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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   a r e a   a d j a c e n t   t o   M a l a s p i n a   S t r a i t  
between S1 iammon P o i n t  and G r i e f   P o i n t  was conducted  by  the  author 

i n   c o n j u n c t i o n   w i t h   p e r s o n n e l   o f   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e ,  

Paci f i c Region. 

The purpose o f   the   survey ,   conducted   dur ing  November 1975, 
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   i n   t h e   s u r v e y  

area 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   a d j a c e n t   f o r e s h o r e   a r e a s .  

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

are  the  s torm  tank  over f low  f rom  the  Powel l   R iver   Water   Pol lu t ion 

Con t ro l   P lan t  and  the sewage bypass  from  the  Westview  Water 

P o l l u t i o n   C o n t r o l   P l a n t .  The sewage t r e a t m e n t   f a c i l i t i e s   i n   t h e  

survey  area  are  evaluated and  recommendations  are made f o r  methods 

t o  improve  the   leve l   o f   t rea tment   accompl ished.  



. 
En  collaboration  avec  le  personnel  du  Service  de  protection  de 

l'environnement  (r6gion  du  Pacifique),  l'auteur a  effectue  une  etude  sanitaire 

de  la  zone  adjacente  au  dgtroit  de  Malaspina,  entre  la  pointe  Sliammon  et  la 

pointe  Grief. 

Cette ztude,  effectuze  en  novembre 1975, avait  pour  but  de  determiner 

les  effets  que  les  sources  de  pollution  situees  dans  la  zone  d'etude  avaient 

sur  la  qualitB  bact6riologique  de  l'eau,  pr'es  des  plages  environnantes.  D'aprZs 

ce  rapport,  les  principales  sources  de  pollution  bact6riologique  sont  le  trop- 

plein  du  bassin  d'eaux  de  pluie,  provenant  de  l'usine  de  traitement  des  eaux 

usees  de  la  rivi3re Powell et  le  conduit  de  dzrivation  des  eaux  d'Egout de 
l'usine de traitement  Westview.  On a 6valui5  les  r6sultats  obtenus  avec les 

installations  de  traitement  des  eaux  us6es  dans  la  zone  d'etude.  On  recommande 

l'utilisation  de  certaines  methodes  pour  ameliorer  ces  rgsultats. 
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CONCLUSIONS 

The primary contributors of bacterial  pollution  to 
Malaspina S t r a i t  d u r i n g  t h i s  survey  were,  in  order of magnitude: 

( 1 )  Powell River Water Pollution Control P l a n t  storm 
flow sewage h o l d i n g  t a n k  overflow, 

( 2 )  Westview  Water Pollution Control Plant sewage 
bypass, 

(3)  Powell River Water Pollution  Control P lan t  f inal  
eff luent ,  

( 4 )  Westview  Water Pollution Control P l a n t  f inal  
eff luent .  

The total  population  equivalent of these  sources was 3,027. The 
Powell River Water Pollution Control P l a n t  storm flow sewage 
h o l d i n g  t a n k  overflow i s  a major threat t o  the adjacent  foreshore 
areas  since, n o t  only i s   i t  the largest  source of fecal organisms 
found d u r i n g  the  survey, i t  i s  discharged through a short   outfal l  
(300' from LWM) which terminates  in  shallow  water. The relat ive 
degree of  influence from the  other primary contr ibutors   is  
s ignif icant ly  reduced by being  discharged  through long out fa l l s  
i n t o  deep water. 

The secondary  contributors o f  bacterial  pollution, with 
possible major localized  effects were, i n  order of  magnitude: 

(1  ) S1 iammon Creek (S2)  
( 2 )  Sliammon  Sewage Treatment Plant 
( 3 )  MacMillan Bloedel Ltd.  Mill eff luent  
( 4 )  Unnamed creek (S6) 
( 5 )  Willingdon Creek (S4)  
(6)  Unnamed creek ( S 3 )  

These sources which discharge  directly t o  Malaspina S t r a i t  had a 
combi ned popul a t i  on equi valent of 64.8. 

. 



