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ABSTRACT 

A s a n i t a r y   s u r v e y   o f   t h e   M u n i c i p a l i t y   o f   t h e   D i s t r i c t   o f  

Campbell R i v e r  was conducted  by  the  author  i n   c o n j u n c t i o n   w i t h  a 

She l l f i sh   Growing   Water   San i ta ry   Survey   conducted   by   personne l   o f  

the   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c   Reg ion .  

The purpose o f   the   survey ,   conducted   dur ing   February ,  

1976, was t o  a s s e s s   t h e   e f f e c t s   o f   p o l l u t i o n   s o u r c e s   l o c a t e d   w i t h i n  

t h e   M u n i c i p a l i t y  on t h e   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   o f   t h e  

adjacent   foreshore  areas.  

The o p e r a t i o n   o f   t h e  sewage t r e a t m e n t   p l a n t  was evaluated,  

and a dye t r a c e r   s t u d y   o f   t h e   m a r i n e  sewage o u t f a l l  was conducted. 

An assessment o f   t h e   p o l l u t i o n   c o n t r i b u t i o n s   f r o m  10 

f r e s h w a t e r   i n p u t s   l o c a t e d   w i t h i n   t h e   M u n i c i p a l i t y  was conducted, 

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

es t imat ion ,   and  feca l   con taminat ion   source   de termina t ion .  



L'auteur  a  men6  une  6tude  sanitaire  de  la  municipalit6 

du  district  de  Campbell  River  pendant  que  le  personnel  du  Service 

de protection de l'environnement  (rggion du Pacifique)  se  chargeait 

de mener  une  Gtude  sur  la  salubritg  des  eaux  servant B la  culture 
des  mollusques  et  des  crustac6s. 

L'gtude,  menGe  durant  fgvrier 1976, avait  pour  objet 

d'6valuer  les  effets  que  produisent  des  sources  de  pollution  situges 

dans  la  Municipalitg,  sur  la  qualit6 de I.'eau  6.?sgr'eves  et des  environs 

immgdiats,  du  point  de  vue  bactgriologique. 

On  a  6valub  le  fonctionnement des stations  d'6puration 

des eaux  us6es  et  effect&  des  traqages, B l'aide  de  colorants, de  la 
dgcharge  marine  de  ces  eaux. 

En  plus,  on  a  6valu6  les  apports  en  pollution  provenant  de 

10 entr6es  d'eau  douce  situges  dans  la  Municipalit6, y compris  la 

prise  d'Gchantillons,  l'analyse  bactGriologique,  l'estimation du  dgbit 

et  la  dgtermination  de  la  source de  contamination  fGcale. 
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CONCLUSIONS 

The m a j o r   i d e n t i f i e d   c o n t r i b u t o r s   o f   b a c t e r i a l   p o l l u t i o n  

t o   D i s c o v e r y  Passage f r o m   t h e   D i s t r i c t   o f  Campbell  River  were: 

1 .   t he   Campbe l l   R i ve r   Wate r   Po l l u t i on   Con t ro l   Cen t re   f i na l   e f f l uen t ;  

2 .  t h e   6 t h  Avenue s t o r m   d r a i n ;  

3. Simms Creek; 

4. Wi l low  Creek. 

The mean p o p u l a t i o n   e q u i v a l e n t   o f   t h e  Campbell   River WPCC 

f i n a l   e f f l u e n t  was 360; however,  the r e l a t i v e  degree o f   i n f l u e n c e   o f  

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

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

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

i n  comparison t o   t h e  Campbell   River WPCC e f f l u e n t ,   b u t   c o u l d  be 

e x p e c t e d   t o   r e d u c e   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   i n   t h e   l o c a l i z e d  

i n t e r t i d a l  zones. 

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

foreshore was t h e   s e p t i c   t a n k  - a b s o r p t i o n   f i e l d  seepage f rom  the  

unsewered  houses l o c a t e d  on I s l a n d  Highway  from  3rd Avenue t o   6 t h  

Avenue. Th is  was conf i rmed  by   v isua l   observa t ion   and  the   feca l  

c o l i f o r m   r e s u l t s   o b t a i n e d   f r o m   m a r i n e  sample s t a t i o n s   l o c a t e d   a d j a c e n t  

t o   t h i s   a r e a   ( 1 ) .  
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1 INTRODUCTION 

The M u n i c i p a l i t y   o f   t h e   D i s t r i c t   o f  Campbell  River  had an 

e s t i m a t e d   p o p u l a t i o n   o f  12,640 i n  1975 ( 2 ) .  The u n o r g a n i z e d   d i s t r i c t s  

o f  Quinsam  and  Nor th  Campbel l   R iver ,   located  ad jacent   to   the 

m u n i c i p a l i t y ,  had  an  est imated  combined  populat ion  o f  4,410 i n  1975. 

The Campbe l l   R i ve r   Wate r   Po l l u t i on   Con t ro l   Cen t re   t rea ts   a l l  sewage 

f r o m   t h e   m u n i c i p a l i t y   e x c e p t   f o r  a f ew   i so la ted   a reas   wh ich   a re  still 
i n   t h e   p r o c e s s   o f   c o n n e c t i n g   t o   t h e  sewerage  system. Econom 

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

a n d   s e r v i c e   i n d u s t r i e s .  

