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ABSTRACT 

A bac te r io log i ca l   su rvey  o f  t h e   b i v a l v e  mol 1 uscan s h e l l   f i s h  

grcwing  waters   a long  the  east   s ide  o f   Saanich  Peninsula,   f rom  Cur te is  

Po in t   t o   Te leg raph  Cove was conducted  from November 4 - 30, 1979 by the 

Emi ronmenta l   Pro tec t ion   Serv ice .   Add i t iona l  sampl i n g  was conducted 

f r c l m  January 14 - 17, 1980 i n   s e l e c t e d   p o r t i o n s   o f   t h e   s t u d y   a r e a .  The 

survey was conducted t o  c l a s s i f y   t h e   s h e l  1 f ish  growing  waters   as t o  

t h e i r   a c c e p t a b i l i t y   f o r   t h e  purpose o f   s h e l l f i s h   h a r v e s t i n g .  A s a n i t a r y  

survey was conduc ted   concu r ren t   w i th   t he   bac te r io log i ca l   s tudy   t o  

i d e n t i f y  and eva lua te   t he   sou rces   o f   f eca l   po l l u t i on   t o   t he   mar ine  

waters. 

During  the  study, 640 marine,  155  freshwater and 1 7  e f f l u e n t  

samples  were c o l l e c t e d   a t  93, 27 and 4 sample s t a t i o n s   r e s p e c t i v e l y .  

Twenty-n ine  percent   o f   the  mar ine  s ta t ions  d id   not   meet   the  approved 

she l l   f i sh   g rowing   water   s tandards .  The major  sources o f   c o n t a m i n a t i o n  

included  discharges  from  the  Sidney Water Po l l u t i on   Con t ro l   Cen t re ,  

Bazan Bay  Sewage Treatment P l  ant,  Central  Saanich Water P o l l   u t i o n  

Cont ro l   Cent re ,   F inner ty  Cove Sewage O u t f a l l  , and contaminated  storm 

d re inage   d i scha rg ing  to Cordova Bay. 

As a r e s u l t  o f  t h i s   s u r v e y ,  amendments t o   t h e   P a c i f i c  

She1 1 f i s h  Regul a t i o n s  Schedul e I (contaminated  areas)  are  proposed. 

These amendments will inc rease   t he   s i ze   o f   t he   ex i s t i ng   she l  1 f i s h  
c l o s u r e  and  add a new c losure .  



RESUME 

Le  Serv ice de l a  p r o t e c t i o n  de l 'environnelnent a e f fectuE,   du 

4 au 30 novembre  1979, une Gtude b a c t i i r i o l o g i q u e  des  eaux oil croissen; 

des mol 1 usques b i v a l v e s ,   l e   l o n g  de l a  cCte  est  de l a  pi ini   nsule  Saanich, 

depu is   Cur te i s   Po in t   j usqu ' i   Te leg raph  Cove. Un au t re   Gchant i l   lonnage a 

E t6  f a i t  du 14 au 1 7  j a n v i e r  1980 s d i f f i i r e n t s   p o i n t s  de c e t t e  zone. 

L 'E tude   ava i t   pou r   ob je t  de c l a s s e r   l e s  eaux oii c r o i s s e n t   l e s  

mol1  usques,  selon  qu'el l   es  sont ou non propres 'a l e u r  pZche. Une Etude 

s a n i t a i r e  e E t i i  e f fectuEe  en mlerne temps  que l ' 6 t u d e   b a c t G r i o l o g i q u e   p o u r  

i d e n t i f i e r   e t   g v a l u e r   d i f f g r e n t e s  formes  de p o l l u t i o n  des  eaux  de l a  mer 

par   les   i igou ts .  

Au c o w s  de 1 'Etude, on a p rE lev6   respec t i  vement 640, 155 3 
1 7  E c h a n t i l l o n s  dans 93 s ta t i ons   mar ines ,  27 s t a t i o n s   d l e a u  douce e t  4 
s t a t i o n s  de  diiversernent. Vi ngt-neuf  pour  cent des s ta t ions   mar ines   n?  

rGpondaient pas  aux  norrnes G tab l i es   pou r   l es  eaux oii c r o i s s e n t   l e s  

mo l lusques.   Les   p r inc ipa les   sources   de   con taminat ion   son t   les   dkhets  

r e j e t E s   p a r   l e   c e n t r e  de contr lo le   de l a  p o l l u t i o n  des  eaux  de Sidney, l e  

c e n t r e  de t r a i t e m e n t  des  eaux d 'ggout  de  Bazan Bay, l e   c e n t r e  de 

contr lol e de 1 a pol 1 u t   i o n  des  eaux  de Central  Saanich, 1 ' i igout  de 

di icharge  de  Finnerty Cove e t   l a  dEcharge  des  eaux  de p l   u ie   contamin i ies 

de  Cordova Bay. 

S u i t e  'a c e t t e  &tude, c e r t a i n s  changements do ivent   le t re  

apportEs 'a 1 ' annexe  (zones  contaminkes) des  R6gl  ements  re1 a t   i f s  S 1 a 

pEche  des rnollusques  dans l e   P a c i f i q u e .  Ces m o d i f i c a t i f s   p r 6 v o i e n t  une 

ex tens ion  des  zones i n t e r d i t e s  2 l a  pZche  aux mol lusques  e t  1 ' a d d i t i o n  

d '  une nouve l l  e zone i n t e r d i t e .  
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1. P o r t i o n s   o f   t h e   t i d a l   f o r e s h o r e   o f   R o b e r t s  Bay are  contaminated 

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

mol 1 uscan  shel 1 f i s h   c o u l d  pose a heal th   hazard.  The s o u r c e   o f  

contaminat ion was i d e n t i f i e d  as a m a j o r   d r a i n a g e   c u l v e r t .   I n  

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

Roberts Bay th rough   th ree  sewage lift s t a t i o n  emergency over f lows 

t h a t   d i s c h d r y e   a t  an  unknown frequency  and f o r  an unknown dura- 

t i o n .  Due t o   t h e   i n a d e q u a t e  pump malfunction  warning  systems  and 

s ta t ions ,   the   aquat ic   env i ronrnent  these 

2 .  

l a c k   o f   d u x i l   i a r y  power a t  

i n  Roberts Bay i s  n o t   s u f f  

h a r v e s t i n g   o f   s h e l  1 f i  sh. 

i c i e n t l y  safeguarded t o   p e r m i t   t h e  

P o r t i o n s   o f   t h e   t i d a l   f o r e s h o r e   f r o n t i n g   t h e  Town o f   S i d n e y   a r e  

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

o f  b i v a l v e  mol1  uscan s h e l l   f i s h   c o u l d  pose a heal th   hazard.  The 

major   source   o f   con taminat ion  was t h e   d i s c h a r g e   o f   t r e a t e d  sewage 

f rom  the   S idney   Water   Po l l   u t ion   Cont ro l   Cent re  (WPCC) . The impact 

on   t he   rece iv ing   wa te rs  as a r e s u l t   o f   s t o r m   w a t e r   d i s c h a r g e s  was 

n o t  measured  due t o   t h e   l a c k  o f  p r e c i p i t a t i o n   d u r i n g   t h e   s u r v e y .  
Previous  data  obtained  from  other  sources  would  indicate  water 

qual i t y  would  worsen  under  wet  weather  condit ions. 

3. A l though   samp le   s ta t i ons   l oca ted   no r th   o f   t he   S idney  WPCC 
d ischarge met the   she l  1 f i s h   g r o w i  ny   water   s tandard ,   the   t ida l  

fo reshore  i s  s u b j e c t   t o  sewage c o n t a m i n a t i o n   o f  an  unknown 

f requency  and  durat ion  f ro i l l   two sewage l i f t  s t a t i o n  emergency 

o v e r f l  ows.  Due t o   t h e   i n a d e q u a t e  pump mal funct ion  warn ing  systems 

and t h e   l a c k  o f  a u x i l i a r y  power, the  aquat ic  environr l lent  i s   n o t  

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

The d ischarge o f  storrrl  drainage t o   t h i s   a r e a  has an  unknown impact 

on   t he   rece iv ing   wa te rs .  

& 
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4. The marine  water  qual i t y  i n   t h e   v i c i n i t y  of Reay Creek met t h e  

approved  growing  water  standard.  However,  during  wet  weather  con- 

d i t i ons   t he   mar ine   wa te rs  may be  sub jec t   to   unacceptab le   leve l  s of 
feca l   contaminat ion.  

5. The t i d a l   f o r e s h o r e   i n   t h e   v i c i n i t y  o f  t h e  Bazan  Bay  sewage t r e a t -  

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

ex ten t   t ha t   t he   consumpt ion   o f   b i va l ve   mo l1  uscan she1 1 f i s h  can 

pose a hea l th   hazard .   A l though  the   con taminat ion  was r e s t r i c t e d  

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

o ther   sources   ind ica tes   unacceptab le   feca l   po l  1 u t i o n   e x t e n d s   a t  

l e a s t  2000 m south   o f   the   d ischarge.  It i s  expec ted   tha t  wet 

weather   f lows  th rough  s to rm  d ra ins  and poss ib l y   t he   t rea t r i l en t  

p l   a n t  i s  t h e  cause o f   t he   poo re r   wa te r   qua l  i t y  no ted   by   o ther  

i n v e s t i g a t o r s .  

6 .  The t i d a l   f o r e s h o r e   o f   S a a n i c h t o n  Bay net   the  approved  growing 

water  standard. However, the   bay  i s  sub jec t   t o   f eca l   con tamin -  

a t i on   f ro in   t he   f o l l ow ing   sou rces :  

( i )  Sewage d ischarged  f rom  four  1 i f t  s t a t i o n  emergency  over- 

f lows.  The frequency and d u r a t i o n   o f  such  discharges i s  

n o t  known. 

( i i )   A g r i c u l t u r a l  r u n - o f f  i n  Sand Hill  C r e e k   d u r i n g  wet 

weather  per iods.  

( i i i )   I n t r u s i o n   o f  sewaye d ischarged  by  the  Centra l  

Saanich WPCC. 

( i v )  Sewage discharged  f rom  anchored  log boorning vessels. 

Due t o   t h e   i n a d e q u a t e  pump malfunction  warning  systems  and 

l a c k   o f   a u x i l i a r y  power a t   t h e  l i f t s t a t i o n s ,  and t h e  unknown 

f r e q u e n c y   o f  sewage i n t r u s i o n  f rom the  Centra l   Saanich WPCC, t h e  

aquat ic   env i ronment   o f   Saanichton Bay i s   n o t   s u f f i c i e n t l y   s a f e -  

guarded t o  pe rm i t   t he   ha rves t i ng  o f  s h e l l f i s h .  
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7. The d i s c h a r g e   o f   t r e a t e d  sewage f rom  the  Centra l   Saanich WPCC 

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

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

she l l f i sh   g rowing   water   s tandards   a re   exceeded  over  a g rea ter   a rea  

than   t ha t   obse rved   du r ing   t h i s   su rvey .  The poorer  water  qual  i t y  

presumably  occurs  dur ing wet wea the r   f l ows   t h rough   the   p lan t .  

8. The t i d a l  foreshore  waters   on  the  west   s ide  o f  James I s land ,  and 

t h e   w a t e r s   o v e r l y i n g  James S p i t  were o f   acceptab le   qua l  i t y  f o r   t h e  

purpose o f   s h e l  1 f i s h   h a r v e s t i n g .  

9. The t ida l   fo reshore   waters   f rom  the   sou thern  end o f   I s l a n d   V i e w  

Beach t o  Sayward  Beach  were o f   acceptab le   qua l  i t y  f o r   t h e   p u r p o s e  

o f   s h e l  1 f i s h   h a r v e s t i n g .  

10. The waters  and t i d a l   f o r e s h o r e   o f  Cordova  Bay a r e   s u b j e c t   t o   f e c a l  

p o l l u t i o n   t o   t h e   e x t e n t   t h a t   c o n s u m p t i o n   o f   b i v a l v e   m o l l  uscqn 

s h e l l f i s h   c a n  pose a h e a l t h  hazard. The cause o f   t h e   p o l l u t i o n  

i s  contaminated  storm  drainage  which i s  a1 ways present   but   which 

has a greater   impact  on the   aquat ic   env i ronment   dur ing  wet  weather 

cond i t i ons .  The s o u r c e   o f   c o n t a m i n a t i o n   t o   t h e   s t o r m   d r a i n s  has 

been i d e n t i f i e d  as f a u l t y   o n - s i t e  sewage disposal  systems. The 

s o u t h e a s t e r n   p o r t i o n   o f  Cordova Bay and  Gordon Head are  a1 so sub- 

j e c t   t o   r a w  sewage Contaminat ion   resu l t ing   f rom  th ree  sewaye l i f t  

s t a t i o n  emergency over f lows,  and from a major  drainage  stream. 

