyd rau l  i c g r a d i e n t  (i ). S h a l l  ower g r a d i e n t s  reduce (Q) , 
t h e r e b y  r e d u c i n g  t h e  d i l u t i o n  e f f e c t s .  However, w i t h  s h a l l o w e r  
g r a d i e n t s ,  t h e  groundwater v e l o c i t y  decreases. As a r e s u l t  
con tamina ted  wa te r  i s  r e t a i n e d  i n  t h e  s o i l  l o n g e r ,  t h u s  a l l o w i n g  
more  a d s o r p t i o n  and  p r e c i p i t a t i o n  o f  d i s s o l v e d  n u t r i e n t  
c o n s t i t u e n t s .  

( e )  The h y d r a u l i c  c o n d u c t i v i t y  (K) .  The l a r g e r  t h e  h y d r a u l i c  
c o n d u c t i v i t y ,  t h e  g r e a t e r  t h e  (Q),  and t h e r e f o r e  t h e  more 
e f f e c t i v e  d i l u t i o n  becomes. On t h e  o t h e r  hand, t h e  g r e a t e r  t h e  
(K) ,  t h e  g r e a t e r  t h e  v e l o c i t y  w i l l  be, t h e r e f o r e  reduc ing  t h e  
amount o f  t i m e  a v a i l a b l e  f o r  a d s o r p t i o n  and p r e c i p i t a t i o n .  

( f )  t h e  chemica l /b iochemica l  r e a c t i o n s  w i t h  t h e  u n d e r l y i n g  u n s a t u r a t e d  
and s a t u r a t e d  s o i  1 s. I n  sandy and g r a v e l  l y  m a t e r i  a1 s phosphates 
may e a s i l y  be t r a n s p o r t e d  down-gradient by groundwater. However, 
i f  t h e r e  a r e  smal l  amounts o f  c l a y  m i n e r a l s ,  i r o n  ox ides,  aluminum 
o x i d e s  o r  l i m e s t o n e  p resen t ,  t h e s e  m a t e r i a l s  may f i x  t h e  phos- 
phates i n  t h e  s o i l  t h e r e b y  dec reas ing  t h e  phosphate c o n t e n t  down- 
groundwater g r a d i e n t .  



. ,  

5 

t h e  d i s t a n c e  o f  e f f l u e n t  t r a n s p o r t .  The g r e a t e r  t h e  d i s t a n c e  t h e  
s e p t i c  tank system i s  f rom a wa te r  body, t h e  g r e a t e r  t h e  p o t e n t i a l  
f o r  phosphorous removal by t h e  u n d e r l y i n g  s o i l s ,  and e f f l u e n t  
d i l u t i o n .  

( h )  t h e  chemical  compos i t i on  o f  t h e  l a k e  sediments. Acco rd ing  t o  
Jones and Lee (1977), t h e  i n t e r a c t i o n s  between t h e  sediments i n  
t h e  l a k e  and t h e  n u t r i e n t s  e n t e r i n g  t h e  l a k e  v i a  groundwater f l o w  
( c o u l d )  t e n d  t o  c o n v e r t  b o t h  n i t r o g e n  and phosphorous t o  forms 
u n a v a i l a b l e  f o r  s t i m u l a t i o n  o f  a1 gal  growth. 