- 1 -  

1 INTRODUCTION 

The Powell   River  area  contains  an  importment  segment o f  

B r i t i s h   C o l u m b i a ' s   f o r e s t   i n d u s t r y .  The P o w e l l   R i v e r   D i v i s i o n   o f  

MacMil lan  Bloedel   Ltd. ,   which  employs  approximately 2,700 people, 
i s   t h e   l a r g e s t   p r o d u c e r   o f   n e w s p r i n t   i n  Canada. I n   a d d i t i o n ,   t h i s  

a rea   suppor t s   s ign i f i can t   rec rea t i ona l   and   se rv i ce   i ndus t r i es .  

Due t o  t h i s   h i g h   l e v e l   o f   a c t i v i t y ,  a l a r g e   p o p u l a t i o n   i s  con- 

cen t ra ted   i n   t he   Powe l l   R i ve r -Wes tv iew   a rea .   Th i s   s tudy  was 

con t rac ted   t o   (1 )   eva lua te   t he   i n f l uence   o f   mun ic ipa l ,   domes t i c  

and i n d u s t r i a l   d i s c h a r g e s   t o   M a l a s p i n a   S t r a i t   i n   t h e   P o w e l l   R i v e r  

area  and ( 2 )  t o   c o n t r i b u t e   t o  a s h e l l f i s h   g r o w i n g   w a t e r   q u a l i t y  

survey  conducted  by  personnel o f  

Serv ice.  

1.1  Populat ion 

The 1971  Census determ 

the   Env i ronmenta l   Pro tec t ion  

i c- i n e d   t h e   p o p u l a t i o n   o f   t h e  Mun 
i p a l i t y   o f   P o w e l l   R i v e r   t o  be  13,726 w i t h  a 1975 p r o j e c t i o n   o f  

14,726 ( 1 ) .  The M u n i c i p a l i t y   c a n  be d iv ided,  as f o l l o w s ,   i n t o  f o u r  

main  areas  wi th  1971  Census f i gu res   i n   b racke ts ;   N i l dwood   (1 ,345 ) ,  

Westview  (8,355),  Cranberry  (2,320)  and  Powell  River  Townsite  (1,705). 

Domestic sewage from  the  Wildwood  area i s   t r e a t e d   i n   t h e  
Wildwood Sewage Lagoon. The Powel 1 R i v e r  WPCP t rea ts   domes t i c  

sewage f rom  the MacMi 1 lan  B loedel   L td .   Pulp  and  Paper  M i  11, p l u s  

a l l   t h e  sewage f rom  the  Cranberry   area  and  the  Powel l   R iver  Town- 

s i t e .  The Westview WPCP t r e a t s   a l l   t h e  sewage from  the  Westview 

area, 

The Sliammon STP t rea ts   domes t i c  sewage f r o m   t h e   v i l l a g e  

o f  Sliammon, which has  an e s t i m a t e d   p o p u l a t i o n   o f  400. The munic- 

i p a l i t y   e x p e r i e n c e d  a g r o w t h   r a t e   o f  27.7%  from  1961 t o  1971, 

w h i l e  . t he   Reg iona l   D is t r i c t   o f   Powe l l   R i ve r ,   exc lud ing   t he   mun ic -  

i p a l i t y ,   r e g i s t e r e d  a g a i n  o f  45%.  This  trend  towards  rapid 

g rowth   ou ts ide   t he   mun ic ipa l i t y   and   s low   g rowth   w i th in   cou ld  
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c o n t i n u e .   I n  1971 t h e   R e g i o n a l   D i s t r i c t   h a d  a p o p u l a t i o n  o f  

4,820 and a 1975 p r o j e c t i o n  o f  5,180. The to ta l   su rvey   a rea  

f r o m   S a l t e r y  Bay t o   S c u t t l e  Bay has a p o p u l a t i o n   i n   e x c e s s  o f  

20,000. 
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2 DESCRIPTION OF MAJOR POLLUTION SOURCES 

A map o f   t h e  Powel 1 River  area  appears i n   F i g u r e  1 .  The 

map i l l u s t r a t e s   t h e  sewage t r e a t m e n t   f a c i l i t i e s ,   m a r i n e   o u t f a l l s ,  

l o c a t i o n   o f  pumping s t a t i o n s ,   s t o r m   d r a i n  and  creek  sample  stat ions 

and  the  locat ion  o f   F lacMi l lan  B loedel   L td .   Pulp  and  Paper  Mill. 
Sample s t a t i o n   l o c a t i o n s   c o v e r e d   i n   t h i s   r e p o r t   a r e   p r e s e n t e d   i n  

Appendix I. 