11. The t i d a l   f o r e s h o r e   f r o m  Gordon Head t o  Telegraph Cove i s  contam- 

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

valve  mol1  uscan  shel 1 f i s h   c o u l d  pose a heal th   hazard.  The source 

o f   c o n t a m i n a t i o n   i s   t h e   d i s c h a r g e  o f  comminuted r a w  sewage from 

t h e  F i  n n e r t y  Cove o u t f a l l .   T h i s   a r e a  i s  a1 so s u b j e c t   t o  contam- 

i n a t i o n   f r o m  two sewage l i f t  s t a t i o n  emergency  overflows. 
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SCHEDULE I CLOSURES 

The f o l l o w i n g  amendments t o   t h e   P a c i f i c   S h e l l f i s h   R e g u l a t i o n s ,  

Schedule I (contaminated  areas)  are  proposed: 

1. Amend Schedule I, Closure Area 19-3 a s  f o l l o w s :  

"Area 19-3. The t i d a l   f o r e s h o r e  on the   eas t   s ide  o f  Saanich 

Peninsul a ,  Area 19, from  the  Saanich  Peninsula - P ie rs   I s1  and 

cable  marker,  on the  shore  of  Saarl ich  Peninsula,  southward t o  a 

p o i n t  1000 meters  south o f  the  boat- launching ramp a t  Is land  V iew 

Beach." 

2. Add t o  Schedule I t h e   f o l l o w i n g   c l o s e d   a r e a :  

"Area 19-4. The t i d a l   f o r e s h o r e  on the   eas t   s ide   o f   Saan ich  

Peninsul a,  Area 19, l y i n g   f r o m  a point   on  shore  para1 1 e l   w i t h  

t h e   n o r t h e r n  end o f  Parker Road, Cordova Bay, southward t o  Ten 

Mi 1 e Po in t  .I' 

The proposed  c losures  are ill u s t r a t e d   i n   F i g u r e  1. 



W 

-x i i -  



- 1 -  

1 INTRODUCTION 
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The Saanich  Peninsula,   located  nor th   o f   V ic tor ia  on  Vancouver 

I s l a n d ,   i s  a l a rge   p ro jec t i on   o f   l and   bo rde red  on t h e  west s ide  by 

Saanich I n l e t  and  on the  east   s ide  by Haro S t r a i t .  Due t o   i t s   p r o x i m i t y  
t o   V i c t o r i a ,   t h e   p e n i n s u l a  has become  a major   res ident ia l   a rea  and 
together  wi th  acjr icul   ture,   these  two  land uses predowinate  at  present. 

The coas ta l   a reas   o f   the   pen insu la   a re  a rnix o f   rocky   coas t1   i ne  and 
na tura l  beaches and prov ide  a cons iderable  area  for   recreat ional  
pursu i ts .  

The s tudy   a rea   ( f i gu re   1 )   i s   compr i sed   o f   t h ree   mun ic ipa l i t i es  
and one townsh ip :   the   Mun ic ipa l i t y  o f  North  Saanich,  the  Municipal i ty 
o f   C e n t r a l  Saanich, t h e   M u n i c i p a l i t y   o f  Saanich and t h e  Town o f  Sidney. 

The  1976 census b y   S t a t i s t i c s  Canada  and the   p ro jec ted  1996 populat ions 
der ived  f rom  the  Off ic ia l   Regional   Plan  (1)  are  presented i n  Table 1. 

These pro jec t ions   ind ica ted   tha t   cons iderab le   y rowth   i s   expec ted   in   the  
Saanich  Peninsula  area and concomi tant   wi th   th is   growth will be 

increased  requirements  for   services and potent ia l ly   increased  pressures 
on   the   aquat ic   env i ronment ,   spec i f i ca l l y   w i th   respec t   to   the   mar ine  
d i scha rye   o f   mun ic ipa l   e f f l uen t .  

TABLE 1 E X I S T I N G  (1976) AND PROJECTED POPULATION 

S T A T I S T I C S  FOR STUDY AREA 

1976 CENSUS 1996 PROJECTION % INCREASE 

NORTH SAANICH 4  697 7 000 

SIDNEY 6 732 9 500 

CENTRAL SAANICH 7 413 11 500 

SAANICH 73  383 143 000 

49 
41 
55 
95 



The study  descr ibed  here in  was conducted t o  assess t h e  
bac te r io log i ca l   qua l i t y   o f   she l l f i sh   g row ing   wa te rs  on the  eastern 
coast1  ine  of   Saanich  Peninsula and t o   i d e n t i f y  and eval   uate  the  major 
sources o f   bac te r ia l   con tamina t ion   t o   t he   s tudy  area. A s h e l l f i s h  
growing  water  study o f  Saanich I n l e t  has  been prev ious ly   descr ibed ( 2 ) .  

The c l a s s i f i c a t i o n  o f  she l l f i sh   g row ing   wa te r   qua l i t y   i s  a requirement 
o f   t h e  Canadian She1 1 f i s h   S a f e t y  Progralll and i s  undertaken i n  a1 1 areas 
where bivalve  mol luscs  are  taken  cornrnercial ly  or   recreat ional ly.  I n  
t h i s   s p e c i f i c  case,  data  obtained  from  this  study  would  also  provide 
base1 i n e  i n f o m a t i o n   t o  assess t h e  impact o f  proposed f u t u r e  development 

on the  marine  water  qual i ty  a long  the  east  coast  of   Saanich  Peninsula.  
A shel 1 f i s h   c l o s u r e  was i n   e f f e c t   p r i o r   t o   t h e   s u r v e y   a l o n y  a 

p o r t i o n   o f   t h i s   c o a s t l i n e  and i s  descr ibed as fo l lows:  "Area 19-3. The 
t i d a l   f o r e s h o r e  on the   eas t   s ide  oY Saanich  Peninsula,  Area 19, frorn t h e  
Saanich  Peninsula - P ie rs   I s1  and  cab1 e marker, on the  shore  of   Saanich 
Peninsul a, t o  Turgoose  Point ."* This   c losure was imposed on the   bas is  

o f  known dolllestic sewage d ischarges   to   th is   a rea ,   p r inc ipa l l y   f rom  the  
town o f  Sidney. 

San i ta ry  and bac ter io log ica l   surveys   o f  Tsehum Harbour ( 3 )  and 
Saanichton Bay ( 4 )  were conducted i n  May o f  1972 by  the  Environmental 

Protect ion  Serv ice  to   determine  the  cause(s)  and e x t e n t   o f  sewage 

contanl ination i n  these  areas. The reports  concluded  that   vessel   d is-  
charges and minimal t i d a l   a c t i o n  were respons ib le   f o r   bac te r io log i ca l  
contamination i n  Tsehum Harbour. The contaminat ion  observed  dur ing  the 

study was not  considered  excessive, however increased  stream  flows i n  

t h e   w i n t e r  months  and increased  vessel moorage was p r e d i c t e d   t o  cause 

w a t e r   q u a l i t y   t o  worsen. 
Saanichton Bay met the  shel  1 f ish  growing  water  standards 

dur ing   the  1972 survey and the  major   f reshwater   source  to   the bay, Sand 
Hill Creek, was not  considered a s i g n i f i c a n t   p o l l u t i o n   s o u r c e  a t  t h a t  

time. The study was conducted p r i o r   t o   t h e   i n s t a l l a t i o n   o f  sewage 
t rea tmen t   p lan ts   d i scha rg ing   t o  Bazan Bay and  Cordova  Channel. The 

* Schedule I ,  Pac i f i c   She l l f i sh   Regu la t i ons .  
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repor t   conc luded  that ,   based on t i da l   cu r ren t   da ta   ob ta ined   f rom  the  

Canadian  Hydrographic  Service, sewage discharged  f rom  the  proposed 

o u t f a l l   i n t o  Cordova  Channel  could be swept i n to   Saan ich ton  Bay d u r i n g  a 

f l o o d   t i d e   c y c l e .  

S ince  these  s tud ies were conducted, s i g n i f i c a n t  changes i n  

sewage c o l l e c t i o n  and treatment  systems  have  taken  place i n   t h e   s t u d y  

area.   There  are  present ly   four   reg is tered  munic ipa l   d ischarges  between 

Roberts Bay and Tel  egraph Cove, and a  summary o f   p e r t  i nen t   i n fo rma t ion  

on  each i s  presented i n  Table 2. I n   a d d i t i o n   t o   t h e s e   r e g i s t e r e d   d i s -  

charges, numerous s to rm  d ra ins  and sewage  1 i f t  s t a t   i o n  emergency  over- 

f l o w   p i  pes a1 ong the   coas t l   i ne   a re   po ten t i a l   sou rces  o f  b a c t e r i o l o g i c a l  

c o n t a m i n a t i o n   t o   t h e  she1 1 f i sh   g row ing   a reas   (F igu re  2) .  
B i va l ve   mo l l uscan   she l l f i sh   a re   no t   t aken   i n   commerc ia l  

q u a n t i   t i e s  a1 ong the   eas te rn   coas t l  i ne o f  Saanich  Peninsula, a1 though 

r e c r e a t i o n a l   h a r v e s t i n g  does o c c u r   t o  a l i m i t e d   e x t e n t   i n   S a a n i c h t o n  Bay 

and  Cordova Bay. S idney   Sp i t ,   l oca ted  on t h e   n o r t h  end o f   S idney  

I s l a n d ,   i s  a1 so  a popular  clam  digging  area.  Commercial geoduck har-  

v e s t i n g  was conducted i n   t h e  James Sp i t   a rea ,   a l though  the   a rea   i s   p re-  

sen t ly   under  a conserva t ion   c losure .  

As a resu l t   o f   t he   p resence  o f  r e c r e a t i o n a l  l y  harvested 

s h e l l f i s h   i n   t h e   a r e a ,  and t h e  changes i n  sewage c o l l e c t i o n  and t r e a t -  

ment ,   the  Envi ronmenta l   Protect ion  Serv ice  under took a s h e l l f i s h   g r o w i n g  
water san i ta ry   survey  o f  the   eas t   coas t  o f  Saanich Peninsula,  f r o m  

C u r t e i s   P o i n t  t o  Telegraph Cove i n  November 1979. A d d i t i o n a l  work was 

conducted i n  January, 1980. 
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fl Sewage L i f t  Station  with 
Marine O v e r f l o w  

FIGURE 2 LOCATION  OF  SEWAGE  TREATMENT  PLANT  OUTFALLS AND 
SEWAGE LIFT  STATION  MARINE  OVERFLOWS  IN  STUDY  AREA 
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2 SAMPLE STATION LOCATIONS 

Marine  sample  stat ions  were 1 ocated a1 ong'  the  Saanich 

Pen insu la   fo reshore   f rom  Cur te is   Po in t   to   Te legraph Cove t o  assess 

she l l f i sh   g row ing   wa te r   qua l  ity. L imi ted  sampl ing was a1 so conducted on 

t h e  wes t   s ide   o f  James I s l a n d  and i n   t h e  James Spi t   area.  Due t o   t h e  

c o n s i d e r a b l e   b o a t i n g   a c t i v i t y  and  commercial  foreshore  use i n  Tsehum 

Harbour,  no  samples  were  taken i n   t h i s   l o c a t i o n .  

E f f l u e n t  samples  were  taken  a t   the  four   reg is tered  d ischarges 

i n   t h e   s t u d y   a r e a   t o   a s s e s s   e f f l   u e n t   q u a l  i ty  and po ten t ia l   impact  on 

she l l f i sh   g row ing   wa te rs .  

Freshwater  sample  stat ions  were  establ ished on the   ma jor  

streams and d ra inage   cu l ve r t s   wh ich  were a n t i c i p a t e d   t o  have a p o t e n t i a l  

impact on  she1  1 f i s h  growi  ny  waters. 
Sample s t a t i o n   l o c a t i o n s   a r e  shown i n  F igures 3 and 4 and 

d e t a i l e d   d e s c r i p t i o n s   o f   b o t h   m a r i n e  and f reshwater   sample   s ta t ion  

l o c a t i o n s   a r e   p r e s e n t e d   i n  Appendices I and 11. 
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F I G U R E  3 M A R I N E   A N D   F R E S H W A T E R   S A M P L E   S T A T I O N   L O C A T I O N S -  
C U R T E I S   P O I N T   T O   I S L A N D  VIEW B E A C H  
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V A N C O U V E  R 

I S L A N O  

L E G E N D  

Fecal Coliform Pollution MPN per 100mL 
0 Median MPN S 14; 90 Percentile MPNC43 

Median MPN > 14 
0 Median MPN 514; 90 Percentile MPN>43 

0 Marlne a m p l e  Station 

@ freshwater Somola Station 

0 500 lo00 M O O  3000 

S C I L E  IN M E T R E S  

FIGURE 4 MARINE  AND  FRESHWATER  SAMPLE  STATION  LOCATIONS - 
COWICHAN  HEAD TO TELEGRAPH  COVE 
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3.1 Bac ter io log ica l   Sampl ing  and  Analyses 

A1 1 marine  water  samples f o r   b a c t e r i o l o g i c a l   a n a l y s e s  were 

c o l l e c t e d   i n   s t e r i l e  wide-mouth  g lass  bot t les,   approx imate ly  15 t o  30 cm 

below  the  water   sur face.  The w a t e r   d e p t h   a t   c o l l e c t i o n   p o i n t s   o v e r  

s h e l l   f i s h  beds d i d   n o t  exceed  two  meters. Samples  were c o l l e c t e d   b y  

boa t   o r  on f o o t .  The samples  were s t o r e d   i n   c o o l e r s  a t  temperatures not. 

exceeding 10°C u n t i l  processed.   Analyses  were  carr ied  out   wi th in   three 

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

Env i ronmen ta l   P ro tec t i on   Se rv i ce ,   l oca ted   i n  Sidney. 