The proposed development l o c a t e d  n o r t h  o f  t h e  highway and 
s t r a d d l i n g  Forbes Creek would i n v o l v e  t h e  c o n s t r u c t i o n  o f  a p p r o x i m a t e l y  
37 s e p t i c  t a n k  e f f l u e n t  d i s p o s a l  systems. As shown i n  F i g u r e  5, t h e  
apparen t  d i r e c t i o n  o f  groundwater f l o w  i n  t h e  area i s  p redominan t l y  
f r o m  t h e  development area towards t h e  spawning grounds. Therefore,  
o n l y  a t  t h o s e  s i t e s  l o c a t e d  eas t  o f  Forbes Creek (i.e., w i t h i n  t h e  main 
a q u i f e r )  would t h e  n u t r i e n t  l o a d i n g  f rom s e p t i c  t a n k  e f f l u e n t  
p o t e n t i a l l y  a f f e c t  t h e  wa te r  q u a l i t y  o f  t h e  groundwater emerging i n  t h e  
spawning grounds. Acco rd ing  t o  t h e  development p lans ,  t h e r e  would be 
an i n c r e a s e  of  about 20 s e p t i c  d i s p o s a l  s i t e s  w i t h i n  t h e  boundar ies o f  
t h e  a q u i f e r .  Assuming t h a t  t h e  c o n c e n t r a t i o n s  o f  t o t a l  n i t r o g e n  and 
phosphorous a r e  unchanged upon r e a c h i n g  t h e  groundwater t a b l e  and 
subsequent m i x i n g  occurs w i t h i n  t h e  e n t i r e  c r o s s - s e c t i o n  o f  t h e  
a q u i f e r ,  t h e n  t h e  t h e o r e t i c a l  maximum i n c r e a s e  i n  t h e  t o t a l  N i t r o g e n  
and t o t a l  Phosphorous concent r a t i o n s  r e a c h i n g  Kokanee Bay (assuming no 
s o r p o r t i o n  by a q u i f e r  m a t e r i a l s )  i s  e s t i m a t e d  a t  1.50 mg/L f o r  t o t a l  
N i t r o g e n  and 0.40 mg/L f o r  t o t a l  Phosphorous. I n  r e a l i t y ,  t h e  maximum 
c o n c e n t r a t i o n s  expected would be l e s s  depending upon such f a c t o r s  as 
a d s o r p t i o n ,  t h e  dep th  t o  t h e  wa te r  t a b l e ,  amount and v e l o c i t y  o f  
g roundwater  f l ow ,  d i s t a n c e  between t h e  s e p t i c  t ank  systems and Kokanee 
Bay, e t c .  

4. Other  Sources o f  P o s s i b l e  N u t r i e n t  I n p u t  

The use o f  f e r t i l i z e r s  on lawns and gardens can p r o v i d e  ano the r  
p o s s i b l e  source o f  n u t r i e n t s  i n t o  t h e  groundwater system. 

N i t r o g e n  and phosphorous i n  groundwater can a l s o  occur  i n  nature.  
I n  t h e  s tudy  area, ev idence o f  background l e v e l s  o f  n i t r o g e n  o f  o r g a n i c  
o r i g i n  has been r e p o r t e d  i n  t h e  groundwater emerging f rom S p r i n g  No. 
14, l o c a t e d  u p - g r a d i e n t  o f  any known development. A wa te r  q u a l i t y  
a n a l y s i s  o f  a sample o f  t h e  s p r i n g  w a t e r  showed t h a t  t h e  t o t a l  n i t r o g e n  
o f  0.36 mg/L c o n c e n t r a t i o n  was i n  t h e  fo rm o f  o r g a n i c  n i t r o g e n .  
Background l e v e l s  o f  phosphorous may a l s o  be p resen t  i n  t h e  groundwater 
due t o  t h e  v o l c a n i c  n a t u r e  o f  t h e  u n d e r l y i n g  bedrock. Groundwaters i n  
c o n t a c t  w i t h  t h e  v o l c a n i c  bedrock may p i c k  up n a t u r a l  phosphorous which 
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w d). d be c a r r i e d  down-gradient by groundwater towards t h e  area o f  t h e  
s e p t i c  f i e l d s  and the reby  p o s s i b l y  c o n t r i b u t e  t o  t h e  t o t a l  phosphorous 
c o n t e n t  o f  t h e  groundwater regime. Groundwater q u a l i t y  t e s t i n g  i n  
areas ups lope o f  t h e  e x i s t i n g  s e p t i c  f i e l d s  would be r e q u i r e d  t o  b e t t e r  
de te rm ine  p o s s i b l e  c o n t r i b u t i o n s  f rom n a t u r a l  sources. 

5. A n a l y s i s  o f  Water Q u a l i t y  Test  R e s u l t s  

Samples o f  groundwater were c o l l e c t e d  i n  t h e  summer o f  1982, f rom 
f o u r  w e l l s ,  two s p r i n g s  and f i v e  seepage meters. The values o f  t h e  
v a r i o u s  chemical and p h y s i c a l  parameters measured a re  presented i n  
Table 2. The pH values o f  t h e  samples ranged f rom 7.4 t o  8.3. Values 
i n  t h i s  o r d e r  o f  magnitude a re  considered normal f o r  groundwater and 
would n o t  be expected t o  cause any water  q u a l i t y  problems. 