The purpose o f   t h i s   s u r v e y  was t o   e v a l u a t e   t h e   i n f  

C 

tour ism,  

uence o f  

munic ipa1,domest ic   and  f reshwater   d ischarges  f rom  the  Munic ipa l i ty   o f  

t h e   D i s t r i c t  of  Campbe l l   R i ve r   on   t he   bac te r io log i ca l   wa te r   qua l  i t y  

of   the  ad jacent   foreshore  areas.   Th is   survey was c a r r i e d   o u t  

c o n c u r r e n t l y   w i t h  a she1 lfi sh  g rowing   water   san i ta ry   survey   (1  ) . 
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2 PROCEDURES AND METHODS 

All samples f o r  chemical   analyses  were  co l lected i n   1 - l i t r e  

b o t t l e s .   M o s t   o f   t h e  sewage t reatment   p lant   samples  were  approx imate 

24 h r   c o m p o s i t e s   c o l l e c t e d   u s i n g  an ISCO Continuous  Sampler.  Samples 

were s t o r e d  a t  4OC and submi t ted   t o   t he   Env i ronmen ta l   P ro tec t i on   Se rv i ce  

Labora tory ,  West Vancouver. pH  was de te rm ined   on   s i t e ,   us ing  a 

Radiometer pH meter  (Type PHM29). 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  170 and 340 cc  wide-mouthed  bott les  and 

submi t ted   t o   t he   Env i ronmen ta l   P ro tec t i on   Se rv i ce   mob i l e   l abo ra to ry ,  

l o c a t e d   d u r i n g   t h e   s u r v e y  a t  Campbell R i ve r .  The  sewage t rea tmen t  

p l a n t   f e c a l   c o l i f o r m  MPNs were   de termined  us ing   the   mu l t ip le   tube 

f e r m e n t a t i o n   t e c h n i q u e ,   w h i l e   t h e   f r e s h w a t e r  sample f e c a l   c o l i f o r m s  

and feca l   s t rep tococc i   were   de termined  us ing   the  membrane f i l t r a t i o n  

techn ique.   F low  es t imates   o f   the   c reek ,   s to rm  d i tch ,   and  s to rm  d ra in  

sample s ta t ions   were   de termined  us ing   an   es t imated   c ross-sec t iona l  

a r e a   a n d   c u r r e n t   v e l o c i t y .   D a i l y   f l o w   d a t a   f o r   t h e   C a m p b e l l   R i v e r  

Water P o l l u t i o n   C o n t r o l   C e n t r e  was prov ided  by  the  operator .   Data 

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

a c t u a l   f l o w   i n t o   t h e   t r e a t m e n t   s e c t i o n   s i n c e :   ( 1  ) t h e r e  was no 

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

survey ,   and  (2 )   in fo rmat ion   ob ta ined  f rom  the   t rea tment   sec t ion   f low 

r e c o r d e r  was  deemed u n r e l i a b l e  due to   mechan ica l   opera t ion   p rob lems.  

2.1 Popu la t i on   Equ iva len 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 sou rce   o f   f eca l   o rgan isms  

can  be   ca lcu la ted   by   de termin ing  a s t a n d a r d i z e d   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   p e r   c a p i t a   t o   t h e  sewage system. The s tandard  

t o t a l   c o l i f o r m   c o n t r i b u t i o n   i s  1.6 x lo1'  t o t a l   c o l i f o r m s l p e r s o n l d a y .  
* 

* 
U.S. P u b l i c   H e a l t h   P u b l i c a t i o n  No. 33. 
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The 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   i n   d o m e s t i c  sewage has 

been   es t ima ted   a t  20% o f   t h e   t o t a l   c o l i f o r m   c o n c e n t r a t i o n   ( 3 ) .   T h i s  

y i e l d s  a v a l u e   o f   3 . 2  x lolo feca l   co l i f o rms /pe rson /day .  

Example: Popu la t i on   Equ iva len t   o f   Campbe l l   R i ve r  WPCC E f f l u e n t  

February 5, 1976 

P lan t   F low = 1.21 MGD 

Fecal   Col i form  Count  = 5.0 x 10 MPN/100 mR 4 

P o p u l a t i o n   E q u i v a l e n t  = Fecal   Col i forms  Discharged  per Day 

Fecal  Coli   forms/Person/Day 

= 1.21 x 10 x 5 x 10 x 45.45 6 4 
10 3.2 x 10 

= 86 

There fore ,  on February 5, 1976, t h e   f e c a l   c o l i   f o r m   c o n t e n t   o f   t h e  

Campbell   River WPCC E f f l u e n t  was e q u i v a l e n t   t o   t h e  r a w  sewage 

c o n t r i b u t i o n   o f  86 people. Mean p o p u l a t i o n   e q u i v a l e n t   f i g u r e s  

p resen ted   i n   Append ices  111, IV, and VI a r e   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   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   o f   t h e   s a m p l e s   t a k e n  and the  

ave rage   f l ow   du r ing   t he   su rvey   pe r iod .  

2.2  Fecal   Streptococci  

Membrane f il t r a t i o n   f e c a l   s t r e p t o c o c c i   a n a l y s e s  were 
performed  on a l l   f r e s h w a t e r   s a m p l e s   t o   d e t e r m i n e   t h e   o r i g i n   o f  
feca l   con taminat ion   observed i n   t h e   m a j o r   f r e s h w a t e r   i n p u t s .   G e l d r e i c h  

and  Kenner ( 4 )  have   f ound   tha t   f eca l   s t rep tococc i   dens i t i es   were  

s i g n i f i c a n t l y   h i g h e r   t h a n   f e c a l   c o l i f o r m   d e n s i t i e s   i n   a l l  warm-blooded 

an ima l   f eces ,   excep t   f o r   t ha t   o f  humans. I n  humans, the  FC:FS r a t i o  

was 4.4,  whereas i n   o t h e r  warm-b looded  an ima ls ,   the   ra t io  was l e s s  

than 0.7. A summary o f   t h e   r e s u l t s   o f   t h e   f e c a l   c o l i f o r m  and  fecal  

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

Appendix I I .  
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3 RESULTS AND DISCUSSION 

A l i s t   o f  sample s t a t i o n   l o c a t i o n s   i s   g i v e n   i n   A p p e n d i x  I, 

and a  summary o f  membrane f i l t r a t i o n   b a c t e r i o l o g i c a l   d a t a ,   i n c l u d i n g  

f e c a l   s t r e p t o c o c c i   r e s u l t s ,   a p p e a r s   i n   A p p e n d i x  11. A summary o f  t he  

r e s u l t s   f r o m   a l l   f r e s h w a t e r  sample s ta t i ons   appears  i n  Appendix 111. 