The f e c a l   c o l   i f o r m  most probable number (MPN) per  100 ml was 

determined  using t h e  mu1 t i p l e   t u b e   f e r m e n t a t i o n   t e c h n i q u e   ( a t   l e a s t  

t h r e e   d e c i m a l   d i l u t i o n s   o f   f i v e   t u b e s  each) as d e s c r i b e d   i n  P a r t  908C o f  

t h e   1 4 t h   e d i t i o n   o f   S t a n d a r d  Methods f o r   t h e   E x a m i n a t i o n   o f  Water  and 

Wastewater ( 5 ) .  The c u l t u r e  medium used was t h e  A-1 medium,  as  de- 

s c r i b e d   b y  Andrews  and Presne l l  ( 6 ) .  This medium  and t h e  method  de- 

scr ibed  be low were  accepted  by  the  Canadian  government as t h e  method o f  

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

waters i n   A p r i l  1977. An e v a l u a t i o n   o f   t h e  A-1  medium i n   t h e   P a c i f i c  

Region  has  been  done by  Kay ( 7 )  and the   reader  i s  r e f e r r e d   t o   t h i s   p a p e r  

f o r   f u r t h e r   i n f o r m a t i o n .  

T h e   " n ~ o d i f i e d  A-1"  t e c h n i q u e   i n v o l v e s   t h e   i n o c u l a t i o n  of a 
s e r i e s  o f  d i l u t i o n s   i n  acco rdance   w i th   t he   mu l t i p le   t ube   f e rmen ta t i on  

technique. Ten mil 1 il i t e r   v o l  unes o f  sample  water  were  inoculated  into 

f i v e   d o u b l e   s t r e n g t h   t u b e s   o f  A - 1  medium, and 1.0 rnl and  0.1 rnl volunes 

were i n o c u l a t e d   i n t o   f i v e   t u b e s  each o f   s i n g l e   s t r e n g t h  medium.  The 

tubes  were  incubated  at 35 2 0.5OC i n  air i n c u b a t o r s   f o r   t h r e e   h o u r s  and 

t h e n   t r a n s f e r r e d   t o  a water   bath a t  44.5 0.2OC and i n c u b a t e d   f o r  a 

f u r t h e r   2 1   h o u r s   f o r  a t o t a l   o f  24 -t- 2 hours. A1 1 gassing  tubes 

w i th   g rowth  were  considered t o  be f e c a l   c o l i f o r n l   p o s i t i v e .  The most 

probable number f o r  each  sample was then  determined  according t o   t h e  

manner desc r ibed   i n   S tandard  Methods. 
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A1 1 f reshwater  samples  were c o l l   e c t e d   i n   s t e r i  1 e wide-mouth 

g l a s s   b o t t l e s  and  were t e s t e d   f o r   f e c a l   c o l   i f o r m  and f e c a l   s t r e p t o c o c c i ,  

u s i n g   t h e  membrane f i l t r a t i o n  (MF) method d e s c r i b e d   i n   P a r t  909 o f  t h e  

1 4 t h   e d i t i o n   o f   S t a n d a r d  Methods.  Media  used  were m-FC and KF s t rep to -  

coccus   agars   ob ta ined  f rom  D i fco   Labora tor ies   Det ro i t ,   M ich igan,  USA, 
f o r   t h e   f e c a l   c o l i f o r m  and f e c a l   s t r e p t o c o c c u s   t e s t s   r e s p e c t i v e l y .  The 

membrane f i l t e r s  used  were Mi 11 i pore HC,  obta ined  f rom M i  11 i p o r e  

L imi ted,   Miss issauga,   Ontar io .  

3.2 Phys ica l  and Chemical  Testing  Equipment  and  Analyses 

S a l  i n i t y  measurements  were made on d l  1 marine sarnpl es  usi  ny an 

American  Opt ical   refractometer  (Catalogue ilo. 10413)  which  has a reso lu -  

t i o n   t o   t h e   n e a r e s t  0.5 par t   per   thousand.  Wind speeds  and d i r e c t i o n  

were  determined  with a Te lco r   se r ies  210 e lec t ron i c   w ind   speed /d i rec t i on  

ind ica tor .   T ide   da ta   used was t h a t  f o r  Ful f o rd  Harbour  (Figure 5 )  and 

r a i n f a l l   d a t a  was o b t a i n e d   f r o m   t h e   V i c t o r i a   I n t e r n a t i o n a l   A i r p o r t  

( F i  gure 6 ) . 
All e f f l u e n t  samples f o r  chemical   analysis  were  submit ted t o  

the   Env i ronmenta l   Pro tec t ion   Serv ice /F isher ies  and Mar ine  Serv ice Chem- 

is t ry   Laboratory ,   Cypress  Creek,  West Vancouver,  and  analyzed  according 

t o   t h e  most r e c e n t   e d i t i o n   o f   t h e  EPS/FMS Labora tory  Manual (8 ) .  
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4 RESULTS AND DISCUSSION 

Canadian  bival   ve rnol 1 uscan  she1 1 f i sh   y row i  ng  waters  are 

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

I n   o r d e r   t h a t  an  area be c o n s i d e r e d   b a c t e r i o l o g i c a l l y   s a f e  

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

MPN o f   t h e   w a t e r  must  riot  exceed  14  per  100 rnl, and no t  more 

than 10% o f   t h e  sarnpl es o r d i   n a r i  1 y exceed an MPN o f  43 pe r  

100 rn l  f o r  a 5 t u b e   d e c i m a l   d i l u t i o n   t e s t   i n   t h o s e   p o r t i o n s  

o f   t h e   a r e a  most p robab ly  exposed t o   f e c a l   c o n t a m i n a t i o n  

d u r i n g   t h e  most  unfavourable  hydrographic and p o l l u t i o n  

cond i t ions . *  

Based  on t h i s   c r i t e r i o n ,  30 o f   t h e  93 marine  sample s t a t i o n s  were 

c l a s s i f i e d  as contanlinated. The major  sources o f   c o n t a m i n a t i o n   i d e n t i -  

f i e d   d u r i n g   t h e   s u r v e y   i n c l  uded:  sewage d ischarged  f rom  the  t reatment  

f a c i l i t i e s   l o c a t e d  a t  Sidney,  Bazan Bay, Cordova  Spit and F i n n e r t y  Cove; 

con tamina ted   s to rm  d ra ins   d i scha rg ing   t o  Cordova Bay; and a ma jo r   d ra in -  

age c u l v e r t   d i s c h a r g i n g   t o   R o b e r t s  Bay. U n i d e n t i f i e d   s o u r c e s   i n  Tsehum 

Harbour,  presumably  boat  discharges, were the   p robab le   cause  o f  contarll- 

i n a t i o n   n o t e d  a t  the   en t rance  to   the   harbour .   Mar ine ,  and f reshwater  

and e f f l u e n t  sample s t a t i o n   b a c t e r i o l o g i c a l  summaries a r e   p r e s e n t e d   i n  

Tables 3 and 4 respec t i ve l y .  

H i s t o r i c a l  mean p r e c i p i t a t i o n   d a t a   f o r   t h e  month o f  November 
(as  measured a t  V i c t o r i a   I n t e r n a t i o n a l   A i r p o r t )  shows t h a t  125.7 rm o f  

r a i n   i s   n o r m a l l y   e n c o u n t e r e d  ( 9 ) .  However, du r ing  November 1979 o n l y  

28.8 rim o f   r a i n  was measured thus   t he   expec ted   po l l u t i on   e f fec t   o f   ra in -  

i nduced   runo f f  was no t   no ted   dur ing   th is   survey .  Many o f  the   s to rm  cu l -  

v e r t s   i n   t h e   s t u d y   a r e a  were n o t   f l o w i n g ,   o r  had ve ry   l ow  f l  ows , and 

t h e r e  was no p o s i t i v e   c o r r e l a t i o n  between r a i n f a l l  , s a l i n i t y  and marine 

b a c t e r i o l o g i c a l   w a t e r   q u a l i t y .   S a l i n i t i e s  a t  a l l   s t a t i o n s   r a n g e d  be- 

tween 29.5 p p t  and 32.0 p p t .  

* Th is   repor t   expresses   the  10 per   cent  1 imit i n  terrns 

o f  a 90 p e r c e n t i  1 e which  must  riot  exceed  43/100 ml  . 
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TABLE 3 SUMMARY OF FECAL  COLIFORM MPN DATA FOR 
MARINE SAMPLE STATIONS 

Sample No. o f  MPN per 100 m l  
S t  a t  i on Sampl es Range Med i an 9 0 t  h p e r c e n t  i 1 e 

1 

2 

3 

4 

5 

6 

7 
8 
9 

1 0  

11 
12  

13  

14  

1 5  

16  

1 7  

18  

19  

20 

2 1  

22 

23 

24 

25 

8 
8 

6 
6 

6 

6 

6 

7 
7 

6 

6 

6 
7 

6 

6 
7 

6 

7 

7 
7 

7 

7 

6 

8 

9 

L2-70 

L2-170 

L 2-79 

2 -9 

L2-11 

L 2-23 

L2-14 

2-49 
8-46 

4-33 

2-33 

L2-33 

L  2-49 

L 2-22 

L 2-33 

L 2-1  10 

L 2-8 

17-79 

2-33 

8-61600 

2-G1600 

L 2-240 

L 2-1  30 

L  2-33 

L 2-79 

7.5 

6.5 

27 

5 

6 

5.5 

9.5 

8 
23 

19.5 

6 
10.5 

8 

8.5 

6.5 

13 

5 

33 

1 7  

49 

17 

27 

33 

12.5 

5 

24.4 
51.6 

61 

6.6 

9.2 

14 

14 

24.5 
36.9 

27 

27 

23.4 

30.8 

19 

23.4 

56.1 

8 

55.9 

33 

514.3 

599 

95.1 

79.6 

33 

31.3 

c o n t  i nued.. . 
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TABLE 3 SUMMARY OF FECAL  COLIFORM MPN DATA FOR 
MARINE SAMPLE STATIONS ( c o n t i n u e d )  

Sarnpl e No. o f  WN p e r  100 rnl 
S t  a t  i on Sampl es Range  Median  90t h p e r c e n t  i 1 e 

26 

27 

28  

29  

30  

31 
32 

33 

3 4  

35  

36  

37 

38  

39 

40  

4 1  

42  
43 

44 

45 

46 

47 
48 

49 

50  

9 

8 

6 

6 

6 
8 

8 

8 
6 

8 

7 

6 

7 
6 
8 
7 

6 
6 

6 

7 

6 

6 

6 

6 

6 

L  2-49 

L  2-70 

13-130 

2-79 

2-240 

2  -49 

2  -33 

L  2-33 

8-49 

L2-22 

L 2-33 

L  2-7 

L 2-3 1 
L2-17 

L  2-49 

2-49 

2-1 7 
L2-17 

2  -33 

L2-23 
L2-17 

L  2-1 3 
L  2-1  7 

L2-11 

L  2-8 

5 

12.5 

64 

35.5 

33 

5 

8 

5 
28 

12 

5 

5 
8 
6 

13  

17 

6.5 
9.5 

5 

8 
2 

2 
9.5 

2 

3 

34.6 

32.4 

130 

6 1  

152.4 

36.2 

31.4 

25 
49 

15.6 

13.4 

5.6 

24.7 

14.6 

28.2 

49 

14.6 
14.6 

2 1  

18.8 

9.8 

10.2 
14.6 

7.4 

6.2 

c o n t  i nued.. . 
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TABLE 3 SUMMARY OF FECAL  COLIFORM MPN  DATA  FOR 
MARINE SAMPLE STATIONS (continued) 

Sampl e No. o f  W N  per 100 ml 
S t  a t  i on Sampl es Range  Median 90t  h percent i 1 e 

5 1  

52 

53 

54 

55 

56 

57 

58 
59 

60 

6 1  

62 

63 
64 

65 

66 

67 

68 

69 

70 

7 1  

72 

73 

74 

75 

6 

5 

6 

6 

7 

7 

7 

6 

7 

7 

7 
6 

6 

6 

6 

7 

6 

6 

6 
7 

7 
8 

8 

8 

7 

L2-11 

2-8 

2-22 

L  2-1  3 

2-49 

L 2-33 

8-49 

2-1600 

2-23 

L 2-1 7 

2-70 

7-33 

2-13 

L 2-33 

2-33 

L2-110 

L 2-8 

7-33 

L 2-33 

4-79 

L  2-1 7 
2-33 

L  2-33 

L  2-23 

6 -1  7 

6 

2 

3.5 

2 

13 
5 

11 

11 
9 

2 

8 

15 

9.5 

7.5 

8.5 

5 

4 
10 

4.5 
5 

5 

6 

5 
6 

11 

8.6 

5 

13 

8.2 

39.5 

19  

26.6 

669.8 
18.8 

8.6 

37.1 

26.4 

13 

23.4 

21.6 

40.7 

8 

2 1  

21 

29.3 

14.2 

25 

33 

11 

14.2 

continued.. . 
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T A B L E  3 SUMMARY OF F E C A L  COLIFORM MPN DATA FOR 
MARINE SAMPLE STATIONS (continued) 

Sample No. of  MPN per 100 rnl 
S t  a t  i on Sampl es Range  Median 9 0 t  h percent i 1 e 

76 

7 7  
78 
79 

80 

8 1  

82  

83 

84 

85 

86 

87 

88  

89  

90 

9 1  

92 
93 

8 

8 
7 

6 

8 
7 
8 

6 

6 

6 

6 

6 

6 

6 

6 

7 

6 
6 

L2-79 

4-33 

2  -23 

L 2-1  3 

L 2-33 

2-22 

L 2-79 

L 2 -1'1 

L 2-1  3 

4-70 

5-79 

5 -1  70 

2-130 

8-70 

5-79 

9-540 

49-G 1600 
79-540 

11 
10 

8 

3 

9 

11 

2 

4 

4.5 

19.5 

13.5 

15.5 

36 

3 1  

14 

79 

240 
260 

37.4 

25 

18.8 

8.2 

25 

18.5 

21.4 

8.6 

10 

47.8 

61 

170 

99.4 

57.4 

79 

316 

1600 
426 
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Dur ing  the  January 1980 samp l ing   pe r iod ,   g rea te r   p rec ip i t a t i on  

was encountered  which  adverse ly   a f fected  the  water   qual i ty  i n  Cordova 

Bay (see  Sect ion 4.5). 