S p e c i f i c  conductance values ranged f rom 670 t o  760 mhos/cm. 

i n  t h e  area have n o t  been measured, it i s  not  known t o  what e x t e n t  t h e  
s e p t i c  t ank  e f f l u e n t s  a re  c o n t r i b u t i n g  t o  t h e  t o t a l  amounts o f  s a l t s  i n  
groundwater s o l u t i o n .  A measure o f  t h e  s p e c i f i c  conductance o f  Forbes 
Creek a t  t h e  mouth, i n d i c a t e d  a va lue o f  393pmhos/cm. A comparison 
between t h i s  va lue  and t h e  values r e p o r t e d  from groundwater samples 
i n d i c a t e s  t h a t  t h e r e  may be some con tamina t ion  o f  t h e  groundwater by 
s e p t i c  t ank  e f f l u e n t .  

S ince background l e v e l s  o f  s p e c i f i c  conductance o f  groundwa c" e r  samples 

The t o t a l  N i t r o g e n  c o n c e n t r a t i o n s  range between 0.31 and 7.00 
mg/L. Concen t ra t i ons  o f  t h i s  magnitude a r e  n o t  cons idered excess ive 
f o r  water  supply  purposes. O f  t h e  e leven sampl ing s i t e s ,  f i v e  s i t e s  
(Well  No. 10, Sp r ing  No. 13, Seepage Meters 1, 6 and 7 )  had r e p o r t e d  
t o t a l  n i t r o g e n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h e  t h e o r e t i c a l  maximum 
a n t i c i p a t e d .  T h i s  i m p l i e s  t h a t  t hese  s i t e s  a r e  l i k e l y  s i t u a t e d  c l o s e  
t o  t h e  sources o f  t h e  n u t r i e n t s .  I n  t h e  case o f  Well No. 10 and S p r i n g  
No. 13, (bo th  s i t e s  l o c a t e d  near  t h e  s h o r e l i n e  and downslope o f  
e x i s t i n g  r e s i d e n t i a l  development) t h e  predominant forms o f  n i t r o g e n  
were found t o  be ammonia and n i t r i t e - n i t r a t e ,  r e s p e c t i v e l y .  Since 
e f f l u e n t s  f rom s e p t i c  t anks  systems no rma l l y  c o n t a i n  l a r g e  q u a n t i t i e s  
o f  n i t r o g e n  i n  t h e  form o f  ammonia (among o t h e r  c o n s t i t u e n t s ) ,  t h e  
n i t r o g e n  c o n c e n t r a t i o n s  found i n  Well  No. 10 and S p r i n g  No. 13 a r e  most 
l i k e l y  d e r i v e d  f rom nearby s e p t i c  tank e f f l u e n t  sources. I n  t h e  case 
o f  seepage meters 1, 6 and 7, t h e  predominant form o f  n i t r o g e n  was 
found t o  be o rgan ic  n i t r o g e n .  The ammonia-nitrogen c o n c e n t r a t i o n s  i n  
Seepage meters 1 and 7 were a l s o  r e p o r t e d  r e l a t i v e l y  h i g h  (i.e., 0.668 
and 0.220 mg/L as compared t o  l e s s  than  0.007 mg/L f o r  t h e  o t h e r  
seepage meter samples). S ince o rgan ic  n i t r o g e n  i s  a l s o  a major  c o n s t i -  
t u e n t  o f  s e p t i c  tank e f f l u e n t  t hen  i t s  presence a l o n g  w i t h  s i g n i f i c a n t  
concent r a t i o n s  o f  ammoni a -n i  t rogen , suggests t h a t  t h e  n i t r o g e n  concen- 
t r a t i o n s  found i n  samples o f  t h e  groundwater f rom seepage meters 1 and 
7 a r e  most l i k e l y  d e r i v e d  from nearby s e p t i c  t ank  e f f l u e n t  sources. 
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The absence o f  any s i g n i f i c a n t  amount o f  ammonia-nitrogen i n  t h e  sample 
o f  roundwater f rom seepage meter 6 suggests t h a t  t h e  n i t r o g e n  concen- 
t a o n  a t  t h i s  s i t e  (being predominant ly  i n  t h e  o rgan ic  form) may be 
d e r i v e d  f rom another  source o f  n u t r i e n t ,  o t h e r  than  s e p t i c  t ank  
e f f l u e n t ) .  