2.1 Cles t v i  ew WPCP ___"_ "_ 

The Westview WPCP i s  an  extended  aerat ion  act ivated  s ludge 

p l a n t   c o n s i s t i n g   o f  a w e t   w e l l ,   g r i t  chamber,  two ae ra t i on   t anks ,  

f o u r   f i n a l   c l a r i f i e r s  and  four   aerob ic   s ludge  d iges ters .  A t  the  

d e s i g n   f l o w   o f  1.2 MGD each o f   t he   ae ra t i on   t anks   has  a r e t e n t i o n  

t i m e   o f  3.2 h r .  Oxygen and m ix ing   a re   supp l i ed   by  submerged a i r  

d i f f u s e r s .  Each 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  1.6 

h r .   w i t h  an o v e r f l o w   r a t e   o f  462 gpd/sq. ft. 

S l u d g e   d i g e s t i o n   o c c u r s   i n   f o u r  50,000 ga l .   ae rob ic  

d i g e s t i o n   t a n k s   w i t h  a n o r m a l   r e t e n t i o n   t i m e   o f  30 days.  Excess 

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

d i g e s t e r s  and c l a r i f i e d   s u p e r n a t a n t  i s  fed   f rom  there   back   to   the  

aera t ion   tanks .  A Parsha l l   f lume 1 
measures  instantaneous  f lows  which 
c i r c u l a r   c h a r t   r e c o r d e r   l o c a t e d   i n  

month o f  December, 1974 a bypass li 

ocated  ahead o f   t h e   g r i t  chamber 
are  subsequent ly  recorded  on a 

t h e   c o n t r o l   b u i l d i n g .   D u r i n g   t h e  

ne was i n s t a l l e d   t o  bypass  raw 
sewage t o   t h e   o u t f a l l   d u r i n g   p e r i o d s   o f   h i g h   f l o w s   w h i c h   n o r m a l l y  

occur red   dur ing   the  months o f  heavy r a i n f a l l .  Excess sewage was 

designed t o  be bypassed  by means o f  a screened  over f low  f rom  the 

g r i t  chamber.  However,  due t o  problems  assoc iated  wi th   constant  

p lugg ing   o f   the   sc reens ,  a s e c t i o n   o f   s c r e e n i n g   a t   t h e  head o f   t h e  

g r i t  chamber was removed  and rep laced  by a s i d e   w e i r .  Sewage i s  

bypassed t o   t h e   o u t f a l l  when t h e   l e v e l   i n   t h e   g r i t  chamber exceeds 

t h e   l e v e l   o f   t h e   s i d e   w e i r .  Sewage bypass, f i n a l   e f f l u e n t  and  waste 
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d iges ter   s ludge  a re   d ischarged  to   Ma lasp ina   S t ra i t   th rough a 24" 

d i a .   m a r i n e   o u t f a l l   t e r m i n a t i n g  a t  1400'  from LWM and  192'  below 

LWM. 

2.2  Powel 1 R i v e r  WPCP 

The Powel l   R iver  WPCP i s  an ex tended   ae ra t i on   ac t i va ted  

s l u d g e   p l a n t   c o n s i s t i n g   o f  two aera t ion   tanks ,  two f i n a l  

c l a r i f i e r s  and  two  aerobic  s ludge  digestors.  The t rea tment   sec t ion ,  

which i s   i d e n t i c a l   t o  one h a l f   t h e  Westview WPCP, has a des ign   f l ow  

o f  0.6 MGD. 