De te rm ina t ion   o f   t he   sou rce  and  impact o f   f e c a l   c o n t a m i n a t i o n  

i n   t h e   f r e s h w a t e r  samples was a ided   by   t he  use o f  f e c a l   c o l   i f o r m   t o   f e -  

c a l   s t r e p t o c o c c i   r a t i o s  and popu la t ion   equ iva len ts .  Membrane f i l t r a t i o n  

feca l   s t rep tococc i   ana lyses  were  performed  on a l l  f reshwater  samples i n  

an  attempt t o   d e t e r m i n e   t h e   o r i g i n   o f   f e c a l   c o n t a m i n a t i o n   o b s e r v e d   i n  

the   f reshwa te r   i npu ts .  Gel d r e i c h  and  Kenner (10 )  have repo r ted   h ighe r  

f e c a l   s t r e p t o c o c c i   ( F S )   t h a n   f e c a l   c o l i f o r m  (FC) d e n s i t i e s   i n  a1 1 warm- 

b looded  an imal   feces  except   for  humans.  The FC:FS r a t i o   i n  humans  was 

4.4, whereas i n   o t h e r  warm blooded  animal s t h e   r a t i o  was 1 ess  than 0.7. 
The FC:FS r a t i o s  were   ca lcu la ted   us ing  mean f r e s h w a t e r   r e s u l t s  and a re  

shown i n  Table 4. 
The concept o f  popu la t i on   equ iva len ts  was used t o  compare 

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

water   inpu ts .  The p o p u l a t i o n   e q u i v a l e n t   o f  a source o f  fecal   contamin- 

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

f e c a l   c o l i f o r m   c o n t r i b u t i o n   t o  a s e w r  system. An average  person  dis-  

charges 1.6 x 10l1  t o t a l   c o l   i f o r r n s / d a y  and the   f eca l   co l   i f o r r l l   con -  

c e n t r a t i o n   i n   d o m e s t i c  sewage has  been es t imated a t  20% o f  t h e   t o t a l  

concen t ra t i on  (11). T h i s   y i e l d s  a v a l u e   o f  3.2 x 1010 f e c a l   c o l i f o r m s /  

personlday. The e q u a t i o n   u s e d   f o r   c a l c u l a t i n g   p o p u l a t i o n   e q u i v a l e n t s  

was: 

Popu la t i on  Equi Va l  en ts  = Feca l   co l   i fo rm  d ischarged  per  day 

Fecal   col  i forrns/person/day 

= Flow x f e c a l   c o l i f o r m   c o n c e n t r a t i o n  

3.2 x 101O 

The r e s u l t s   o f   t h e s e   c a l   c u l   a t i o n s   a r e  shown i n  Table 5 and w i  11 be 

discussed i n  subsequent  sections. 
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I 

4.1 C u r t e i s   P o i n t   t o  Reay  Creek  (Marine  Stations 1 - 26) 

The marine  water  qual i t y  a l o n g   t h i s   s e c t i o n   o f   c o a s t 1   i n e  was 

genera l l y   poo r   w i th  11 o f   t h e  26 sample s ta t i ons   exceed ing   t he   she l l   f i sh  

growing  water  standard. The m a j o r   i d e n t i f i e d   b a c t e r i a l   p o l l u t i o n  

source was the  S idney WPCC discharge. The l a r g e   d r a i n a g e   c u l v e r t  ( S 2 )  

en ter ing   Rober ts  Bay a l s o  caused l o c a l i z e d   c o n t a m i n a t i o n   i n   t h e  bay. 

The Sidney WPCC i s  an ac t i va ted   s ludge   p lan t   w i th   f ou r   i ndepen-  

dent   t rea tment   nodu les .   Dur ing   the   survey   the   p lan t   e f f l   uen t  had a  mean 

f e c a l   c o l i f o r m   c o u n t   o f  440 000 per  100 m l ,  r ep resen t ing  an M.P.E. o f  

808. The i n f l  uence o f   t h i s   d i s c h a r g e  on marine  water  qual i ty  was e v i -  

dent a t  s t a t i o n s  18 - 23.  On November  6, 7 and 8, i n f l u e n t   f l o w   b y -  

passed the  t reatment   tanks and was d i s c h a r g e d   a f t e r   f i n e   s c r e e n i n g   b y  

the   Ro to -S t ra ine r .   Th i s   by -pass   occu r red   t o   pe rm i t   c l ean -ou t  and  main- 

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

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

t h e   p l a n t   i n f l u e n t .   E x c e p t i o n a l l y   h i g h   f e c a l   c o l i f o r m  MPN's were noted 

a t  s t a t i o n s  20 and 2 1  on  Novecnber 7 ( G  1600/100  ml) , most p robab ly  as a 

r e s u l t   o f   t h i s  by-pass. The t o t a l  by-pass  vol m e  over   the  three-day 

shutdown was approx imate ly  79 485 m3. Dur iny  1979, t h i s   s i t u a t i o n  

p r e v a i l e d  on t h r e e   o t h e r   o c c a s i o n s   r e s u l t i n g   i n   t h e   b y - p a s s  o f  un t rea ted  

sewage (12).  

There  were no o ther   p lan t   by -passes   dur ing  November, however, 

the   S idney  sewage c o l l e c t i o n  system i s  p l a g u e d   w i t h   i n f i l t r a t i o n   p r o b -  
1 ems and dur ing   heavy   ra ins  , a cons iderab le  arllount o f  sewage i n f l  uent i s  
by-passed  wi th  only  coarse  screeniny.  The p r o v i n c i a l  WMB discharge  per-  

mit f o r  S idney   s t i pu la tes  a rnaximmn d a i l y  s to r rn   ove r f l ow   o f  0.35 m3/sec 

i s  a l l o w e d   f o r   t h i s   p l a n t .  Under  such o v e r f l o w   c o n d i t i o n s ,   t h e   r e c e i v -  

i n g   w a t e r   q u a l i t y   w o u l d   p r e d i c t a b l y  worsen. D a t a  ob ta ined by t h e  CRD a t  

rece iv ing   wa te r  sanlpl i n y   s t a t i o n s   a r o u n g   t h e   S i d n e y   o u t f a l l   i s   g e n e r a l l y  

cons is ten t   w i th   da ta   p resented   here ,  a1 though 90 p e r c e n t i l e   l e v e l  s were 

h ighe r ,   poss ib l y  due to   the   occurance  o f   s to r rn   over f lows and o t h e r   r a i n -  

induced  pol 1 u t ion   sources .  A summary o f   c o m p a r a t i v e   d a t a   f o r   s e l e c t e d  

mar ine  sampl ing  s ta t ions i s  presented i n  Appendix V I I I .  

I 
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I 

A 24 hour  chemical  composite  sample o f  the  Sidney WPCC 

e f f l   u e n t  was c o l l e c t e d  on November 28,  1979, and t h e   r e s u l t s   a r e   p r e -  

sented i n  Appendix VI. The percentage  removal s o f  BOD5 and NFR were 

good a1 t h o u g h   t h i s  was due, t o  a 1 a rge   ex ten t ,   t o   t he   d ry   wea the r  con- 

d i t i o n s   w h i c h   r e s u l t e d   i n   h i g h   i n f l u e n t  BOD5 and NFR as  w e l l  as l o w  

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

l e v e l   o f   t r e a t m e n t   i s   n o t  a1 ways a t t a i n e d ,   p a r t i c u l a r l y   w i t h   r e s p e c t   t o  

NFR (see  Appendix V I  ). The 1 ack o f  NH3 removal a t   t h i s   p l   a n t  demon- 

s t r a t e s   l i t t l e   o r  no n i t r i f i c a t i o n  and t h e r e f o r e   s h o r t   a e r a t i o n   c e l l  

res idence  t ime.  

The ma jo r   d ra inage   d i t ch  ( S 2 )  d ischarg ing   t o   Rober t s  Bay was 

respons ib le   f o r   t he   f eca l   con tamina t ion   obse rved  a t  mar ine   s ta t ions  9 

and 10. T h i s   d i t c h   e x h i b i t e d  a  mean f e c a l   c o l i f o r n l   c o u n t   o f  517/100 ml, 

represen t ing  an M. P. E. o f  1. T h i s   i s  a very  approximate M. P. E. s i nce  
t h e   d i t c h  was o f t e n  backed up b y   t h e   t i d e  and f lows were d i f f i c u l t   t o  

measure. The FC:FS r a t i o   o f  0.38 f o r  S2 suggests much o f  the  contarnin- 

a t ion   observed was o f  a n i m a l   o r i g i n   a l t h o u g h   t h i s  was not   conf i rmed  by 

ups t   rean exarrl i na t  i on. 

A second  s torm  dra in   to   Rober ts  Bay (Sl) d i d   n o t   s i g n i f i c a n t l y  

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

h i g h   f e c a l   l e v e l s   o b s e r v e d  (mean f e c a l   c o l i f o r m   c o u n t   o f  1 7  925/100  rill). 

These h i g h   f e c a l   l e v e l s   i n   a d d i t i o n  t o  observed  evidence o f  r a w  sewage 

suggests a p o s s i b l e   r e s i d e n t i a l  sewer  connection t o   t h i s   s t o r m   d r a i n .  

A sewage l i f t  s t a t i o n   o v e r f l o w   p i p e ,   l o c a t e d   a d j a c e n t   t o  S1, d id   no t  

appear t o  be   t he   cause   o f   t he   raw  sewage discharge. 

Samples t a k e n   a t  S 1  and S 2  dur ing  a wet  weather  period i n  

January, 1980 i n d i c a t e d   t h e  M.P. E.'s decreased  dur ing   ra in fa l l   (Append ix  

VII, Table 3 ) .  

Two o t h e r   f r e s h w a t e r   i n p u t s   t o   t h i s   a r e a  were  sampled: S 3 ,  

which  discharges a t  t h e   f o o t   o f  Weil e r  Avenue,  and Reay Creek ( S 4 ) .  Due 

t o   t h e   d r y  weather  encountered  dur ing  the  study,  there was no d ischarge 

IC 
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f r o m  S3 and  samples  were  taken  from  stagnant  water i n   t h e   d i t c h .  Reay 

Creek was sampled i n   t h r e e   l o c a t i o n s :   ( i )  mouth (S4); ( i i )  Highway 17 
(S4A) and ( i i   i )  Canora Road (S4B). Samples taken a t  t h e  mouth  were 

o f t e n   i n f l  uenced b y   t h e   t i d e  and f lows  cou ld   no t  be  measured a t  t h i s  

l o c a t i o n .  The  mean f e c a l   c o l i f o r m   c o u n t   a t   t h i s   s t a t i o n  was 149/100 m l ,  

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

Samples c o l l e c t e d   a t  S4A dur ing   January  1980 e x h i b i t e d   s i g n i f i c a n t l y  

h i g h e r   f e c a l   c o l i f o r m   l e v e l s   ( A p p e n d i x   V I I )  and t h e  M.P.E. o f  5 would 

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

noted i n  November. The FC:FS r a t i o  o f  4.75 a t   t h i s   s t a t i o n   s u g g e s t s  

the  source o f  f e c a l   c o n t a m i n a t i o n   i s  human but   the  sources  could  not  be 

found. Reay C r e e k   d r a i n s   t h e   e a s t e r n   p o r t i o n   o f   t h e   V i c t o r i a   I n t e r -  

n a t i o n a l   A i r p o r t  a1 though  samples  taken  at   the  a i rport   boundary (S4B) on 

Canora Road i n d i c a t e d   t h a t  much o f   t h e   f e c a l   C o n t a m i n a t i o n  was i n t r o -  

duced  between t h e   a i r p o r t  and Highway 17. The creek may r e c e i v e   d r a i n -  

age  from a duck f a r m  i n   t h e   a r e a   h o w v e r   t h e  FC:FS r a t i o  does n o t   i n d i -  

c a t e   t h i s   t o  be t h e  cause. 

There  were 25 o t h e r   s t o r m   d r a i n s   i d e n t i f i e d   i n   t h i s   p o r t i o n   o f  

the  study  area  however none were f l o w i n g  due to   the   d ry   weather   con-  

d i t i o n s .  Much o f   t he   S idney   s to rm  d ra inage   i s   d i scha rged   th rough  a  sub- 

merged o u t f a l l   l o c a t e d   a p p r o x i m a t e l y  100 m n o r t h   o f   t h e   f o o t   o f   W e i l e r  

Road. The o u t f a l l   t e r m i n a t e s  a t  a d e p t h   o f  1.4 m be low  lowest   low 

w a t e r ,   a t  a d i s t a n c e   o f  76 rn f rom  shore.   This  storm  drain was no t  sam- 
p l e d   b u t  i t  i s   l i k e l y   t o  have had low   f l ows  due t o   t h e   l a c k   o f   r a i n f a l l .  