The t o t a l  phosphorous values ranged between 0.009 mg/L and 0.411 
mg/L. O f  t h e  w e l l s  and s p r i n g s  sampled, t h e  phosphorous was found t o  
be g e n e r a l l y  i n  t h e  s o l u b l e  orthophosphate form. The phosphorous 
c o n c e n t r a t i o n  o f  t h e  groundwater r e p o r t e d  i n  Well  No. 10 (0.411 mg/L) 
exceeded t h e  t h e o r e t i c a l  maximum (0.20 mg/L) a n t i c i p a t e d .  Th is  h i g h  
phosphorous va lue  suggests a nearby s e p t i c  t ank  e f f l u e n t  source. Since 
background l e v e l s  o f  phosphorous i n  t h e  area a re  no t  known, i t  i s  no t  
known how much o f  t h e  phosphorous present  i n  t h e  groundwater can be 
a t t r i b u t e d  t o  s e p t i c  t ank  e f f l u e n t  sources. However, due t o  t h e  
permeable n a t u r e  o f  t h e  u n d e r l y i n g  sand and g rave l  sediments which have 
r e l a t i v e l y  low a d s o r p t i v e  c a p a c i t y  f o r  phosphorous, and t h e  p r o x i m i t y  
o f  t h e  sampl ing s i t e s  t o  s e p t i c  t ank  systems, i t  i s  no t  improbable t h a t  
a s i g n i f i c a n t  percentage o f  t h e  phosphorous c o n c e n t r a t i o n  r e p o r t e d  i s  
d e r i v e d  f rom s e p t i c  t ank  e f f l u e n t  sources. Resu l t s  o f  n u t r i e n t  
analyses on samples o f  l a k e  water  taken  by T e r r e s t r i a l  S tud ies  Branch 
s t a f f  i n  August 1981, i n d i c a t e d  t h a t  t h e  t o t a l  phosphate c o n c e n t r a t i o n  
i n  t h e  spawning area o f  Kokanee Bay was 0.013 mg/L. R e s u l t s  o f  water 
q u a l i t y  analyses on samples o f  groundwater taken  from t h e  seepage 
meters l o c a t e d  i n  t h e  spawning area showed t h e  c o n c e n t r a t i o n  o f  t o t a l  
phosphorous t o  range between 0.048 mg/L and 0.188 mg/L. T h i s  
d i f f e r e n c e  i n  c o n c e n t r a t i o n s  suggests t h e  source o f  phosphorous i s  up- 
g r a d i e n t ;  most l i k e l y  f rom t h e  nearby s e p t i c  t ank  e f f l u e n t  sources. 

Conclus ions and Recommendations 

Groundwater i s  d i s c h a r g i n g  i n t o  t h e  Kokanee Bay area o f  Lac La 
Hache a t  an es t ima ted  r a t e  o f  between 90 USgpm and 1100 USgpm and 
moving a t  an es t ima ted  average v e l o c i t y  o f  between 3 f e e t  per  day and 
40 f e e t  per  day. 

Based on an a n a l y s i s  o f  t h e  a v a i l a b l e  data, it i s  ev iden t  t h a t  
s e p t i c  t ank  e f f l u e n t  i s  c o n t r i b u t i n g  t o  n u t r i e n t  l o a d i n g s  i n  t h e  
groundwater and s u r f a c e  water  o f  t h e  Kokanee Bay area. A t  present,  i t  
appears t h a t  t h e r e  a re  12 s e p t i c  t ank  systems l o c a t e d  w i t h i n  500 f e e t  
o f  t h e  spawning grounds. It i s  es t ima ted  t h a t  t h e  c o n c e n t r a t i o n  o f  
N i t r o g e n  and Phosphorous i n  t h e  groundwater d i s c h a r g i n g  i n t o  Kokanee 
Bay, as a r e s u l t  o f  t h e  n u t r i e n t  i n p u t  f rom t h e  above s e p t i c  tank 
systems, i s  l e s s  than  0.78mg/L o f  t o t a l  N i t r o g e n  and l e s s  than  0.20 
mg/L o f  t o t a l  Phosphorous. R e s u l t s  o f  water  q u a l i t y  analyses of 
samples o f  groundwater f rom we1 1 s, s p r i n g s  and groundwater seepage 
meters i n d i c a t e  t h a t  a t  some o f  t h e  s i t e s  t e s t e d ,  t h e  t o t a l  N i t r o g e n  
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and t o t a l  Phosphorous c o n c e n t r a t i o n s  exceed t h e  t h e o r e t i c a l  e s t i m a t e s ,  
s u g g e s t i n g  nearby sources o f  n u t r i e n t s .  