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

sample s t a t i o n s   a r e   p r e s e n t e d   i n   A p p e n d i x  IV. 

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

f rom  the  sewage t r e a t m e n t   p l a n t   e f f l u e n t   a r e   p r e s e n t e d   i n   A p p e n d i x  V .  

Appendix VI l i s t s   t h e   p o p u l a t i o n   e q u i v a l e n t s   a n d   l o a d i n g s .  

The r e s u l t s   o f  a dye  t racer   s tudy  on  the  Campbel l   R iver  WPCC 
o u t f a l l   a r e   p r e s e n t e d   i n   A p p e n d i x  VII. 

Maps o f   t h e   M u n i c i p a l i t y   o f   t h e   D i s t r i c t   o f  Campbell   River 

appear i n  F igu res  1 and 2. The  maps, d i v i d e d   i n t o   n o r t h  and  south 

s e c t i o n s ,   i l l u s t r a t e   t h e   l o c a t i o n  of the  sewage t r e a t m e n t   p l a n t   a n d  

o u t f a l l ,   t h e   l o c a t i o n   o f  l i f t  s t a t i o n s ,   a n d   t h e   l o c a t i o n   o f  a1 1 

s to rm  d i t ch ,   s to rm  d ra in ,  and  c reek   sample   s ta t ions   w i th in   the  

m u n i c i p a l i t y .  The Campbell R i v e r  Water P o l l u t i o n   C o n t r o l   C e n t r e  was 

t h e   o n l y   m a j o r   p o l l u t i o n   s o u r c e   r e c o g n i z e d   p r i o r  t o  the   survey .  

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

t h e   s u r v e y ,   a r e   i n c l u d e d   i n   t h i s   s e c t i o n .  
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3.1 Campbell R i ve r   Wate r   Po l l u t i on   Con t ro l   Cen t re  

3.1.1 P l a n t   D e s c r i p t i o n .  The  Campbell R i v e r  WPCC i s  an a c t i v a t e d  
s ludge sewage t rea tment   p lan t   cons is t ing   o f   headworks ,  an a e r a t e d   g r i t  

tank ,   an   aera t ion   tank ,  a f i n a l   c l a r i f i e r ,  an a e r o b i c   d i g e s t e r ,  and 

a s t o r m   c l a r i f i e r .  A t  t he   des ign   d ry   wea the r   f l ow   o f  1.5 mgd, t h e  

a e r a t i o n   t a n k  has a h y d r a u l i c   r e t e n t i o n   t i m e   o f  2,8 h r .  Oxygen and 

m i x i n g   a r e   s u p p l i e d   b y   f i v e  submerged a i r   d i f f u s e r   a s s e m b l i e s .  The 

f i n a l   c l a r i f i e r   p r o v i d e s  a r e t e n t i o n   t i m e   o f  4.0 h r ,   w i t h  an over f low 

r a t e   o f  

o f   t h e  

t o   t h e  

channel 

Sewage 

520  gpd/sq ft. The f l o w   r a t e   o f  sewage t o   t h e   t r e a t m e n t   s e c t  

p l a n t   i s   c o n t r o l l e d   b y  an i n l e t   g a t e   v a l v e .  Sewage over f low 

s t o r m   c l a r i f i e r   o c c u r s  when t h e   l e v e l   o f  sewage i n   t h e   i n l e t  

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

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

i on 

by means o f   f l o a t - c o n t r o l l e d  pumps, w h i c h   o p e r a t e   a t   p r e - s e t   i n t e r v a l s .  

A t  t h e   d e s i g n   p e a k   f l o w   o f  2.4 mgd, t h e   s t o r m   c l a r i f i e r ,   h a v i n g  a 

c a p a c i t y   o f   ~ 1 5 , 4 0 0   g a l ,   p r o v i d e s  a h y d r a u l i c   r e t e n t i o n   t i m e   o f  2.3 hr. 

The s t o r m   c l a r i f i e r  was d e s i g n e d   t o   i n c l u d e  a cha in   d r i ven   s ludge  

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

w e l l s .   T h i s  mechanism  has n o t   y e t  been a v a i l a b l e   f o r   i n s t a l l a t i o n ,  and 

p r e s e n t l y   s e t t l e d   s o l i d s   a r e   h o s e d   t o   t h e   w e t   w e l l  when t h e   t a n k   i s  

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

ae ra t i on   t ank   by  means o f  an a i r l i f t   r e c i p r o c a t i n g   b r i d g e   c o l   l e c t o r .  

Excess a c t i v a t e d   s l u d e   i s   w a s t e d   t o  a 28,000 g a l   a e r o b i c   d i g e s t e r ,  

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

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

d i f f u s e r s ,   a l l o w i n g   t h e   h e a v y   s o l i d s   t o   s e t t l e ,  and u s i n g  a swing 

decan t ing   p ipe   and   we t   we l l .  i f  t h e   d i g e s t e r   s o l i d s   c o n c e n t r a t i o n  

increases so t h a t  a low  so l ids   supernatan t   can   no t   be   decanted  i n  a 

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

o u t f a l l .  