Dur ing wet weather ,   these  s to rm  d ra ins   wou ld   con t r ibu te   to   the  contam- 

i n a t i o n   o f   t h e   m a r i n e   w a t e r s  a1 though  the  impact o f   t h e s e   d i s c h a r y e s   i s  

unknown. 

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

l i s t e d  above the re   a re  10 sewage l i f t  s t a t i o n s   i n   t h e   S i d n e y   c o l l e c t i o n  

system  which  have  emergency  marine  overflow  discharges. These  1 ift sta-  

t i o n s   a r e   c h a r a c t e r i z e d   i n   T a b l e  6. A1 1 1 i f t  s t a t i o n s   o p e r a t e  on l i n e  

vo l tage  and a r e   i n s p e c t e d   d a i l y ,  7 days a week. A1 though some s t a t i o n s  

have  warning l i g h t s   t o  warn o f  pump ma l func t i ons ,   t he re   a re  no p rov i s ions  
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p r o v i s i o n s   f o r   s t a n d b y  power i n   t h e   e v e n t   o f  a major power  outage.  Since 

the re   a re  no reco rds   kep t   o f   ove r f l ow   f requency  and du ra t i on ,  it i s   d i f -  

f i c u l t   t o   p r e d i c t   t h e   i m p a c t   o f   o v e r f l o w s  on the  marine  foreshore  areas. 

These 1 i f t  s t a t i o n s   s e r v i c e  a1 1 res iden t ia l   a reas  a1 ong the  marine  shore- 

1 i ne i n S idney   w i th   t he   excep t ion   o f  homes d l  ong  Beaufort Road (Roberts 

P o i n t ) .  These homes a re   se rv i ced   by   i nd i v idua l   sep t i c   t anks  and  a sani-  

tary survey   d id   no t   revea l   any   ma l func t ion ing   d isposa l  systems. 

4.2 Reay Creek t o  Turgoose  Point   (Marine  Stat ions  27-38) 

M a r i n e   w a t e r   q u a l i t y   i n   t h i s   p o r t i o n   o f   t h e   s t u d y   a r e a  was gen- 

e r a l l y  good w i t h   t h e   e x c e p t i o n   o f  samples taken i n   t h e   v i c i n i t y   o f   t h e  

Bazan Bay  sewage t rea tmen t   p lan t .  This  i s  an extended  aerat ion  secondary 

t r e a t m e n t   p l a n t   s e r v i c i n g   t h e  Dean Park   subd iv i s ion   wh ich   i s   l oca ted   nea r  

t h e  west  end o f  Bazan Bay Road. The p l a n t  has  two t rea tment  modules a l -  

though  on ly  one i s   r e q u i r e d  due t o   l o w  f lows th rough   the  system. Dur ing  

the   su rvey   t he   p lan t   d i scha rged  an unch lo r ina ted   e f f l   uen t   hav ing  a mean 

f e c a l   c o l   i f o r m   c o u n t  o f  46 975/100 ml  (M.P.E. = 32). The feca l  contarn- 

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

extend  southward a1 though sample s t a t i o n   3 4  exceeded the  growing  water 

standard. The s o u r c e   o f   c o n t a m i n a t i o n   a t   t h i s   s t a t i o n   c o u l d   n o t  be  de- 

termined. A composite  chernical  sample  taken o f   t h e   f i n a l   e f f l u e n t   o f   t h e  

Bazan Bay STP on November  28,  1979, i n d i c a t e d  good percentage  removal o f  
BOD5 and NFR (Appendix VI, Table  1) .   Data  obtained  by  the WMB f o r   t h i s  
d i s c h a r g e   i n d i c a t e s   t h e   e f f l u e n t   q u a l i t y   i s   w e l l   w i t h i n  permit requ i re -  

ments, a consequence o f  t h e   f a c t   t h e   p l   a n t   i s   y r o s s l  y underloaded and wet 

weather  f lows  have 1 i t t l e   o r  no e f f e c t  on e f f l  uen t   qua l i t y .  The o f f i c i a l  

Community Plan f o r   t h e   D i s t r i c t   o f   N o r t h   S a a n i c h   p r e d i c t s  an e x t e n s i o n   o f  

t h e  Dean Park  sewered  area  during  1978 - 1982 w i t h   f u r t h e r   p o t e n t i a l  ex- 

pansion t o   t h e   f o r e s h o r e   d u r i n g  1988 - 1992 (13).  

I n   a d d i t i o n  t o  t h e  Bazan Bay STP e f f l u e n t ,  4 s to rm  d ra ins  were 

mon i to red   fo r   feca l   con taminat ion   (S5 - S8) .   Feca l   co l i f o rm  l eve l s  i n  



- 28 - 

S6 were   h igh ,   i nd i ca t i ng   poss ib le   con tamina t ion   f rom  fau l t y   on -s i t e   d i s -  

posal  systerils i n   u p l a n d s   r e s i d e n t i a l   a r e a s .  The FC:FS r a t i o   o f  6.6 f u r -  

ther   suggests  human sewage t o  be  the  cause. The remain ing  s torm  dra ins 

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

The A g r i c u l t u r e  Canada Research S t a t i o n   d i s p o s e s   o f  sewage on- 

s i t e   b y  means o f   s e p t i c   t a n k s  and t i l e   f i e l d s .  All l a n d   d r a i n a g e   t i l e s  

on the   p roper t y ,   i nc lud ing   t hose   wh ich   ca r ry   t he   sep t i c   t ank   e f f l uen t ,  

d r a i n   i n t o  two  di tches. One of   these  runs  a long  the  nor th   boundary  o f  

the  farm,  and the   o the r   runs   app rox ima te l y   sou th   t o   no r th   a long   t he   eas t  

boundary,  which i s   a d j a c e n t   t o  Highway 17. These d i t ches   conve rge   a t   t he  

no r theas t   co rne r   o f   t he   p roper t y ,   f r om  wh ich   po in t   t he  combined f l o w  i s  

ca r r i ed   under   t he   h ighway   to  Bazan Bay (14)  i n  S7. Fecal  col i fornls  were 

n o t   d e t e c t e d   i n   s i g n i f i c a n t  amounts i n   t h i s   d i t c h .  

A1 1 homes i n   t h i s   p o r t i o n   o f   t h e   s t u d y   a r e a  , w i t h   t h e  excep- 
t i o n  of  the  Turgoose  Point  area, a r e  se rv i ced   by   on -s i t e  sewage d isposa l  

systems. A s a n i t a r y   s u r v e y   o f   t h e   f o r e s h o r e   d i d   n o t   r e v e a l  any  malfunc- 

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

M a r i n e   f e c a l   c o l i f o r m   d a t a   i s   c o l l e c t e d   b y   t h e  CRD t o  assess 

t h e   e f f e c t   o f   t h e  Bazan  Bay d ischarge on w a t e r   q u a l i t y   i n   t h i s  area.  Por- 

t i o n s   o f   t h e i r   d a t a ,   w h i c h   i s   p r e s e n t e d   i n  Appendix V I I I ,  i n d i c a t e   t h a t  

water  qual i t y  i s  general 1 y worse  than  that   observed  dur ing  th is   survey.  

Once again,   the  dry   weather   condi t ions  encountered  dur ing  the  survey  d id  

no t   pe rm i t   obse rva t i on   o f   t he   poss ib le   po l l u t i on   impac t   o f   s to rm  d ra ins  

on the   mar ine   f o reshore   resu l   t i ng   f rom wet weather  f lows. 

Cent ra l   Saan ich   mun ic ipa l i t y   opera tes   th ree  sewage l i f t  s ta -  

t i o n s   i n   t h e   a r e a   n o r t h   o f  Turgoose  Point . Two o f   t h e s e   s t a t i o n s   a r e  

smal l  pumps se rv i c ing   two  homes and i n   t h e   e v e n t   o f  an ove r f l ow   cond i -  

t i o n  sewage would e x i t   v i a   t h e  manhole  cover. The t h i r d   s t a t i o n ,   l o c a -  

t e d  on Ar thur   Dr ive,  has  an  emergency o v e r f l o w   t o   t h e   f o r e s h o r e .  A1 l 

lift s t a t i o n s   o p e r a t e  on 1 i n e   v o l t a g e  and  do n o t   h a v e   a u x i l i a r y  power. 

The A r t h u r   D r i v e   s t a t i o n  has a w a r n i n g   l i g h t   t o   i n d i c a t e  pump malfunc- 

t i o n s  and a standby pump.  The frequency and d u r a t i o n   o f  l i f t  s t a t i o n  

over f lows i s  n o t   k n o m  and it i s   d i f f i c u l t   t o   p r e d i c t   t h e   e f f e c t  on 
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t h e   f o r e s h o r e   o f  such  occurrences.  There  were no l i f t  s ta t i on   ove r f l ows  

noted  dur ing  the  survey.  

1 

m 

m 

4.3 Saanichton Bay (Mar ine   S ta t ions  39 - 46) 
All mar ine   s ta t i ons   i n   Saan ich ton  Bay  met t h e   s h e l l f i s h   g r o w i n g  

water   s tandard  wi th   the  except ion o f  s t a t i o n  41. The source o f  contamin- 

a t i o n  a t  t h i s   s t a t i o n ,   w h i c h   i s   l o c a t e d   n e a r   t h e  mouth o f  Sand Hill Creek 

( S 9 )  , was n o t   p o s i t i v e l y   i d e n t i f i e d   b u t  may have  been  caused  by the  

l e v e l s   o f   f e c a l   c o l i f o r m s   i n  S9. During  the  survey,  f reshwater samples 

taken a t  t h e  mouth o f  Sand H i  11 Creek , and upstream on Central   Saanich 

Road (S9A, S9B) showed low mean f e c a l   c o l i f o r m   l e v e l s   ( L 5 0 / 1 0 0   m l ) .  A 

second  s torm  cu lver t   (S10)   enter ing  a t   the mouth o f  Sand H i  11 Creek a1 so 
had l o w  f e c a l   c o l i f o r m   l e v e l s .   F e c a l   c o l i f o r m   l e v e l s  i n  Sand Hill Creek 

increased  dur ing  January sampl i n g  (RFC = 500/100 m l )  and it i s   a n t i c i p a t e d  

tha t   mar ine   wa te r   qua l i t y   wou ld   de te r io ra te  as a r e s u l t  o f  h i g h   r a i n f a l l .  

The FC:FS r a t i o   o f  0.12 ob ta ined   i n   January   i nd i ca tes   t ha t  much o f  t he  

feca l   con taminat ion  was o f  animal o r i g i n   w h i c h   i s   s u p p o r t e d  by the  up- 

stream  observat ions.   This  creek  drains  consi   derabl  e a g r i c u l t u r a l   a r e a  , 
i n c l u d i n g  a t  l e a s t  one d a i r y  farm.  Time d id   no t   pe rm i t  a fa rm  survey   to  

be   car r ied   ou t   nor  were the  dra inage  boundar ies  o f  Sand Hill Creek de- 

l ineated. A th i rd   f reshwater   source   (S11)  , l o c a t e d  on t h e  SE s i  de o f  

Saanichton Bay a l s o   d r a i n s   a g r i c u l t u r a l   l a n d  a1 though no feca l  contam- 

i n a t i o n  was observed a t  t h i s   s t a t i o n   d u r i n g   t h e   s u r v e y .  

Three sewage 1 i f t  s t a t  i o n s  have  emergency over f lows t o  
Saanichton Bay which  discharge  at :  (i) Turgoose  Point; ( i   i )  Sand H i  11 
Creek and ( i  i i) SE corner  of   Saani   chton Bay. A1 1 these 1 i f t  s t a t i o n s  

have  dual pumps and warning 1 i g h t s   b u t   a r e   n o t   e q u i p p e d   w i t h   a u x i l   i a r y  

power. The l a t t e r   s t a t i o n   s e r v i c e s   t h e  Tsawout Band Indian  Reserve  (East 

Saanich  Indian  Reserve)  and a l l  homes on t h e   r e s e r v a t i o n  have r e p o r t e d l y  

been  connected.  Central   Saanich  municipal   staf f   conduct  weekly  mainten- 

ance  checks a t   t hese   s ta t i ons .  
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A f o u r t h  sewage l i f t s t a t i o n   ( p r i v a t e )   s e r v i c e s   t h e  KOA camp- 

ground and pumps sewage to   the  Centra l   Saanich  system.  In   the  event   o f  

an o v e t f l o w  f r o m  t h i s   s t a t i o n ,  sewage i s  d i scha rged   to  a t i l e   f i e l d   l o -  

cated a cons iderab le   d is tance  f rom  the   fo reshore  i t  i s   u n l i k e l y   t h e r e  

would  be  any  contaminat ion  resul t ing  f rom an over f low.  

A1 1 t h e  1 i f t  stat ions  mentioned  above pump sewage to   the  Centra l   Saanich 

WPCC, l oca ted  on t h e   e a s t e r n   s i d e   o f  Cordova Spi t .   There was  no evidence 

o f  sewage e f f l  uent  from t h i s   p l a n t   a d v e r s e l y   a f f e c t i n g   w a t e r   q u a l i t y   i n  

Saanichton Bay. However, a study  conducted  by EPS i n  1972 (4) concl uded 

t h a t  sewage discharged  frorn  the  Central  Saanich STP c o u l d  be swept i n t o  

Saanichton Bay d u r i n g  a f l o o d   t i d e .   T h i s   c o n c l u s i o n  was based on c u r r e n t  

p r e d i c t i o n s   b y   t h e  Canadian  Hydrographic  Service.  Computer  simulations 

on t h e   d i s p e r s i o n  and d i l u t i o n   p a t t e r n   o f  sewage d i scha rged   f rom  th i s  

p lan t   i nd i ca te   t ha t   t he   wes te rn   f o reshore   o f   Co rdova   Sp i t  can become 

contaminated  a t  an unknown frequency. These c a l c u l a t i o n s  were  based  on 

the   observed  feca l   co l   i fo rm  d ischarge mean o f  140 O O O / l O O  ml (see sec- 

t i o n  4.4) and an assumed Tgo = 6 h o u r s   ( b a c t e r i a l   d i e - o f f   r a t e ) .  