The a d d i t i o n a l  amount o f  n u t r i e n t  g a i n  t o  t h e  groundwater  
d i s c h a r g i n g  i n t o  Kokanee Bay t h a t  may be expected f r o m  s e p t i c  t a n k  
e f f l u e n t ,  as a r e s u l t  o f  t h e  proposed development i s  e s t i m a t e d  a t  l e s s  
t h a n  1.50 mg/L t o t a l  N i t r o g e n  and l e s s  t h a n  0.40 mg/L t o t a l  
Phosphorous. 

To o b t a i n  more a c c u r a t e  e s t i m a t e s  o f  t h e  groundwater  f l o w  i n  t h e  
a r e a  and t h e  p o t e n t i a l  e f f e c t s  o f  t h e  p r e s e n t  s h o r e l i n e  develoment on 
t h e  q u a l i t y  o f  groundwater  emerging i n  Kokanee Bay, f u r t h e r  f i e l d  d a t a  
r e g a r d i n g  t h e  d i r e c t i o n  and amount of groundwater  f l o w ;  t h e  t y p e  and 
d i s t r i b u t i o n  o f  u n d e r l y i n g  sediments;  t h e  amount of n u t r i e n t s  b e i n g  
a p p l i e d  t o  t h e  groundwater  system; and t h e  q u a l i t y  o f  groundwater  and 
s u r f a c e  w a t e r  down g r a d i e n t  f rom t h e  p r e s e n t  development 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  w i l l  be r e q u i r e d .  I n  o r d e r  t o  o b t a i n  t h e  above data,  
t h e  f o l l o w i n g  f i e l d  program i s  recommended: 

(1) a s i t e  i n v e s t i g a t i o n  o f  t h e  area t o  c o n f i r m  g e o l o g i c  c o n d i t i o n s ;  

(2)  a survey  o f  t h e  r e s i d e n t s  u t i l i z i n g  s e p t i c  t a n k  d i s p o s a l  systems, 
t o  de termine w a t e r  consumption r a t e s  so t h a t  a b e t t e r  e s t i m a t e  o f  
t h e  amount o f  sewage l e a v i n g  t h e  s e p t i c  t a n k  may be determined;  

(3 )  t h e  c o n s t r u c t i o n  o f  f o u r  6 - i n c h  d iameter  m o n i t o r  w e l l s  l o c a t e d  as 
shown i n  F i g u r e  6. A t  t h r e e  of t h e  s i t e s  ( i d e n t i f i e d  w i t h  a 
l e t t e r  t h e  w e l l s  would be d r i l l e d  t o  a n t i c i p a t e d  depths o f  40 
f e e t  o r  app rox ima te l y  15  f e e t  below t h e  water  t a b l e .  I n  each o f  
t h e s e  w e l l s ,  t h r e e  2 - i n c h  d iameter  p l a s t i c  (PVC)  p iezometers  would 
be i n s t a l l e d  a t  depths o f  about 5 f e e t ,  10 f e e t  and 15 f e e t  be low 
t h e  w a t e r  t a b l e .  These p iezometers  would p r o v i d e  f o r  t h e  measure- 
ments o f  p e r i o d i c  (month ly)  w a t e r  l e v e l  s; q u a r t e r - a n n u a l  w a t e r  
q u a l i t y  s a m p l i n g ;  and f o r  t h e  d e t e r m i n a t i o n  o f  a q u i f e r  
p e r m e a b i l i t y  f rom s l u g  t e s t s .  Water q u a l i t y  samples w i l l  be 
ana lyzed f o r  n u t r i e n t  c o n s t i t u e n t s  ( N i t r o g e n  and Phosphorous), pH, 
S p e c i f i c  Conductance, sodium, i r o n ,  aluminum, a l k a l i n i t y  and 
s u l f a t e .  The approx imate  c o s t  o f  c o n s t r u c t i n g  t h e s e  p iezometers 
i s  e s t i m a t e d  a t  $2,000 p e r  s i t e ,  e x c l u d i n g  s u p e r v i s o r y  c o s t s .  