Flow  measurement i s  accompl ished  w i th   two  Parsha l l   f lumes:  

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

w e i r s ,   m e a s u r e s   t h e   t o t a l   f l o w   e n t e r i n g   t h e   p l a n t ;  and t h e  second, 
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located i n  the   in le t  channel between the  storm  clarifier and 
the  aeration  tank, measures the sewage flow to  the  treatment 
section. Both Parshall flumes a re  connected t o  s t r ip  chart  
recorders  located i n  the  control  building.  Final  effluent,  storm 
c l a r i f i e r  overflow, and waste  aerobic  sludge  are  discharged  through 
a 21 i n .  diameter  marine  outfall , terminating 180 f t  from LWM and  
1 2  f t  below LWM. 

3.1.2 Campbell River WPCC Sampling Results. The Campbell River 
WPCC f inal   effluent  exhibited an average BOD5 of 1 7 . 2  mg/R, and  a 
mean fecal  col i form MPN of 1.68 x 10 /lo0 mR. BOD and so l ids  
loading  (based on SS) of the f ina l   e f f luent  were 259.7 and 404.7 
lb/day  respectively, and the mean population  equivalent was 360. 

5 

Total  plant flows  during  the  survey were too low to  cause 
storm c l a r i f i e r  overflow o r  even a s ign i f icant  accumulation  of 
sewage i n  the  storm c l a r i f i e r .   I t  was estimated  that  the  treatment 
section  of  the  plant  handled  approximately 1 . 7  mgd d u r i n g  the  survey 
period, 13% over  design  levels. An estimate  of  storm  clarifier  over- 
flow  occuring d u r i n g  a period  of heavy rainfall  (January, 1976) i s  
presented i n  the  following  section. 

The Campbell River WPCC produced a good qual i ty   eff luent  
throughout  the  survey  period. The MLSS i n  the  aeration  tank was 
maintained a t  a h i g h  level ,  4730 mg/R w i t h  83.1%  volatile. The 
treatment  plant reduced BOD by 80%, SS by 75%, and fecal  coliform 
concentrations by 92%. 

3.1.3 Storm Cla r i f i e r  Overflow Estimate. - A graph of  total   daily 
precipi ta t ion  for  Campbell River d u r i n g  the  period November 1 ,  1975 - 
February 29, 1976 , i s  g i  ven i n  Figure 3. A comparison of  the monthly 
totals  experienced d u r i n g  this  period and the 30-year  averages i s  
included.  Total  precipitation d u r i n g  the month of  February,  1976, 
was 113.8 mm; t h i s  was  31 percent  less than the mean total   precipitation 
fo r  February (1940-1970)  of  165.6 mm. 
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Excessive  sewer 1 i n e   i n f i l t r a t i o n   n o r m a l l y   o c c u r s   d u r i n g  

p e r i o d s   o f   c o n t i n u o u s   h e a v y   r a i n f a l l  and, i n   t u r n ,  causes  increased 

h y d r a u l i c   l o a d i n g  on  a  sewage treatment  system, a t  which  t ime sewage 

bypass  occurs.  However,  the r a i n f a l l   r e c e i v e d   d u r i n g   t h e   m o n t h   o f  

February was i n s u f f i c i e n t   t o  cause  the  Campbel l   River WPCC s to rm 

c l a r i f i e r   t o   o v e r f l o w .  

R a i n f a l l   a n d   p l a n t   f l o w   d a t a   f o r   t h e   m o n t h   o f   J a n u a r y ,  1976, 

was eva lua ted  t o  o b t a i n  an e s t i m a t e   o f   t h e   b a c t e r i o l o g i c a l   l o a d i n g s  

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

o f   c o n t i n u o u s   r a i n f a l l .   D u r i n g   t h e   m o n t h   o f  November,  1975, the  

area   rece ived 393.2 mm o f   p r e c i p i t a t i o n ;  however, the  sewage t r e a t -  

ment p l a n t  was i n o p e r a t i v e  due t o  mechanica l   problems  wi th   the 

r e c i p r o c a t i n g   b r i d g e   c o l  

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

During  January 

l e c t o r .  Sewage  was bypassed d i r e c t l y   t o   t h e  

1 ow measurement. 

, t h e   a v e r a g e   t o t a l   d a i l y   f l o w  was 2.19 MGD. 

Assuming t h a t   t h e   t r e a t m e n t   s e c t i o n   d a i l y   f l o w  was 1.7 mgd (va lue  

observed  dur ing   February ) ,   the   average  da i l y   over f low  f rom  the   s to rm 

c l a r i f i e r   w o u l d  be 0.49 mgd. A 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   o f   1 0  6 

MPN/100 mR i n   t h e   o v e r f l o w   w o u l d   y i e l d  a p o p u l a t i o n   e q u i v a l e n t   f r o m  

t h e   s t o r m   c l a r i f i e r   o v e r f l o w   o f  696. The combined  populat ion 

e q u i v a l e n t   f r o m   t h e   c l a r i f i e r   o v e r f l o w   a n d   f i n a l   e f f l u e n t   w o u l d  be 
approx ima te l y  1000,  and  the  combined 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  

would be 3.5 x 10 MPN/100 mR. T o t a l   d a i l y   f l o w s   f o r   t h e   C a m p b e l l  

R i v e r  WPCC du r ing   January   and   Februa ry   a re   p resen ted   i n   F igu res  4 

and 5 r e s p e c t i v e l y .  

5 
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FIGURE 4 CAMPBELL R I V E R  WATER  POLLUTION CONTROL 
CENTER - TOTAL  DAILY  FLOW,  JANUARY 1976 
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FIGURE 5 CAMPBELL  RIVER  WATER  POLLUTION CONTROL 
CENTER - TOTAL D A I L Y  FLOW, FEBRUARY 197€ 
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3.2 6 th  Avenue Storm Drain (S1)  

Samples taken a t  sample s t a t i o n  S1 exhibited a mean fecal 
coliform MF count  of  9.08 x 10 /lo0 m R ,  and a population  equivalent 
of 9.8.  The FC:FS r a t i o  was 10.1,  indicating  fecal  pollution almost 
en t i re ly  from human sources. 