A minor  source o f   f eca l   con tamina t ion   t o   Saan ich ton  Bay i s   t h e  

d ischarge of sewage from anchored  vessels. Some l o g  booming a c t i v i t y  

t a k e s   p l a c e   i n   t h e   b a y  and it i s   u n l i k e l y   t h e   l o g  hand1 ing  boats  have 

sewage ho ld ing   tanks .  

4.4 Cordova S p i t   t o  Sayward  Beach, i n c l u d i n g  James I s l a n d  

( M a r i n e   S t a t i o n s  47 - 69) 
M a r i n e   w a t e r   q u a l i t y   i n   t h i s   p o r t i o n  o f  the  s tudy  area was 

a c c e p t a b l e   w i t h   t h e   e x c e p t i o n   o f   s t a t i o n s  58 and 62, which  exceeded  the 

shel l f ish  growing  water   s tandard.   Fecal   contaminat ion was noted i n  all 
s t a t i o n s   i n   t h e   v i c i n i t y   o f   t h e   C e n t r a l  Saanich  discharge and h ighe r  

than  normal 1 eve1 s were   recorded  a t   s ta t ions  57,  59, and 61 -64 on 

November 23,  1979. It i s   n o t  known whether   the  increased  fecal   co l i for r l l  

MPN's resu l ted   f ro rn  a landwash e f f e c t  due t o  r a i n   w h i c h   f e l l  on November 

2 2  and 23 or  whether a recorded  equipment   mal funct ion  in   the EPS labora-  

t o r y  was responsib le .  The r e s u l t s   f o r   t h i s  sampl ing  have  not  been 

m 

I 



- 31 - 

m 

i n c o r p o r a t e d   i n t o   t h e   c a l   c u l   a t i  on o f   t h e  median and 90 p e r c e n t i l  e b u t   a r e  

i n c l u d e d   i n  Appendix 111. Mon i to r i ng   da ta   co l l ec ted   by   t he  CRD i n d i c a t e  

feca l   con tamina t ion   a r i s ing  frorrl the   d ischarge  o f   the   Cent ra l   Saan ich  STP 

e f f l  uent  extends a t  l e a s t  as f a r  as sample s t a t i o n  6 1  (Appendix VI 11) and 

the   da ta   p resented   here in  shows con tamina t ion   reach ing   s ta t i on  62. Dur- 

i n g   t h i s  survey,  the mean f e c a l   c o l   i f o r m   l e v e l   o f   t h e   C e n t r a l   S a a n i c h  

p l a n t  was 142 330/100 m l  rep resen t ing  an M. P. E. o f  50. This   t reatment  

p l a n t   i s  an o x i d a t i o n   d i t c h   d e s i g n  and was opera t ing   we l l   dur ing   the   sur -  

vey. A 24 hour  composite  chelllical  sample o f   t h e  e f f l  uent  taken on 

November 28, 1979, i n d i c a t e d  88 and 94 per   cent   removal   o f  BOD5 and NFR 

respec t ive ly   (Append ix  VI, Table 1). Moni to r ing   da ta   ob ta ined  f rom  the  

WMB shows t h a t   t h i s  degree o f   t rea tmen t   i s   no t   a lways   a t ta ined   p resumab ly  

due, i n   p a r t ,   t o   t h e   e f f e c t s   o f  wet weather  f lows. 

The r e s u l   t s  o f  marine sampl i n g  a1 ong the  western  shore  o f  

James I s land  and over James S p i t   i n d i c a t e  sewage e f f l uen t   d i scha rged   by  

t h e   C e n t r a l   S a a n i c h   P l a n t   i s   n o t   a f f e c t i n g   w a t e r   q u a l i t y   i n   t h i s   a r e a .  

There  were  no  f reshwater   sample  s ta t ions  estab l   ished  a long  th is   por t ion 

o f   t h e   s t u d y   a r e a   s i n c e  much o f   the   d ra inage  f lowed  westward  , away f rom 

the   fo reshore .  A d r a i n a g e   d i t c h   l o c a t e d   a t   t h e   n o r t h e r n  end o f   I s l a n d  

View Beach repor ted ly   d ischarges   th rough a  submerged o u t f a l l   a l t h o u g h  

t h i s  was not  observed. The uplands  area does not  support  any  animal s 

except a few  horses  however   the  impact   o f   th is   dra inage  d i tch on t h e  

mar ine   wa te r   qua l i t y   du r ing  wet weather  condit ions  cannot be pred ic ted .  

4.5 Sayward  Beach t o  Gordon  Head  (Marine  Stat ions 70 -84)  

All marine  sample  stat ions i n   t h i s   p o r t i o n   o f   t h e   s t u d y   a r e a  

met the  she1  1 f ish  growing  water   s tandard  dur ing  the November sampl i n g  

program.  However,  storm  drains  monitored i n   t h e  Cordova Bay area had 

h i g h   f e c a l   c o l   i f o m   l e v e l s ,   p a r t i c u l a r l y  S13, S14, S15, S18 and S19. 

The impact o f   these  s to rm  d ra ins  on the  marine  water  qual i t y  was no t  

observed  at   the  low  f lows  encountered. 

I n  January, 1980 a d d i t i o n a l  sarnpl i n g  was done i n   t h e  Cordova 

Bay area t o  assess t h e   e f f e c t s   o f  storm dra inage on the marine  water 
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q u a l i t y   d u r i n g  wet  weather  f lows.  This  data,  summarized i n  Appendix VII, 

shows a s i g n i f i c a n t   i n c r e a s e   i n   t h e  M.P.E.'s f o r  most o f   the   s to rm  d is -  

cha rges ,   pa r t i cu la r l y  S14 and S15. Marine  water  qual i t y  was a1 so much 

poorer   than  tha t   observed  dur ing  November, and on t h e   b a s i s   o f   t h e  lim- 
ited   da ta   ob ta ined ,   wou ld   exceed   the   she l l f i sh   g row ing   wa te r   s tandard  

under wet weather  condi t ions.  

The contaminat ion   o f   the   fo reshore  by  pol 1 u t e d   s t o r m   d r a i n s   i n  

t h e  Cordova Bay area has  been we l l  documented  by o t h e r   i n v e s t i g a t i o n s .  

The so i  1 i n  Cordova Bay has  been descr ibed as having a low  perco l  a t  i o n  

r a t e   s u b j e c t   t o  a seasonal   water   tab le  coming  wi th in  0.6 meters  o f   the 

s u r f a c e .   T h i s   s o i l   c h a r a c t e r i z a t i o n   a p p l i e s   t o  all o f  the   fo reshore  

areas   o f  Cordova Bay from 0 meters t o  20 meters above sea  1 eve1 . I n  

f a c t ,  all s o i l   t y p e s   i n   t h e  Cordova Bay area  are  considered  poor f o r  the  

p roper   f unc t i on ing   o f   conven t iona l   sep t i c   t ank   abso rp t i on   f i e ld   sys tems  

(15 ) ,  a1 though  there  are some minimal  areas  where  septic  tank  disposal 

systems may func t i on .  

Septic  tank  problems began t o   o c c u r   i n   t h e   l a t e  1960 's  and, 

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

tanks were no t   requ i red  on bu i ld ing   p lans   thus   mak ing  i t  d i f f i c u l t   t o  

determine where the  problems were. Sand f i  1 t e r s  were condemned by  the 

h e a l t h   a u t h o r i t i e s   i n  1967 and, as o f   A p r i l  1970, subd iv i s ions  were 

f r o z e n   t o  a 5 acre minimum by t h e   m u n i c i p a l i t y   t o   a l l e v i a t e   f u r t h e r  

heal th   hazards  resul t ing  f rom  inadequate sewage disposal  systems. 

Dur ing   t he  summer o f  1979, t h e   C a p i t a l   R e g i o n a l   D i s t r i c t   H e a l t h  

Uni t   conducted a san i ta ry   survey   o f  Cordova Bay and i d e n t i f i e d  156 m a l -  

func t ion ing   d isposa l   sys tems  ou t   o f  908 l o t s   v i s i t e d .   H e a l t h   U n i t   m o n i -  

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

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

th is   mon i to r ing   da ta ,   the   Cordova Bay beach was c l o s e d   t o  swimming du r ing  

1979. 

The C l  aremont  School  discharges  treated sewage under   permi t   to  

the  sur face  s torm  dra in   system  which  eventual ly   reaches  the  foreshore 

t h r o u g h   e i t h e r  S15 o r  S16. Time d id   no t   pe rm i t  an examinat ion   o f   the  

t reatment  works  or  sampl i n g   o f   t h e   f i n a l   e f f l u e n t .  The treatment  system 

i n c l u d e s   s e p t i c   t a n k s ,   c h l o r i n a t i o n   f a c i l i t i e s   w i t h  1 hour   re ten t i on ,  
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s low sand f i l t e r  and t i l e   f i e l d  system. P r o v i d i n g   t h e   c h l o r i n a t i o n  

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

a f f e c t   m a r i n e   w a t e r   q u a l i t y   r e l a t i v e   t o   o t h e r  sewage disposal   problems 

docunented i n  Cordova Bay. 

The s o u t h e a s t e r n   p o r t i o n   o f  Cordova Bay i s  sewered , and i s  p a r t  

o f   t h e   F i n n e r t y  Cove c o l l e c t i o n  system.  There  are  three sewage 1 i f t  

s t a t i o n s   w i t h  emergency  marine  overflows. A summary o f  a1 1 sewage 1 i f t  

s t a t i o n s   w i t h   m a r i n e   o v e r f l o w s   f o r   t h e   F i   n n e r t y  Cove system i s  presented 

i n  Tab1 e 7. Du r ing   t he  November survey,  overf lows were no ted   a t   t he  

D u r l i n g  and Van t re igh t  1 i f t  s t a t i o n s .  None o f   t h e  pump s t a t i o n s  have 

a u x i l i a r y  power a l though a l l  a re   equ ipped  w i th   warn ing   l igh ts  and dual 

pumps.  The  Ash  Road  pump s t a t i o n   i s   c o n t i n u o u s l y   t e l e m e t e r e d  a t  the  main 

f i r e   h a l l .  

S18 i s   t h e   m a j o r   d r a i n a g e   s t r e a m   t o   t h i s   a r e a  and c o l l e c t s  

sur face  dra inage  f rom  the  Shel lbourne  area.  The M.P.E. o f   t h i s   s t a t i o n  

was l e s s   t h a n  one d u r i n g   t h e  November sampling  program  but  increased t o  

over 3 d u r i n g   J a n u a r y   i n d i c a t i n g   t h i s   d r a i n  may have a s i g n i f i c a n t   i m p a c t  

o n   r e c e i v i n g   w a t e r   q u a l i t y   d u r i n g  wet weather  periods. 

I n   a d d i t i o n   t o   t h e   s t o r m   d r a i n s  sampled, t h e r e   a r e  14 o the r  

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

the   s tudy   a rea .  The impact   o f   these  s to rm  d ra ins   on   rece iv ing   water  

q u a l i t y   d u r i n g  wet  weather  f lows i s  unknown. 

4.6 Gordon Head t o  Telegraph Cove (Mar ine   S ta t i ons  85-93) 
All m a r i n e   s t a t i o n s   i n   t h i s   p o r t i o n   o f   t h e   s t u d y   a r e a  exceeded 

t h e  she1 1 f i sh   g rowing   water   s tandard .  The major  source  of  fecal  contam- 

i n a t i o n   t o   t h e   f o r e s h o r e  was t h e   d i s c h a r g e   o f  comminuted sewage th rough 

t h e  Fi  n n e r t y  Cove o u t f a l l .   D u r i n g   t h e   s u r v e y ,   t h e  mean f e c a l   c o l   i f o r m  

c o u n t   o f   t h e   e f f l   u e n t  was 4. 96x1O6/1O0 ml  , rep resen t ing  an M.P. E. o f  

10 580. This   d ischarge  accounted   fo r  92% o f   a l l  measured f e c a l   c o l i f o r m  

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

l e v e l s   i n   m a r i n e  samples,   v isual   evidence  of   the sewage d ischarge was 

n o t e d   a t   v a r i o u s   l o c a t i o n s  on t h e  beach  south o f   t h e   d i s c h a r g e .  



- 34 - L 

O b  
W L  
c , W  
5 >  
E O  .- 
0 0  

W 
I n k -  

ccv)  
O Q  
* E  
z a  o x  

c 
0 

0 

u 5 

A 
0 

.r 

aJ > 
V 
0 

c, 
>r 
L 
aJ c 
I= 

LL 
'I- 

v) aJ 
c, 
3 
c .I- 
E 
0 m 
I 
0 
ul 

(v 

c, 
t 
W 

ln 
V 

W 
L 
0 

aJ 
C 

Q 

4 

.I- 
F 

a 
t .? 
c 
a 

wt 



a 

II 

I 

- 35 - 

A l though   the   p rov inc ia l  WMB p e r m i t   s t i p u l a t e s   c h l o r i n a t i o n   o f  

t h i s   e f f l u e n t ,   t h e  dose r a t e  used ,du r ing   t he   su rvey   pe r iod  was i n s u f f i -  

c i e n t   t o   e f f e c t  any  decrease i n   t h e   f e c a l   c o l i f o r m   l e v e l s .  