"P" ,  

A t  t h e  f o u r t h  s i t e  ( i d e n t i f i e d  w i t h  a l e t t e r  "M"), t h e  w e l l  would 
be d r i l l e d  t o  an a n t i c i p a t e d  depth  o f  60 f e e t  o r  u n t i l  bedrock i s  
encountered.  D r i l l i n g  o f  t h e  w e l l  w i l l  p r o v i d e  an i d e a  o f  t h e  
1 oca1 s t r a t i g r a p h y  and t y p e s  o f  u n d e r l y i n g  s o i  1 s. A f t e r  
c o m p l e t i o n  o f  w e l l  c o n s t r u c t i o n ,  a pumping t e s t  w i l l  p r o v i d e  d a t a  
f o r  t h e  d e t e r m i n a t i o n  o f  a q u i f e r  parameters (i .e., t r a n s m i s s i v i t y ,  
s t o r a t i v i t y ,  e tc . ) .  I n i t i a l l y  t h e  w a t e r  l e v e l  measured i n  t h e  



9 

@ w e l l  w i l l  a s s i s t  i n  t h e  d e t e r m i n a t i o n  o f  t h e  a q u i f e r ' s  h y d r a u l i c  
g r a d i e n t .  Subsequent ly,  t h e  water  l e v e l  would be mon i to red  
c o n t i n u o u s l y  f o r  a t  l e a s t  one y e a r  t o  de termine t h e  amount o f  
groundwater  l e v e l  f l u c t u a t i o n  w i t h  t ime.  Cont inuous m o n i t o r i n g  
w i l l  r e q u i r e  t h e  i n s t a l l a t i o n  o f  an au tomat i c  wa te r  l e v e l  
reco rde r .  The w e l l  w i l l  a l s o  p r o v i d e  f o r  p e r i o d i c  (semi-annual ) 
w a t e r  q u a l i t y  sampl ing,  f o r  t h e  above-mentioned parameters.  
R e s u l t s  o f  t h e  w a t e r  q u a l i t y  a n a l y s e s  w i l l  be u s e f u l  i n  
a s c e r t a i n i n g  background l e v e l s  o f  n u t r i e n t  c o n s t i t u e n t s .  The 
approx imate  c o s t  o f  comp le t i ng  t h i s  w e l l  and p e r f o r m i n g  a 24-hour 
pumping t e s t  i s  es t ima ted  a t  $6,000, no t  i n c l u d i n g  s u p e r v i s o r y  
cos ts .  

(4) t h e  i n s t a l l a t i o n  o f  s i x  groundwater  seepage meters l o c a t e d  j u s t  
' o f f - s h o r e  o f  Kokanee Bay, as shown i n  F i g u r e  6. The purpose o f  

u s i n g  t h e s e  "meters"  l o c a t e d  c l o s e r  t o  t h e  shore t h a n  p r e v i o u s l y ,  
i s  t o  de termine t h e  v a r i a t i o n  i n  t h e  seepage f l o w  r a t e s  i n  t h e  
area.  These "meters"  w i l l  a l s o  p r o v i d e  f o r  q u a r t e r  annual water  
qua l  i t y  sampl i ng f o r  t h e  above-mentioned parameters.  The c o s t  o f  
s u p p l y i n g  and i n s t a l l i n g  these  "meters"  would be min imal .  

The above proposed f i e l d  s tudy  would p r o v i d e  a d d i t i o n a l  da ta  
necessary t o  b e t t e r  e v a l u a t e  t h e  p resen t  e f f e c t s  o f  s e p t i c  t a n k  
e f f l u e n t  d i s p o s a l  i n  t h e  Kokanee Bay area, and i n  e v a l u a t i n g  t h e  
p o s s i b l e  e f f e c t s  o f  t h e  proposed development f u r t h e r  ups lope of t h e  
p r e s e n t  s h o r e l i n e  development. It i s  recommended t h a t  t h e  f i e l d  
m o n i t o r i n g  be c a r r i e d  o u t  f o r  a t  l e a s t  one year ,  a f t e r  which t h e  da ta  
c o l l  e c t e d  can be ana lyzed and f u r t h e r  comments and recommendations 
prepared.  