3 

This  storm d r a i n  serves an area  of  approximately 61 acres, 
containing 210 single family dwellings and 4 multiple  dwellings ( 5 ) .  
The s ignif icant  amount of  fecal  contamination  evident i n  the samples 
taken from t h i s  storm drain would indicate  the  presence of several 
illegal  cross  connections between the  sanitary and storm  sewers. 

3.3 Simms Creek (S6)  

Simms Creek had a mean fecal  coliform MF count of 94.5/100 
m R ,  and a mean population  equivalent of  2.0 d u r i n g  the  survey. The 
FC:FS r a t i o  was 1.8,  indicating  fecal  pollution from both animal and 
human sources. Appendix IV 1 i s t s  the  resul t s  o f  fecal  coliform 
analysis and the sampling conditions for the  individual samples 
taken. Fecal coliform  counts  reached a peak value on February 6 ,  
and then  decreased t o  background level s by the end o f  the  survey  period. 
This intermittent  fecal  contamination can be at t r ibuted t o  sewage 
overflow from a pr ivate   l i f t   s ta t ion  located  near   the west end of  
Rockland Road. The location o f  the two pr iva te   l i f t   s ta t ions   opera ted  
by Pardo Verde Mobile Home Park i s   i l l u s t r a t e d  i n  Figure 2.  Sewage 
i s   co l lec ted  a t  the  station  located a t  the  western  extremity  of Rockland 
Road and pumped u p  the  slope t o  the second s ta t ion ,  which i n  turn 
pumps the sewage u p  the  slope  further t o  join  the municipal  sewer l ine  
a t  Murphy St ree t .  Both l i f t  stations  contain two float-controlled 
pumps. After  the  survey  period,  the  operator  determined t h a t  one 
pump i n  the upper l i f t   s t a t i o n  was pa r t i a l ly  plugged and unable t o  
deliver  full   capacity.  Sewage overflowed the upper s ta t ion when the 
delivery from the lower s ta t ion exceeded the upper l i f t   s t a t i o n ' s  
reduced capacity. This  problem  has now been remedied. 
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The p r i v a t e  l i f t  s ta t i ons   ope ra ted   by   Pa rdo  Verde will 

e v e n t u a l l y  be  removed f r o m   s e r v i c e  when a s a n i t a r y  sewer t r u n k   i s  

c o n s t r u c t e d   a l o n g  Simms Creek i n   t h e  summer o f  1976. 

O t h e r   p o s s i b l e   s o u r c e s   o f   f e c a l   p o l l u t i o n   t o  Simms 

Creek  are: 

1. s e p t i c   t a n k  - a b s o r p t i o n   f i e l d  seepage from  several   unsewered 

houses  located  on  Rockland Road; 

2.  l andwash   f rom  seve ra l   sma l l   l i ves tock   enc losu res   l oca ted   nea r  

the  west  end o f  Rockland Road; and 

3. h i n t e r l a n d   d r a i n a g e .  

3.4  Wil low  Creek ( S 7 )  

W i l l ow  Creek  had a mean f e c a l   c o l   i f o r m  MF c o u n t   o f  

29.1/100 mR, and a mean p o p u l a t i o n   e q u i v a l e n t  of 0.56. The FC:FS 

r a t i o  was 0 . 7 4 ,   i n d i c a t i n g   t h a t   t h e   s o u r c e   o f   f e c a l   p o l l u t i o n   i s  

p r imar i l y   an ima l .   Append ix  IV l i s t s   t h e   r e s u l t s   o f   f e c a l   c o l i f o r m  

a n a l y s i s  and the   samp l ing   cond i t i ons   f o r   t he   i nd i v idua l   samp les   t aken .  

Feca l   co l   i fo rm  counts   reached a peak va lue  on  February  13,   a f ter  a 

p e r i o d   o f   s e v e r a l   d a y s   o f   c o n t i n u o u s   r a i n f a l l .  Landwash f rom  severa l  

smal l   hobby  farms  located  on  Er ickson Road a d j a c e n t   t o   W i l l o w  Creek 

h wou ld   exp la in   t he   f eca l   co l i f o rm  coun ts   and  t 

observed i n   t h e  samples  taken.  Samples  taken 
Road, above  the  hobby  farms,  y ie lded  low  feca 
be m a i n l y   a t t r i b u t a b l e   t o   h i n t e r l a n d   d r a i n a g e  

1 

e FC:FS r a t i o  

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

3.5 - Freshwater Sample S t a t i o n s  "I" w i t h  Low Popu la t i on   Equ iva len ts  

(S2, S3, S4, S5, S8, and  S9) 
"I___ 

The l o c a t i o n   o f   t h e s e   s a m p l e   s t a t i o n s   i s   g i v e n   i n   A p p e n d i x  I .  
A summary o f   t h e   r e s u l t s   a p p e a r s   i n   A p p e n d i x  111. A summary o f   t h e  

membrane f i l t r a t i o n   b a c t e r i o l o g i c a l   d a t a ,   i n c l u d i n g   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 ,   a p p e a r s   i n   A p p e n d i x  11. All these 

sample s t a t i o n s   e x h i b i t e d   l o w  FC:FS r a t i o s ,   i n d i c a t i n g   f e c a l   p o l l u t i o n  

p r imar i l y   f rom  an ima l   sou rces .  The p o p u l a t i o n   e q u i v a l e n t s   o f   t h e  

f e c a l   c o n t a m i n a t i o n   o f   t h e s e   s t a t i o n s   w e r e   i n s i g n i f i c a n t   i n   c o m p a r i s o n  
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t o  S l y  S6, S7, and 109E.  Sample s t a t i o n s  S2, S3, S4, S5, S8, and S9 

wou ld   no t  be  expected t o   a d v e r s e l y   a f f e c t   t h e   b a c t e r i o l o g i c a l   w a t e r  

qual i ty o f   t h e i r   a d j a c e n t   f o r e s h o r e   a r e a s .  