Only one s to rm  d ra in  (S20) was monitored i n   t h i s  area  a l though 

14 were i den t i f i ed   by   Saan ich   mun ic ipa l   s ta f f .   Th i s   s to rm  d ra in  had  ney- 

l i g i b l e   c o n t a m i n a t i o n   a l t h o u g h  i t  may i n t e r m i t t e n t l y   r e c e i v e  r a w  sewage 

as   t he  A1 p ine  sewage l i f t s t a t i o n  emergency o v e r f l o w   d i s c h a r g e s   t o   t h i s  

c u l v e r t .  A second  sewage l i f t  s t a t i o n  emergency o v e r f l o w   f o r   t h e  Shoreway 

s t a t i o n   d i s c h a r g e s   i n   t h e   v i c i n i t y   o f   m a r i n e   s t a t i o n  86. No over f lows 

were  noted  dur ing  the  survey  per iod,   however ,   Saanich  munic ipa l   s ta f f  

repo r ted  an o v e r f l o w   a t   t h e  A1 p i n e   s t a t i o n   o n  November 22, 1979, which 

occur red  as a r e s u l t   o f  a 2 hour power f a i l u r e .   N e i t h e r   o f   t h e s e   t w o  

s t a t i o n s   h a v e   a u x i l  iary power. 
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APPENDIX I MARINE SAMPLE STATION LOCATIONS AND DESCRIPTIONS 

STATION LATITUDE LONG1 TUDE DESCRIPTION 

1. 
2. 
3. 
4. 
5 .  

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2 5. 

48'40.43 
48 O40.30 
48'40.05 
48'39.99 I 

48'39.96 
48 "3 9.95 I 

48O39.78 
48'39.70 I 

48 '3 9.66 I 

48 "3 9.63 
48'39. 78 I 
48'39.92 I 

48 "3 9.63 I 

48 "3 9.55 I 

48 "3  9.47 I 
48O39.30 I 

48'39.15 
48'38.93 I 

48 O38.82 ' 
40'38.77 I 

48 '38.73 ' 
48 '38.50 
48O38.42 I 

48'38.31 
48'38.20 

123'23.68' 
123'23.72 I 

123'23.78' 
123'23.84 
123'23.90 
123'24.04 I 

123'24.11' 
123'24.08 
123 '24.00 
123'23.80 I 

123'23.62 I 

123'23.48 
123 '23.49 I 

123 '23.55 I 

123'23.63 I 

123O23.58' 
123'23.76 
123'23.56' 
123 '23.56 I 

123'23.62 
123 '23.68 I 

123 '23.90 
123'23.98 
123'24.10 I 

123 '24.20 I 

Tsehurrl Harbour 

Tsehunl Harbour 

Tsehum Harbour 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Roberts Bay 

Sidney 

Sidney 

Sidney 

Sidney 

Sidney 

Sidney 
Sidney 

Sidney 

Sidney 

Sidney 

Sidney 

Bazan Bay 

Bazan Bay 

continued... 
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APPENDIX  I MARINE SAMPLE STATION LOCATIONS AND DESCRIPTIONS 
(cont  i nued) 

STATION LATITUDE LONGITUDE  DESCRIPTION 

26. 

27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
3 5. 
36. 
37. 
38. 
39. 
40. 
41. 

42. 
43. 
44. 
4 5. 
46. 
47. 
48. 
49. 
50. 

48'38.13 
48'38.02 
48'37.90 I 

48'37.67 
48'37.54 

48'37.42 I 

48'37.23 
48'37.04 I 

48036. a2 I 
48'36.60 I 

48'36.42 
48'36.23 I 

48'36.13 
48 '36.02 
48'35.87 
48'35.72 

48'35.72 
48'35.65' 
48'35.60 I 

48'35.65 I 

48'35.90 I 

48'37.10 I 

48'36.70 I 

48  '36.05 
48'35.84 

123 '24.25 I 

123'24.32 
123 '24.48 
123 '24.48 I 

123'24.38 I 

123 '24.30 I 

123'24.20 I 

123'24.05 
123'23.80 
123'23.62 
123'23.59 I 

123'23.50 I 

123'23.50 I 

123'23.12' 
123'23.12 I 

123'23.38 I 

123'23.15 I 

123'22.92 
123'22.70 
123 '22.48 
123'2'2.21 ' 
123'22.70 
123'21.90' 
123'21.18' 
123'21.18' 

Mouth o f  Reay Creek 

Bazan Bay 

Bazan  Bay 

Bazan Bay 

Bazan Bay - 
o u t f a l l   m a r k e r  

Bazan Bay 

Bazan  Bay 

Bazan Bay 

Bazan Bay 

Bazan Bay 

Bazan Bay 

Bazan Bay 

Turgoose  Point 

Turyoose  Point 

Turgoose  Point 

Mouth o f  Sand 
Hill Creek 

Saanichton Bay 

Saanichton Bay 

Saanichton Bay 

Saanichton Bay 

Cordova S p i t  
James Is1 and 

James Is1 and 

James Is1 and 

James Is1 and 

continued.. . 



I - 42 - 

Q 

APPEND1 X I M A R I N E  SAMPLE  STATION  LOCATIONS AND DESCRIPTIONS 
(continued) 

~~ 

STATION LAT I TUDE LONGITUDE  DESCRIPTION 

51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 

59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 

69. 
70. 
71. 
72. 
73. 
74. 
75. 

48035.73' 
48'35.40 
48'35.24 
48 '34.65 ' 
48'35.78 I 

48'35.73' 
48'35.43 I 

48'35.35 I 

48'35.22 I 

48'35.05 I 

48 "3 5.00 ' 
48'34.57 I 

48  "34.35 I 
48'33.91 ' 
48'33. 52 
48'33.30 
48'33.00 
40 '32.72 ' 
48'32.50 
48'32.38 
48'32.00 ' 
48'31.72 
48'31.59' 
48'31.22 ' 
48'30.87 I 

123'21.30' 
123'20.90 
123'20.19' 
123 '1 9.90 ' 
123'22.10' 
123'21.82 
123'22.25' 
123'21.82 

123'21.15' 
123'21.58' 
123O22.18' 
123'21.95 I 

123'21.90 ' 
123'21.95 ' 
123'21.71 I 

123'21.67 I 

123"21.80' 
123'21.12 ' 
123'21.16 ' 
123'21.78 
123'21.88 I 

123'21.86 I 

123'21.80 I 

123'21.67' 
123'21.71 

James  Is1  and 
James  Is1  and 
James  Spit  
James  Spit  
Cordov a Sp i t  
Cordova  Channel 
Cordova  Spit 
v ic in i ty  Central 
Saanich   ou t fa l l   bo i l  
Cordova  Spit 
Cordova Channel 
Is1 and View Beach 
Is1 and View Beach 
Is1  and View Beach 
Cowi c han Head 
Cowichan Head 
Cowi chan Head 
Cowichan Head 
Sayward Beach 

Sayward Beach 
Sayward fkac h 
Sayward  Beach 
Sayward Beach 
Agate  Park 
Cordova Bay Park 
Cordova Bay 

continued.. . 
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APPENDIX I MARINE SAMPLE STATION  LOCATIONS AND DESCRIPTIONS 
(cont inued)  

STATION LAT I TUDE LONG I TUDE DESCRIPTION 

76. 
77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 
85. 

86. 

87. 

88. 
89. 

90. 

91. 

92. 

93. 

48'30.78 I 

48'30.38 I 

48'31.15 

48'29.85 

48'29.73 

48'29.70 

48'29.75 
48 '2 9.81 I 

48 "2 9.74 
48'29.63 

48 '2 9.22 I 

48'28.75 I 

48'28.59' 

48O28.48' 

48'28.45 

48  '28.40 I 

48'28.12 

48'27.00 I 

123'21.55 

123O20.98 

123 '20.48 

123 '1 9.' 87 

123'19.45' 

123'19.23' 

123 '18.98 

123'18.70 I 

123'18.49 
123'18.15 I 

123'18.05 I 

123'18.00 

123'18.00 I 

123'17.82 

123'17.68 I 

123'17.32' 

123'17.00 I 

123'16.75 

Cordov a Bay 
Cordova  Bay 

Cordov a Bay 

Cordova  Bay 

Cordov a Bay 

Cordova Bay 

Cordova Bay 

S t .  Margaret Bay 

S t .  Margaret Bay 
Gordon Head 

Gordon Head 
Arbutus Cove 

Arbutus Cove 

F i   n n e r t y  Cove 

F i  n n e r t y  Cove 

F i   n n e r t y  Cove 

F i   n n e r t y  Cove 

Telegraph Cove 



- 44 - 

APPEND1 X I I 

FRESHWATER  SAMPLE  STATION  LOCATIONS 
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APPEND1 X I I FRESHWATER SAMPLE STATION LOCATIONS 

STATION LOCATION RECE I VI NG WATER 

s1 
S 2  

s 3  
s4  

S 4A 

s 48 

s 5  

S6 

s7 

S8 

s9 

S 9A 

S 9B 

s 10 

s 11 

S 11A 

s 12 

S 13 

s t o m   c u l v e r t   a t   f o o t   o f   A r d w e l l  Road 

dra inage  d i tch   bes ide   P ine l ia  sewage 
1 i f t  s t a t i o n  

d r a i n a g e   d i t c h  a t  Wei le r  Ave 

Reay  Creek a t  mouth 

Reay  Creek a t  H i  ghway 17 

Reay  Creek a t  Canora Road 

s t o r n l   c u l v e r t   n o r t h   o f  McTavish Road 
a t  Loc hsi   de 

d r a i n a g e   d i t c h   a t   f o o t   o f  Bazan  Bay Road 
( a d j a c e n t   t o  STP) 

d r a i n a g e   c u l v e r t   a t   n o r t h  end o f  
Bazan Bay Park  (at   mouth) 

d r a i n a g e   c u l v e r t  a t  south end o f  
Bazan Bay Park (a t   Lochs ide  Dr.) 

Sand Hill Creek a t  mouth 

Sand Hi1 1 Creek a t  M t .  Newton X Road 
and Central  Saanich Road 

Sand Hi1 1 Creek a t  C. Saanich Road 
approx. 600 m south o f  M t  . Newton X Road 
d r a i n a g e  culver t  a t  mouth o f  
Sand Hill Creek 

d r a i n a g e   d i t c h  a t  eas t  end o f  Beach  Road, 
Tsawout I.R. ( a t  mouth) 

approx imate ly  150 m upstream  from S11 
d r a i n a g e   d i t c h   a t  mouth  near  beach 
access  on  Parker  Dr ive 

d r a i n a g e   c u l v e r t  a t  mouth, f o o t  
o f  Wal ema D r i v e  

Roberts Bay 

Roberts Bay 

Bazan Bay 

Bazan  Bay 
- 
- 

Ba zan Bay 

Bazan Bay 

Bazan Bay 

Ba zan Bay 

Saanichton Bay 
- 

- 

S a a n i c h t o n  Bay 

Saanichton Bay 

Saanichton Bay 

Cordova  Bay 

Cordova  Bay 

continued... 
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APPEND I X I I FRESHWATER  SAMPLE  STATION  LOCATIONS 
(cont inued)  

STATION  LOCATION R E C E  I VI NG WATER 

S 14 drainage  di tch  a t   mouth,   Agate   Park Cordov a Bay 
S 15 d r a i n a g e   c u l v e r t   a t  m o u t h ,  

S 16 drainage  cul vert a t  m o u t h ,  
5091  Cordova Bay  Road 

5056  Cordova Bay  Road 
S 17 d r a i n a g e   c u l v e r t   a t  mouth, 

Cordova Bay Park 

Cordov a Bay 

Cordova Bay 

Cordov a Bay 

S 18 major   d ra inage   c reek   a t  Ash Road,  Cordov a Bay 
Mt. Douglas  Park 

s 19   dra inage   cu lver t  a t  Ash Road ( a t  m o u t h )  S 18 
s 20 d r a i n a g e   c u l v e r t   a t  mouth, 

2400 Arbutus Road 
F i  nner ty  Cove 
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APPEND1 X I I I 

DAILY  BACTERIOLOGICAL  MPN  DATA FOR 

MARINE  SAMPLE  STATIONS 
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APPE NDI X I V 

DAILY BACTERIOLOGICAL MF  DATA  FOR 

FRESHWATER  AND EFFLUENT SAMPLE STATIONS 
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APPENDIX IV: DAILY BACTERIOLOGICAL RESULTS FOR  FRESHWATER 
AND EFFLUENT SAMPLE STATIONS 