Marc Zubel 
Geo log ica l  Eng ineer  
Groundwater S e c t i o n  
Water Management Branch 
387- 11 15 

MZ/dma 
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We1 1 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

'H16 
'H29 

26 
105 
66 
60 
65 
60 
66 
40 
30 
30 
45 
70 
- 
- 
- 

140 - 
- 
60 - 
- 
- 

102 
12 
94 
80 
80 
150 
84 - 
- 
- 
32 
18 
15 

10 
35 
26 
18 

- 

TABLE 1 

Summary o f  We1 1 I n f o r m a t i o n  

Depth t o  
Water (ft. ) 

- 
15 
28 

50 
21 
28 
5 
15 

- 

- 
33 

- 
20 
6 
40 

- 
24 

- 
4 
6 

+26 
12 

Es t  i mated 
Y i e l  d,gpm Comments 

Bedrock a t  16' 
Bedrock a t  60' 
I n t o  gravel  a t  bot tom 
From recen t  survey 
T i l l  capped 
T i l l  capped 
T i l l  capped 
Bedrock a t  30' 
Bedrock a t  25' 
Only f o r  i rri g a t i n g  lawn 
From r e c e n t  survey 
I.R.#7 we1 1 
Spr ing, a t  l a k e  l e v e l  
Sp r ing  
Spr ing  
Bedrock a t  47' 
Spr ing  
Spr ing  
From recen t  survey 
Well capped, no t  i n  use 
Spr ing  
From recen t  survey 
Bedrock a t  80' 
Dug we1 1 
Bedrock a t  34' 
Bedrock a t  65' 
Bedrock a t  40' 
Repor ted ly  d r y  
Domestic use 
Spr ing  
From recen t  survey 
From recen t  survey 
6 i n c h  w e l l  
3' dug w e l l  
3' x 3' w e l l  
Dug w e l l ,  n o t  i n  use 
Dug we1 1 
From recen t  survey 
Highways t e s t  hole,  s & g 
Highways t e s t  hole,  s & g 



Sampl i ng 
S i t e  

0.12 
0.15 
1 .oo 
0.15 

0.19 
0.36 

Well  (No.8) 
Well  (No.9) 
Well  (No.10) 
Well  (No.11) 

0.31 0.120 
0.77 0.030 
7.00 0.122 
0.71 0.029 

1.02 0.025 
0.36 0.003 

S p r i n g  (No.13) 
S p r i n g  (No. 14) 

1.50 

0.71 

0.48 

0.89 

1.02 

Seepage 
Meter  1 
Seepage 
Meter  3 ' 

Seepage 
Meter  4 
Seepage 
Meter 6 
Seepage 
Meter  7 

2.00 L0.003 

0.71 L0.003 

0.48 L0.003 

0.89 0.016 

1.24 L0.003 

PH 

8.1 
8.0 
7.4 
7.9 

7.7 
8.3 

- 
- 
- 
- 
- 
- 

1 

Spec. 
Cond. 

687 
67 0 
7 29 
670 

749 
7 60 

- 

- 
- 

- 
- 

TABLE 2 

Water Qual  i t y  Data Summary 

N i t r o g e n  : 
Ammonia 
(NH3 o r  NH4) 

LO. 005 
L0.005 

4.340 
L O .  005 

0.009 
LO. 005 

0.668 

L0.007 

LO. 005 

L0.005 

0.220 

N i t r i t e  

0.19 
0.57 
1.80 
0.56  

0.82 
LO.02 

LO.02 

LO. 02 

LO. 02 

LO. 02 

LO.02 

Phosphorous: I 
T o t a l  

0.126 
0.030 
0.411 
0.032 

0.030 
0.009 

0.110 

0.099 

0.048 

0.188 

0.052 

Note:  - Values r e p o r t e d  as mg/L except  pH, Spec. Cond. 
- L o c a t i o n s  o f  We l l s  and S p r i n g s  i n  F i g u r e  2 
- L o c a t i o n s  o f  Seepage Meters i n  F i g u r e  5 