The p o l l u t i o n   c o n t r o l   p l a n t   i n c l u d e s  two 72 '  x 1 5 '  x 15 '  
s to rm  f l ow  sewage ho ld ing   t anks   w i th  a t o t a l   c a p a c i t y   o f  210,000 

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

va lve   w i th   excess   f low  bypassed  to   the   s to rm  tanks .  The s torm  tanks 

are  des igned  to   s tore  excess sewage du r ing   pe r iods   o f   h igh   f l ow  and 

to   d i scha rge   t o   t he   t rea tmen t   sec t i on ,   by  means of  a wet   we l l  and 
f l o a t   c o n t r o l l e d  pumps, d u r i n g   p e r i o d s   o f   l o w   f l o w .  However, 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  as   exper ienced   du r ing   t h i s  

survey,  the  storm  tanks  remain f u l l  and o v e r f l o w   t o  a 48"  d ia.  

m a r i n e   o u t f a l l   t e r m i n a t i n g  300' f rom LWM and 1 '   be low LWM. F i n a l  

e f f l u e n t  and was te   d iges te r   s ludge   a re   d i scha rged   separa te l y   t o  
Malaspina Strait through a 1 2 "   d i a .   m a r i n e   o u t f a l l   t e r m i n a t i n g  

1540'  from LWM and  157'  below LWM. 

2.3 Wi 1 dwood  Sewage Lagoon 

The Wildwood Sewage Lagoon i s  a 6 a c r e   w a s t e   s t a b i l   i z a -  

t i o n  pond w i t h  a des ign   f low o f  158,000 gpd  and a h y d r a u l i c   r e t e n t i o n  

o f  50-60  days. 

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

t he   m idd le   o f   t he   l agoon   p rov ides   oxygen   to   t he  sewage. The lagoon 

e f f l u e n t  i s  d ischarged  through an 8 "   d i a .   l i n e   t o  an unnamed creek 

wh ich   en te rs   Ma lasp ina   S t ra i t   1 .2   m i les  NW o f   t h e  mouth o f   P o w e l l  
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R i v e r .   C h l o r i n a t i o n   f a c i l i t i e s  and a new e f f l u e n t   d i s c h a r g e   l i n e  

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

2.4 S1 i ammon  STP 

The S1 iammon STP i s  an   ex tended  aera t ion   ac t i va ted   s ludge 

package p l a n t   w i t h  a d e s i g n   f l o w   o f  15,000  gpd. It c o n s i s t s   o f  a 

wet   we l l ,  two a e r a t i o n   t a n k s ,   t w o   c l a r i f i e r s  and a c h l o r i n e   c o n t a c t  

chamber. Sodi um h y p o c h l o r i t e   s o l u t i o n  (12%) i s   f e d   t o   t h e  head o f  

t he   con tac t  chamber us ing  a manual ly   ad justed  meter ing pump, 

p r o v i d i n g  a d ry   f l ow   res idence   t ime   o f   app rox ima te l y   15   m inu tes .  

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

o f   t he   we t   we l l .   Env i ronmen ta l   P ro tec t i on   Se rv i ce   Federa l   Ac t i v i t i es  
P o l l u t i o n  Group r e p o r t e d   t h a t  20% o f   t h e   i n f l u e n t   i s  bypassed  dur ing 

p e r i o d s   o f   h i g h   f l o w .  Sewage bypass, f i n a l   e f f l u e n t  and  waste 
ac t i va ted   s ludge   a re   d i scha rged   to   Ma lasp ina   S t ra i t   t h rough  a 6" 

d i a .  500' mar ine   ou t fa l l   t e rm ina t i ng   app rox ima te l y   6 '   be low LWM. 

2.5 MacMi l lan  B loedel   L td . ,   Powel l   R iver   Div is ion 

The MacMil lan  Bloedel  Ltd.  Pulp  and  Paper  complex i s  com- 

p r i s e d   o f  a k r a f t  semi-hleach  pulp mill, four   s tone  groundwood m i l l s ,  

a r e f i n e r  groundwood mill, eight  paper  machines  and a saw mill. The 

paper  machines  produce an average o f  1650 TPD o f  newspr i  

spec ia l ty   grade  paper  ( 2 ) .  Du r ing   t he   su rvey   t he   t o ta l  

d ischarge  f rom  the mill was approx imate ly  73.5 MGD f rom 

p o i n t s  ; the   ave rage   to ta l  suspended s o l i d s  was 70.8 TPD 

average BOD5 l o a d i n g  was 35.6 TPD. 

n t  and 

e f f l u e n t  

s i x   d i s c h a r g e  

and the  

E f f l u e n t   f r o m   t h e   P o w e l l   R i v e r  mil 1 t e n d s   t o  be  swept  north- 

ward   by   p reva i l ing   counter -c lockwise   Gu l f   o f   Georg ia   sur face   cur ren ts .  