FECAL  FECAL 
STAT I ON DATE TIME COLIFORM/100 rnl STREPTOCOCCI/100 rnl 

s1 Nov 8 ,  1979 1125 

Nov  9 1000 

Nov 1 9  1110 

Nov 22 0920 

s 2  Nov 8,  1979 1120 

Nov 22 093 5 

Nov 23 0830 

Nov 27 0825 

Nov 2 8  0840 

s 2  Nov 9, 1979  0955 

upstream Nov 27  0840 

Nov 28  0845 

s 3  Nov 8,  1979  1110 
Nov 9 0930 

Nov 22  0955 

s4 Nov 8,  1979 1100 

Nov  9 0930 

Nov 2 1  1020 

Nov 22 1045 

Nov 2 8  0900 

15  100 

42 000 
2 600 

12  000 

160 

1 600 

590 

110 

126 

260 

15 

63 

180 
80 

1 550 

42 

40 

116 

5 00 

40 

1 280 

5  500 

400 

11 000 

260 

G8 000 

4  400 

660 

105 

660 

62 

67 

38 
90 

1 700 

59 

25 

93 

450 

98 
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APPEND1 X IV: DAILY BACTERIOLOGICAL  RESULTS FOR  FRESHWATER 
AND EFFLUENT SAMPLE STATIONS (continued) 

FECAL  FECAL 
STATION DATE TIME COLIFORM/100 m l  STREPTOCOCCI/lOO ml 

S 4A 

S 4B 

s5 

S6 

s7 

S8 

s 9  

Nov 9,  1979 
Nov 23 

Nov 26 

Nov  27 

Nov 28  

Nov  21,  1979 

Nov 27 
Nov 2 8  

Nov 8,  1979 

Nov  9 

Nov 8,  1979 

Nov 9 

Nov 1 9  

Nov 22 

Nov 8,  1979 

Nov  9 

Nov  27 

Nov 28  

Nov  23,  1979 

Nov 28  

Nov 8, 1979 

Nov 22 

0935 
- 

0825 

0850 
- 

0950 

0900 
092 5 

1055 

0925 

1035 

0920 

1120 
- 

1030 

091  5 

0930 

091  5 

085  5 

0920 

1015 

1100 

28 

G 800 

20 

39 

79 

2  60 

6 
40 

1 
3 

7 600 

35 000 

23 000 

3  200 

34 

19 

0 

13 

20 

8 

12 

15 

1 130 

2  90 

480 

72 

121 

136 

150 
98 

11 
31  

350 

900 

4 600 
4 500 

54 

27 

7 
2 

58 

8 

39 

96 
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APPENDIX IV: DAILY BACTERIOLOGICAL RESULTS FOR  FRESHWATER 
AND EFFLUENT  SAMPLE STATIONS (continued) 

I 

FECAL FECAL 
STATION DATE TIME COLIFORM/100 ml STREPTOCOCCI/lOO rnl 

I 

Y 

S 9A 

S 9B 

s 10 

s 11 

S 11A 

s 12 

S 13 

Nov 21,  1979 

Nov 27  

Nov 28  

Nov 27,  1979 

Nov 28  

Nov 8, 1979 

Nov 9 

Nov 22 

Nov 8,  1979 

Nov 9, 1979 

Nov 27 

Nov 28 

Nov 15,  1997 

Nov 16  

Nov 1 9  

Nov 22 

Nov 23 

Nov 26 

Nov 15,  1979 

Nov 16  

Nov 22 

Nov 23 

Nov 26 

0930 

1005 

0950 

1010 

0955 

1010 

0900 

1105 

1000 

0845 

0955 

0935 

091 5 

0920 

1145 

1120 

0930 

0850 

0930 

0935 

1150 

0940 

0900 

55 

12  

30 

0 

12  

23 
- 
30 

9 

11 

0 

0 

16 
- 

96 

160 

410 

23 

10  000 

12  200 

1 900 

7 700 

6 8  000 

35 

22 

8 

18  

9 

66 

GO 

11 700 

21  

58 

20 

9 

310 

113 

39 

2  50 

410 

39 

24 000 

900 

2  700 

4 400 

4 800 
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APPENDIX IV: DAILY BACTERIOLOGICAL RESULTS FOR  FRESHWATER 
AND EFFLUENT SAMPLE STATIONS (continued) 

6 

FECAL  FECAL 
STATION DATE T I M E  COLIFORM/100 ml STREPTOCOCCI/100 rnl 

S14 Nov 15,  1979 0935 
Nov 16 0945 
Nov 22 1155 
Nov 26 09  10 

S15 Nov 15,  1979 0945 
Nov 16 0955 
Nov 20 1000 
Nov 22 1210 
Nov 23 0950 
Nov 26 09  25 

S15 Nov 20,  1997 
(ups t ream)  

S16 Nov 15,  1979 1340 
Nov 16 1010 
Nov 22 1220 
Nov 23 1000 
Nov 26 0935 

S17 Nov 15,  1979 1325 
Nov 16 1020 
Nov 22 1225 
Nov 23 1015 
Nov 26 0945 

1 700 
5 000 

2 100 
13  100 

1 350 
1 260 

410 
4 300 
1 600 
1 410 

0 

165 
330 
8 20 
480 
110 

1 465 
1 725 

965 
1 870 

760 

670 
2 600 

G8 000 

1 090 

1 240 
3  600 
7 800 

10 500 
3 000 

800 

12 

84 
210 
270 
88 0 

30 

60 
160 
190 
6 30 
80 

r 

I 
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APPENDIX IV: DAILY BACTERIOLOGICAL RESULTS FOR  FRESHWATER 
AND EFFLUENT SAMPLE STATIONS (cont inued)  

FECAL  FECAL 
STATION DATE T I  ME COLIFORM/100 rnl STREPTOCOCCI/100 rnl 

I 

I 

S18 

s19 

s20 

Nov 15,  1979 

Nov 16 

Nov 19 

Nov 22 

Nov 23 

Nov  26 

Nov 15,  1979 

Nov 16 

Nov  22 

Nov 23 

Nov  26 

Nov 15,  1979 

Nov 16 

Nov 22 
Nov 23 

1315 
1030 

1200 

1250 

1030 

0955 

13 10 

1035 

1250 

1030 

0955 

1245 

1055 

1315 
- 

13 500 
300 

280 

1 700 

460 

760 

6 800 

2  600 

200 

112 
190 

0 

0 

44 
0 

2 800 

400 

77 
4 300 

400 

86 

1 130 

1 300 

29 000 

600 

230 

6 

2 

260 
4 
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APPENDIX IV: DAILY BACTERIOLOGICAL RESULTS FOR  FRESHWATER 
AND EFFLUENT  SAMPLE STATIONS ( c o n t i n u e d )  

FECAL  FECAL 
STATION DATE T I  ME COLIFORM/100 m l  STREPTOCOCCI/100 m l  

S idney Nov 8,  1979 1015 

WPCC Nov 9 - 
F i n a l  Nov 21 1030 

Nov 22 1005 

Bazan Nov 8,  1979  1025 

B aY Nov 9 - 
S TP Nov 22 1010 

F i n a l  Nov 28 - 

F i n n e r t y  Nov 15, 1979 1030 

Raw Nov 16 1100 

F i n n e r t y  Nov 15, 1979 1115 

F i n a l  Nov 16  1110 

Nov 20 1120 

Nov  23 

C e n t r a l  Nov 15, 1979  1525 

Saan ich  Nov 16  0900 

F i n a l  Nov  28 

1 . 7 ~ 1 0 6  

7. 1x106 

6x  105 

2 . 8 ~ 1 0 5  

1 . 8 ~ 1 0 5  

5 . 4 ~ 1 0 4  
1 000 

2 900 

2.1x106 

3x106 

2 .8~106  

G 8x105 

9x  106 

3.1x106 

1 . 3 ~ 1 0 5  

1 . 7 ~ 1 0 5  

3 . 8 ~ 1 0 4  

2 . 5 ~ 1 0 4  
2 000 

800 

1 . 3 ~ 1 0 6  

1 . 5 ~ 1 0 6  

1.1x106 

2.9x106 
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APPENDIX V SUMMARY OF S A L I N I T Y  DATA FOR MARINE  STAT1 ONS 

SAMPLE NO. OF S A L I N I T Y  RANGE MEAN SAL I N I  TY 
S T A T I O N  SAMPLES ( P P t )  ( P P t  1 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
1 2  
13  
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27  
28 

8 
8 
6 
6 
6 

6 
6 
7 
7 
6 

6 
6 
7 
6 
6 
7 
6 
7 
7 
7 
7 
7 
6 
8 
9 
9 
8 
6 

30-31 
30-31 
30- 32 
30-32 
30-32 
30-31 
30-31 
30-31 
30-31 
30-31 
30-31 
30-32 
30-31 
30-31 
30-31 
30-32 
30-31 
30-31 
30-31 
30-31 
30-31 
30-31 
30-31 
30 - 32 
30-31 
30-31.5 
30-31 
30-31 

30.3 
30.4 
30.4 
30.7 
30.4 
30.3 
30.4 
30.2 
30.4 
30.5 
30.5 
30.6 
30.2 
30.4 
30.5 
30.6 
30.7 
30. G 
30.5 
30.4 
30.4 
30.7 
30.8 
30.9 
30.7 
30.6 
30.5 
30.4 
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APPENDIX V SUMMARY  OF  SALINITY  DATA  FOR  MARINE  STATIONS 
(continued) 

SAMPLE NO. OF SALINITY  RANGE MEAN  SALINITY 
STATION SAMPLES ( P P t )  ( P P t  1 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42  
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

6  30-31 
6  30-31 
8 30.5-31.5 
8 
8 
6 
8 
7 
6 
7 
6 
8 
7 
6 

6 

6 
7 
6 
7 
6 

6 

6 
6 
5 
7 
7 

30.5-32 
30-32 
30-32 
30-31 
30 - 32 
30-31 
31-31 

30.5-31 
30-31 
30-31 
30-31 
30-32 
30-31 
30-32 
30-32 
28- 30 

30-31 
30-31 

29.5-31 
30-31 
30-31 

29.5-31 
29.5-31 

30.4 
30.4 
30.9 
31.1 
30.9 
30.8 
30.6 
30.9 
30.8 
31.0 
30.8 
30.6 
30.3 
30.6 
30.9 
30.6 
30.8 
31.0 
29.8 
30.3 
30.4 
30.1 
30.3 
30.5 
30.6 
30.4 
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APPENDIX V SUMMARY OF S A L I N I T Y  DATA FOR MARINE  STATIONS 
(continued) 

SAMPLE NO. OF S A L I N I T Y  RANGE MEAN S A L I N I T Y  
S T A T I O N  SAMPLES ( P P t  1 ( P P t  ) 

55 
56 
57 
58 
59 
60 
61 
62 
63  
64 
65 
66 
67 
68 
69 
70 
71 
7 2  
73 
7 4  
75 
76 
77  

78 
79 
80 
81 
82 

7 
8 
8 
8 
8 
8 
8 
7 
7 

7 
6 
7 
7 
6 
6 
7 
8 
8 
8 
8 
8 
8 
7 
7 
7 
8 
7 

7 

29.5-32 
30.5-32 
29.5-32 

30-32 
29.5-32 

30-32 
30-32 
30-32 
30-32 

29.5-32 
30-31 
30-31 
30-31 
30-32 
30-32 
30-31 
30-32 
30- 32 
30- 32 
30-32 
30-32 
30-31 
30-31.5 
30-31.5 
30-31.5 
30-31.5 
30-31 
30-31 5 

30.4 
30.9 
30.4 
30.6 
30.7 
30.8 
30.6 
30.6 
30.5 
30.4 
30.3 
30.4 
30.5 
30.6 
30.8 
30.5 
30.8 
30.9 

30.6 
30.7 
30.9 
30.8 
30.6 
30.6 
30.7 
30.8 
30.7 
30.6 
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APPENDIX V SUMMARY OF S A L I N I T Y   D A T A  FOR MARINE  STATIONS 
(continued) 

SAMPLE NO. OF S A L I N I T Y  RANGE MEAN  SAL I N I  TY 
S T A T I O N  SAMPLES (PPt) ( P P t  1 

83  
8 4  
85  
86 
8 7  
88 
89 
90 
91 
92 
93 
OUTFALL 

6 
7 
6 
6 
6 
6 
6 
7 
7 

6 
6 

4 

30.5-31.5 
30-32 

30.5-32 
30.5-32 
30.5-31.5 
30.5-32 
30.5-32 

31-32 
30.5-32 

30-32 
30-32 
30-31 

30.8 
31.0 
31.1 
31.4 
31.0 
31.1 
31.2 
31.3 
31.3 
30.9 
30.8 
30.4 



- 76 - 

APPENDIX V I  

TABLE 1 : RESULT5 OF 24 HOUR COMPOSITE  SAMPLES  TAKEN  AT 

STUDY AREA  TREATMENT PLANTS, NOVEMBER 28, 1979 

TABLE 2 : SUMMARY OF WMB DATA TO OCTOBER, 1979, 

FOR STUDY  AREA  TREATMENT PLANT5 
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I 

APPENDIX VI1 

TABLE 1 : DAILY  BACTERIOLOGICAL MPN RESULTS FOR MARINE 

SAMPLE  STATIONS,  JANUARY 14 - 17, 1980 

TABLE 2 : SUMMARY  OF BACTERIOLOGICAL  DATA FOR FRESHWATER 

SAMPLE  STATIONS,  JANUARY 14 - 17, 1980 

TABLE 3 : MEAN POPULATION  EQUIVALENTS FOR FRESHWATER 

SAMPLE  STATIONS,  JANUARY 14 - 17, 1980 
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APPENDIX VI I I 

COMPARATIVE  FECAL  COLIFORM MPN  DATA OBTAINED 

BY EPS  AND  CRD I N  ME STUDY  AREA 
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