3.6 Shore l i ne ,   3 rd  Avenue t o   6 t h  Avenue 

Approx imate ly   12   dwe l l ings ,   loca ted  on t h e   e a s t   s i d e   o f  

Is land  Highway  between  3rd and 6 t h  Avenues, a r e   n o t   c o n n e c t e d   t o   t h e  

sewer  system,  and p r e s e n t l y   a r e   s e r v i c e d   b y   i n d i v i d u a l   s e p t i c   t a n k s .  

These d w e l l i n g s   a r e   a l l   s i t u a t e d   b e l o w   t h e   e l e v a t i o n   o f   t h e   e x i s t i n g  

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

D i s t r i c t   o f  Campbe l l   R iver   p lans   to   connect  them t o   t h e  sewer 1 i n e  

w i t h   i n d i v i d u a l  pumps ( 5 ) .  

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

t a n k   e f f l u e n t  was seep ing   on to   the   fo reshore   f rom  these  dwe l l ings .  

Th is  seepage  would  tend t o   a d v e r s e l y   a f f e c t   t h e   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   o f   t h e   a d j a c e n t   f o r e s h o r e   a r e a .  
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4 COMMENTS 

4.1 Lif t   Stat ions 

The locations of a l l   l i f t   s ta t ions  serving  the  Municipal i ty  
of the  District  of Campbell River a re   i l l u s t r a t ed  i n  Figures 1 and 2 .  

A1 1 1 i f t  s ta t ions would overflow  in  the  case of pump 
f a i lu re  or a major e lec t r ica l  power interruption. Each s t a t i o n   i s  
connected t o  an  alarm t o  warn of pump f a i lu re ,  and i s  designed t o  
provide 4 hr o f  hydraulic  retention  before  overflow  occurs. However, 
l i f t  s ta t ions  no. 1 ,  2 ,  and  3 do not have a retention of  4 hr due to 
storm  water inf i l t ra t ion/ inf low.  The municipality i s   p resent ly  
conducting an engineering  study t o  correct   the   inf i l t ra t ion/ inf low 
problems I 

The l i f t   s ta t ions  are   inspected by the  operators  daily for  
mechanical or e lec t r ica l  problems. The  pumps are   general ly   l i f ted 
and inspected  twice  yearly for evidence o f  oil   leaks or damaged seals.  
The l i f t   s t a t ions ,   t he i r   l oca t ions ,  and  overflow f a c i l i t i e s   a r e  
1 i sted bel ow: 

1 .  Lif t   Stat ion No. 1 ,  located  off Cedar Street  between 1 1 t h  and 
13th Avenue, i s   f i t t e d  w i t h  a bel 1 alarm and would overflow t o  
the  storm  sewer, which discharges t o  Discovery  Passage on the 
northerly  side o f  Discovery  Crescent. 

2. Lif t  S t a t i o n  No. 2 ,  located off Island Highway east  of Redwood 
S t r e e t ,   i s   f i t t e d  w i t h  a bell  alarm, and would overflow t o  
Campbell River. 

3. Lift  S t a t i o n  No. 3, located west of  Ridge Road, i s   f i t t e d  w i t h  a 
bel 1 a1 arm and would overflow down the  slope t o  Camp Creek. 

4.  L i f t  S t a t i o n  No. 4 ,  located a t  the  west end of N i l u h t  Road, i s  
f i t t e d  with a warn ing  l i gh t  and  would overflow down the  slope, 
eventual  ly  reaching Simms Creek. 

5. Lif t  S t a t i o n  No, 5,  located of f  Island Highway a t  Pinecrest Road, 
i s   f i t t e d  w i t h  a warning l i g h t  and would overflow i n  the immediate 
area. 
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6. L i f t   S t a t i o n  No. 6, l o c a t e d   o f f   I s l a n d  Highway 0.6 m i l e s   n o r t h   o f  

Rockland Road, i s   f i t t e d   w i t h  a w a r n i n g   l i g h t  and  would  overf low 

i n   t h e  immediate  area. 

7. L i f t   S t a t i o n  No. 7, l o c a t e d   o f f   I s l a n d  Highway  south o f   t h e   M a r i n a  

Mote l ,  i s   f i t t e d   w i t h  a w a r n i n g   l i g h t  and   wou ld   ove r f l ow   to  Simms 

Creek . 
8. L i f t   S t a t i o n  No. 8, l o c a t e d   o f f   I s l a n d  Highway  between  Larwood 

and Er i ckson  Road, i s   f i t t e d   w i t h  a w a r n i n g   l i g h t  and  would  over- 

f l o w   i n   t h e   i m m e d i a t e   a r e a .  

9. Two p r i v a t e  l i f t  stat ions  operated  by  Pardo  Verde  Mobi le Home Park 

a r e   l o c a t e d ,  as i n d i c a t e d   i n   F i g u r e  2, on Rockland Road, west  of  

Murphy. The l i f t  s t a t i o n   a t   t h e   l o w e r   l e v e l   c o n t a i n s  a 10,000 

g a l   h o l d i n g   r e s e r v o i r   t o   s t o r e  sewage i n   t h e  case  of pump f a i l u r e  

o r  a power i n t e r r u p t i o n .  These s t a t i o n s   s e r v e  65 mob i l e  homes 

conta in ing  approx imate ly   150  people.  The s ta t ions   a re   checked 

tw ice   week ly   fo r   opera t iona l   p rob lems.  