Some westward movement a lso  occurs  through  A lger ine  and  Shearwater  

passages. The mill zone o f  in f luence  ex tends   fu r ther   than  10   mi les  

t o   t h e   n o r t h  and  more than 8 m i l e s   t o   t h e   s o u t h   ( 3 ) .   F i g u r e  2 shows 

the  zones o f   i n f l uence ,   depend ing  on t h e   t i d a l   c o n d i t i o n s ,   o f   t h e  
Powel l   R iver  mill e f f l u e n t   d i s c h a r g e .  
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FIGURE 2. RECEIVING  WATER  REPORT 
MacMILLAN  BLOEDEL, POWELL  RIVER  DIVISION ( 4 )  
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No s o l i d  w a s t e s   a r e   d i s p o s e d   o f   i n   t h e   S t r a i t .  Wastes, 

such  as f l y  ash, a r e   t r u c k e d   i n l a n d   t o  a l a n d f i l l   s i t e .  

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

o f   f e c a l   o r g a n i s m s   t o   t h e   S t r a i t .  Domes t i c  m i  11 sewage i s  pumped t o  
the  Powel l   R iver  WPCP f o r   t r e a t m e n t .  



- 9 -  

3 PROCEDURES AND METHODS 

All samples f o r  chemical   analyses  were  col lected i n  0.5 
and  1.0 l i t r e   b o t t l e s .  Most o f   t h e  samples  were  grab;  samples 
l i s t e d   i n   t h e  a p p e n d i c e s   w i t h   t h e   l e t t e r  "C"  p r e f i x i n g   t h e   t i m e  

o f   c o l l e c t i o n   a r e  24  hour  composites.  Composite  samples  were 

co l l ec ted   us ing   an  ISCO Continuous  Sampler. pH  was determined 

using  a  Radiometer pH meter  (Type PHM29). All Samples  were s t o r e d  
a t  4" C and  submitted t o   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e  

Laboratory,  West Vancouver, f o r  chemical  analyses. 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   w e r e   c o l l e c t e d   i n   s t e r i l e   1 7 0   c c  

wide-mouthed b o t t l e s  and  submi t ted   to   the   Env i ronmenta l   Pro tec t ion  

Serv i ce   mob i l e   l abo ra to ry   l oca ted   du r ing   t he   su rvey   a t   Wes tv iew  
f o r   f e c a l   c o l i f o r m   d e t e r m i n a t i o n s .   R e s i d u a l   c h l o r i n e  measurements 

o f   t h e  Sliammon STP e f f l u e n t  were made i n  the   mob i l e   l abo ra to ry  

us ing   the   Amperomet r ic   T i t ra t ion  Method  as  described i n   t h e  

Wal lace  and  T iernan,   Amperometr ic   T i t ra tor   Inst ruct ion Book 
(#WIA 790-1-2)  pp.  16-20. 

E f f l u e n t  DO'S f o r   t h e   N e s t v i e w  WPCP, i n  the  Powel l  

R i v e r  WPCP and  the  Wildwood Sewage Lagoon  were prov ided  by  the 

p l a n t   o p e r a t o r .  
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4 RESULTS AND DISCUSSION 

The 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   r e s u l t s   o f  
sampl ing  the sewage t rea tmen t   e f f l uen ts   a re   p resen ted   i n   Append ices  

I I I and IV. Appendix I I I 1 i s   t s   t h e   r e s u l   t s   o f  chemi ca l   and   f eca l  

c o l i f o r m   a n a l y s i s   o n   i n d i v i d u a l  samples whi le  Appendix IV l i s t s   t h e  

l o a d i n g   f a c t o r s   t o   M a l a s p i n a   S t r a i t   o f  each  source o f   p o l l u t a n t s .  

A l i s t   o f   t h e  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 .  
A summary o f   f l o w   e s t i m a t e s ,  mean f e c a l  MPN's and  corresponding 

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

t rea tmen t   s ta t i ons  i s  g i v e n   i n  Appendix 11. These  sample s t a t i o n s  

inc lude  four   c reeks ,   four   s to rm  d ra ins   and  the  woodroom e f f l u e n t  
o f  the  MacMi l lan  B loedel  Ltd .  Pulp  and  Paper Mill. All o f  these 
s o u r c e s   d i s c h a r g e   d i r e c t l y   t o   M a l a s p i n a   S t r a i t .  

A four   cyc le   log   h is togram  compar ing   average  popu la t ion  

equiva lents   f rom  each  feca l   co l i form  source  appears i n   F i g u r e  3. 

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

o f  each sou rce   w i th   t he  Sliammon STP o u t f a l l   r e f e r e n c e d   a t  0. 

4 .1 . Sewse ." Treatment_SSstems _" ___- 

4.1.1 . Sliammon - . " - - - - - - STP. - -. Dur ing  the  survey  the Sliammon STP 
produced a f i n a l   e f f l u e n t   w i t h  an  average BOD5 o f  41.5 mg/P,, 

an  average SS o f  54.3 mg/R and  an  average  fecal   co l i form MPN o f  

4.9 x 10 / l o 0  mR. The MLSS was v e r y   l o w   a t  220 mg/R. The p l a n t   e x -  

per ienced  excess ive  hydraul ic   loadings  f rom  the  sewer  system  through-  

ou t   mos t   o f   t he   su rvey   pe r iod .  The Sliammon  sewer  system i s  plagued 

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

conducted   by   Env i ronmenta l   Pro tec t ion   Serv ice   Federa l   Ac t iv i t ies  

P o l l u t i o n  Abatement  Group t o   l o c a t e   t h e   s o u r c e s   o f   i n f i l t r a t i o n  

have  been  unsuccessful t o   d a t e .   H i g h   c l a r i f i e r   o v e r f l o w   r a t e s  
r e s u l t   i n   d i r e c t   c a r r y - o v e r   o f   s o l i d s   i n t o   t h e   e f f l u e n t .  Due t o  

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

d i f f i c u l t   t o   m a i n t a i n  so as t o   s a t i s f y  an abnorma l l y   h igh   ch lo r i ne  

demand. This  i n   t u r n   p e r m i t s  a h i g h   f e c a l   c o l i f o r m  MPN i n   t h e  

e f f l u e n t .  The e f f l u e n t   e x h i b i t e d  an  average  populat ion  equiva lent  

5 
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o f  20.7 dur ing  the  survey.  As shown i n   F i g u r e  3, t he  Sliammon 

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

th is   a rea .  

4.1.2  Wildwood Sewage Lagoon. The Wildwood Sewage Lagoon 
produced a good q u a l i t y   e f f l u e n t   t h r o u g h o u t   t h e   s u r v e y .  The 

e f f l u e n t   e x h i b i t e d  an average BOD5 o f  12 mgR, an average DO of  

8.5 mg/R, an  average SS o f  51 mg/R and  an  average f e c a l   c o l i f o r m  

MPN o f  4.3 x 104/100 mR. Th is  i s   e q u i v a l e n t   t o  an average BOD 
l o a d i n g   o f   t h e   e f f l u e n t   o f  22 lb /day,  an average  so l ids   load ing  

(based on SS) o f  105 lb /day  and  an  average  populat ion  equiva lent  

o f  10.7. On November 13,  1975 d u r i n g  a p e r i o d   o f  heavy r a i n f a l l  , 
the   d i scha rge   i nc reased   to  366,000 gpd , more than  tw ice   the   des ign  
f low.  However, t h e   e f f l u e n t   q u a l i t y  was mainta ined;   the BOD 
l oad ing  was 29 l b /day  and the   popu la t i on   equ iva len t  was 10.4. 