4.1.1 E l e c t r i c a l  Power  Outages. I n   t h e   e v e n t   o f  a major  power 
i n t e r r u p t i o n ,  sewage o v e r f l o w  f rom  the  munic ipa l  l i f t  s t a t i o n s   l o c a t e d  

a l o n g   I s l a n d  Highway  and  the  pr ivate l i f t  s ta t ions   opera ted   by   Pardo 

Verde  Mobi le Home P a r k   c o u l d   e i t h e r   d i r e c t l y   o r   i n d i r e c t l y   p r o d u c e  a 

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

B.C. Hydro  and Power A u t h o r i t y   a t  Campbel l   R iver   repor ted 

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

o f   w i d e - s p r e a d   i n t e r r u p t i o n   o c c u r r e d   i n  1971  due t o   h i g h   w i n d s .   S i n c e  

t h a t   t i m e ,  many power l i n e s  have  been  replaced  and  the number o f  main 

c i r cu i t s   i nc reased .   Sma l l ,   l oca l i zed   power   ou tages   occu r   eve ry  2-3 

years;  however,  power i s   g e n e r a l l y   r e s t o r e d   u n d e r   t h e s e   c i r c u m s t a n c e s  

i n  2 hours. 

4.2 I n f i  1 t r a t i o n / I n f l o w  

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

i n f o r m a t i o n ,  i t  i s   e v i d e n t   t h a t   t h e  sewer  t reatment   system  receives 
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e x c e s s i v e   i n f i l   t r a t i o n / i n f l o w   c o n t r i b u t i o n s   d u r i n g   p e r i o d s   o f  

c o n t i n u o u s   r a i n f a l l .  The major  causes o f   i n f i l t r a t i o n   a r e   l e a k y  

manholes, f a u l t y   l a t e r a l   c o n n e c t i o n s ,  a n d   l e a k y   p i p e   j o i n t s ;   w h i l e  

the   sou rces   o f   excess i ve   i n f l ow   a re   i l l ega l   downspou ts ,   f ounda t ion  

d ra ins ,   c ross -connec t ions   w i th   s to rm  sewers ,   and   su r face   runo f f   i n to  

poor ly  p laced  manholes ( 6 ) .  

The M u n i c i p a l i t y  o f  t h e   D i s t r i c t   o f  Campbell R i v e r  has 

separa te   s to rm  and  san i ta ry  sewer  systems.  However,  as  mentioned 

i n   s e c t i o n  3 .2 ,  i t  i s   p r o b a b l e   t h a t  some cross-connections  between 

the   s to rm and s a n i   t a r , y   s e w e r s   e x i s t ,   e x p e c i a l l y   i n   t h e   o r i g i n a l  

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

the  sewer  system to l o c a t e   t h e   m a j o r   s o u r c e s   o f   i n f i l t r a t i o n / i n f l o w .  

E x c e s s i v e   i n f i l t r a t i o n / i n f l o w   c o n t r i b u t i o n s   t o   t h e  sewer 

system  cause  the sewage t r e a t m e n t   p l a n t  t o  be h y d r a u l i c a l l y   o v e r -  

loaded,  which i n   t u r n   r e s u l t s   i n   l a r g e   q u a n t i t i e s   o f  raw sewage 

being  bypassed  to   the  receiv ing  waters .   S ince  secondary  t reatment  

produces a s i g n i f i c a n t   r e d u c t i o n   i n   b a c t e r i o l o g i c a l  and v i r a l  

concent ra t ions ,   the   use   o f   bypasses   to   a l lev ia te   the   p rob lems 

encoun te red   du r ing   h igh   f l ow   pe r iods   shou ld  be avoided  as much as 

p o s s i b l e .  
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APPENDIX I FRESHWATER AND SEWAGE EFFLUENT  SAMPLE STATION LOCATIONS 

Sample S t a t i o n   L o c a t i o n  

109E 

s1 

s2 

s3 

s4 

s5 

S6 

s7 

S8 

s9 

Campbel l   R iver   Water   Po l   lu t ion   Cont ro l   Cent re  

F i n a l   E f f l u e n t  

S torm  Dra in   Foot   o f   6 th  Avenue 

Storm  Dra in   Beh ind   Sky l ine   Beach  Mote l ,   Foot   o f  

3 r d  Avenue 

Storm  Dra in   Foot   o f   Evergreen Road 

S t o r m   D i t c h   N o r t h   o f   D r i f t w o o d  Beach T r a i l e r   P a r k  

S to rm  D i t ch   Foo t   o f   Rock land  Road 

Mouth o f  Simms Creek 

Mouth o f   W i l l o w  Creek 

S t o r m   D i t c h   F o o t   o f  Dah1 Road 

S t o r m   D i t c h   N o r t h   o f   F o o t   o f   W a s h i n g t o n   D r i v e  
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APPENDIX I 1  SUMMARY OF MEMBRANE FILTRATION BACTERIOLOGICAL DATA 

FOR  FRESHWATER  SAMPLE STATIONS 

Sample Mean Feca l   Co l i f o rm Mean Feca l   S t rep tococc i  FC : FS 
S t a t i o n  ( F . C . )  Count/100 mR ( F . S . )  Count/100 m R  R a t i o  

s1 
s2 

s3 
s4 

s5 
S6 

s7 
S8 

s9 

9.08 x l o 3  ( 7 ) *  
10.3  (6)  
16.0 ( 5 )  

1.4 ( 5 )  
29.8  (6)  

84.0  (9)  

29.1 ( 9 )  

107.0 ( 7 )  
4.5 ( 6 )  

9.03 x 10’ ( 7 )  
7.2 ( 5 )  

13.2 (5 )  
0.8 ( 5 )  
2.8 ( 5 )  

46.0 ( 9 )  

39.6 ( 9 )  

169.0 ( 5 )  
6.2 ( 6 )  

10.1 

1.4 
1.2 
1.8 

10.6 

1.8 

0.7 

0.6 
0.7 

* Denotes number o f  samples. 
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APPENDIX V I1  DYE STUDY OF CAMPBELL R I V E R  WATER POLLUTION 

CONTROL  CENTRE  OUTFALL 

A dye  study was conducted  on  February 26, 1976, t o   d e t e r m i n e  

t h e   d i s p e r s i o n   c h a r a c t e r i s t i c s   o f   t h e   C a m p b e l l   R i v e r   W a t e r   P o l l u t i o n  

C o n t r o l   C e n t r e   o u t f a l l   i n  D i  scovery  Passage. 