The  unnamed c reek   in to   wh ich   Wi ldwood  d ischarges   exh ib i ted   an  

ave rage   popu la t i on   equ iva len t   a t   t he   mou th   o f  2.3. The d i s tance  

a long  the   c reek   f rom  the   po in t   o f   lagoon  d ischarge  to   Ma lasp ina  

S t r a i t   i s   a p p r o x i m a t e l y  3/4  mi les.  The de ten t i on   t ime   p rov ided  

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

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

marine  environment  f rom  th is  source. However d u r i n g   t h e  summer 

months   the   c reek   f low  d imin ishes   to   zero  and und i l u ted   l agoon  

e f f l uen t   f l ows   t h rough   the   c reek   t o   t he   rece iv ing   wa te r ,   pos ing  a 
p o t e n t i a l   h e a l t h   h a z a r d  i n  the   ad jacent   fo reshore   a rea .  A graph 

o f   d a i l y   e f f l u e n t   d i s c h a r g e s   f r o m  Wildwood Sewage Lagoon  appears 

i n   F i g u r e  4. 

4.1.3  Powel l   River WPCP. The Powel l   R iver  WPCP f i n a l   e f f l u e n t  
e x h i b i t e d  an average BOD5 o f  31.2 mg/R, a DO o f  6 . l  mg/R,- an 

average SS o f  18.5 mg/R and a mean f e c a l   c o l i f o r m  MPN o f  2.51 x 

105/100 mi. BOD and s o l i d s   l o a d i n g s  o f  t h e   f i n a l   e f f l u e n t  were 

300 and  179 1 b l d a y   r e s p e c t i v e l y .  The average  populat ion  equiva lent  

o f   t h e   f i n a l   e f f l u e n t  was 346. The p l a n t   o p e r a t e d   w e l l   c o n s i d e r i n g  

tha t   the   hydrau l i c   load ings   exceeded  des ign   by  60%  throughout  the 
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FIGURE 4 DAILY FLOWS - POWELL  RIVER  WPCP  AND 
WILDWOOD  SEWAGE  LAGOON 
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survey  per iod.  The MLSS was 2800 mg/R w i t h  71% v o l a t i l e .  

The s torm  f low sewage h o l d i n g   t a n k   o v e r f l o w   e x h i b i t e d  

6 
an  average BOD5 o f  9.1 mg/R, an  average SS o f  20.9 mg/R and a 

mean f e c a l   c o l i f o r m  MPN o f  1.48 x 10 . BOD and   so l i ds   l oad ings  

o f   t he   s to rmtank   ove r f l ow   were  92  and  278 l b / d a y ,   r e s p e c t i v e l y .  

The ave rage   popu la t i on   equ iva len t  was 1346. The low BOD5 

and SS l eve l s   can   be   exp la ined   by   (1 )   t he   d i l u te  sewage e n t e r i n g   t h e  

t r e a t m e n t   p l a n t   d u r i n g   p e r i o d s   o f   h e a v y   r a i n f a l l   a n d   ( 2 )   t h e   c l a r i -  

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

o f  2 hours. However, t h e   f e c a l   c o l i f o r m   c o n t e n t  was about   the  same 

as raw sewage. The s t o r m   f l o w  sewage h o l d i n g   t a n k   o v e r f l o w   i s  a 
major  source o f  bac te r i a l   po l lu t ion  t o  the foreshore  of  Malaspina 

S t r a i t  s i n c e  i t  i s  discharged  over  300'   f rom LWM and 1 I below LWM. 

Aerobic   d igested  s ludge i s  w a s t e d   t h r o u g h   t h e   e f f l u e n t   o u t f a l l  
genera 1 

w i t h  a 

30  day 

a popul 

l y  every  30 days. The sludge i s   a p p r o x i m a t e l y  0.3% s o l i d s  

f e c a l   c o l i f o r m  MPN o f  1.2 x 105/100 mR. Calcu la ted   over  a 

pe r iod ,   t h i s   rep resen ts  a s o l i d s   l o a d i n g   o f  101  lb/day  and 

a t i o n   e q u i v a l e n t  o f  0.005. I n   p r a c t i c e  each  s ludge  d igester  

i s  empt ied  over  a 24 h o u r   p e r i o d ,   t h i s   y i e l d s  a s o l i d s   l o a d i n g   o f  

1514  lb/day  and a p o p u l a t i o n   e q u i v a l e n t   o f   0 . 8 6 .   I n   t h i s   r e s p e c t  

wasted  aerobic  sludge  cannot be considered a m a j o r   c o n t r i b u t o r   o f  

feca l   o rgan isms  to   the   rece iv inq   waters .  The v i r a l   c o n t e n t   o f   t h e  

wasted  sludge will be  discussed i n   s e c t i o n  7.1. 