The aims o f   t h i s   s t u d y   w e r e   t h e   f o l l o w i n g :  

1.  t o   d e t e r m i n e   t h e   i n i t i a l   d i l u t i o n   t h a t  can  be  expected  over  the 

o u t f a l l  ; 

2. t o   de te rm ine   t he   pa th   t aken   by   t he  sewage f i e l d   d u r i n g   f l o o d   t i d e ,  

i .e .   southward movement;  and 

3. t o   d e t e r m i n e   t h e   i n f l u e n c e   o f   t h e  sewage t r e a t m e n t   p l a n t   e f f l u e n t  

on t h e   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   o f   t h e   f o r e s h o r e   a r e a s   s o u t h  

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

METHODS AND MATERIALS 

A 4% s o l u t i o n   o f   f l u o r e s c e i n  dye was added t o   t h e  sewage 

e f f l u e n t   a t   t h e   p l a n t   o u t l e t   a t  a f l o w   r a t e   o f  2.3  R/min. A G.K.  

Turner  Model  110 f l uo romete r  was used t o  measure  dye  concentrat ions 

i n   t h e   s e a w a t e r .  Two s i n g l e   l e n s   r e f l e x  cameras  were  used to   pho to -  
g r a p h   t h e   d i s p e r s i o n   p a t t e r n .  Pumping o f  the  dye s o l u t i o n  commenced 

a t  0930 h r ,   p r i o r   t o  a l o w   s l a c k   w a t e r   o f  3.2 m a t  1005  hours. The 

t i d e   r a n g e  was 0.7 m, w i t h  a h i g h   w a t e r   o f  3.9 a t  1400 hours.  

Water  samples  were c o l l e c t e d   a t   p r e d e t e r m i n e d   l o c a t i o n s ,  

u s i n g   t h e   S h e l l f i s h   W a t e r   Q u a l i t y   S u r v e y   b o a t   " K l e b s i e l l a . "  The 

samples   were   ana lyzed  w i th   the   f luorometer   a t   the   Env i ronmenta l   Pro tec t ion  

S e r v i c e   m o b i l e   l a b o r a t o r y   l o c a t e d  a t  Campbel l   R iver .   Concentrat ions 

as low as 0.01 ppB a re   de tec tab le   w i th   t he   Tu rne r   f l uo romete r .  

F luoresce in   dye  i s   v i s u a l l y   d e t e c t a b l e   a t  30  ppB i n  a water  sample, 

and a t  10 ppB i n  a 1 arge  body o f   w a t e r .  
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APPENDIX VI1 DYE STUDY OF CAMPBELL R I V E R  WATER POLLUTION 

CONTROL  CENTRE  OUTFALL (Cont inued)  

Two f l i g h t s  were made over   the   dyed sewage e f f l u e n t   f i e l d  

a t  1100  and  1200  hrs. One of   the  dye  study  personnel   photographed 

and  ske tched  the   pa th   o f   the   dyed sewage f i e l d .  

DISCUSSION OF RESULTS 

Dur ing   the   dye   s tudy ,   the  sewage e f f l u e n t   f l o w   r a t e  was 

1.5 mgd, o r  4740 R/min, r e s u l t i n g   i n  a d y e   c o n c e n t r a t i o n   o f  1.2 ppm. 

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

s a m p l i n g   d i f f i c u l t i e s ,  dye  concentrat ions i n   t h e   s e a w a t e r   c o u l d   n o t  
be  obtained. An o u t l i n e   o f   t h e   p a t h   o f   t h e  sewage f i e l d ,  as 

observed  f rom  the  a i r ,   appears i n   F i g u r e  6. The  sewage f i e l d   t e n d e d  

t o   r e m a i n  submerged w i t h   l i t t l e   l a t e r a l   d i s p e r s i o n ,  and  extended 

a long  a pa th   app rox ima te l y  600 feet   f rom  the  shore l ine, ,  As shown 

i n   F i g u r e  6, t h e  sewage f i e l d  r e m a i n e d   p a r a l l e l   t o   t h e   f o r e s h o r e  

u n t i l   j u s t   n o r t h   o f   W i l l o w   P o i n t ,  where i t  moved d i s t i n c t l y   t o w a r d s  

t h e   m i d d l e   o f   D i s c o v e r y  Passage, 

Discovery  Passage  develops  currents o f  5-7 k n o t s   d u r i n g  

f l o o d  and  ebb t i des ,   wh ich   p rov ide  an e x c e l l e n t   f l u s h i n g   a c t i o n   o f  

t h e  sewage t r e a t m e n t   p l a n t   e f f l u e n t ,  Due t o   t h e   n a t u r e   o f   t h e  

c u r r e n t s   i n   D i s c o v e r y  Passage, i t  can be e x p e c t e d   t h a t  sewage 

t r e a t m e n t   p l a n t   e f f l u e n t ,   i n c l u d i n g   w a s t e   d i g e s t e r   s l u d g e ,  will have 

l i t t l e   e f f e c t  o n   t h e   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   o f   t h e   n e a r b y  

foreshore  areas.  
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