On an ove ra l l   bas i s   t he   Powe l l   R i ve r  WPCP f i n a l   e f f l u e n t  

and  s torm  f low sewage h o l d i n g   t a n k   o v e r f l o w ,   w i t h  an approximate 

BOD5 l o a d i n g   o f  475 l b l d a y ,  a s o l i d s   l o a d i n g   o f  558 sild a p o p u l a t i o n  

e q u i v a l e n t   o f  1692 ,   rep resen ts   t he   l a rges t   sou rce   o f   f eca l   bac te r ia l  

con taminat ion   in   the   Powel l   R iver   a rea .  

The Rawn Palmer  Formula f o r  Sewage D i s p e r s i o n   ( 9 )   p r e d i c t s  

a d i l u t i o n   a t   t h e   s h o r e l i n e   o f   e f f l u e n t   d i s c h a r g e d   f r o m   t h e   o u t f a l l  
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o f  11805.   Based  on  average  f lows  and  co l i form  data  th is   d i lu t ion 

w o u l d   y i e l d  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  21 MPN/100 mR a t   t h e  

shore1  ine.  

The s t o r m   f l o w  sewage o u t f a l l   t e r m i n a t e s   i n   1 '   o f   w a t e r  

making a d i l u t i o n   c a l c u l a t i o n  based  on t h e  Rawn Palmer  Formula 

impossib le .   Us ing a l i b e r a l   d i l u t i o n   e s t i m a t e   o f  1000  the  feca l  

c o l i f o r m   c o n c e n t r a t i o n   a t   t h e   s h o r e l i n e   w o u l d  be  1480 MPN/100 mR, 

t h e r e f o r e   i n  excess o f  swimming water  standards.  This  would 

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

organisms  near   the  shore l ine i n   t h e   a r e a   o f   t h e   P o w e l l   R i v e r  WPCP. 

A graph o f   d a i l y   e f f l u e n t   d i s c h a r g e s  and  stormtank  overf low  f rom 

the   Powel l   R iver  WPCP appears i n   F i g u r e  4. 

4.1.4  Westview WPCP. The Westview WPCP f i n a l   e f f l u e n t   e x -  
h i b i t e d  an  average BOD5 o f  38.0 rrig/R, an average SS o f  26.5 mg/E 

and  an  average f e c a l   c o l i f o r m  MPN o f  1.65 x 10   / l o0  mR. BOD and 

s o l i d s   l o a d i n g s   o f   t h e   f i n a l   e f f l u e n t  were 359 and  278, r e s p e c t i v e l y .  

The a v e r a g e   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   f i n a l   e f f l u e n t  was 234. 
The MLSS  was 3000 mg/R w i t h  76% v o l a t i l e  and t h e   a e r a t i o n  DO was 

4.3 mg/R. The p l a n t  was unab le   t o   ope ra te   a t   f l ows   exceed ing  

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

solids f r o m   t h e   s o u t h e a s t   c l a r i f e r ' s   s l u d g e   b l a n k e t   t o   t h e   e f f l u e n t .  

5 

The sewage bypass e x h i b i t e d  an  average BOD5 o f  40.1 mg/R, 

an  average SS o f  125.8 mg/E and an a v e r a g e   f e c a l   c o l i f o r m  MPN o f  

1.67 x 106/100 mR. BOD and so l i ds   l oad ing   o f   t he   bypass   ave raged  

173  and  202  lb/day,  respectively. The average  popu la t ion   equ iva len t  
o f   the   bypass  was 1101 . 

The c o n f i g u r a t i o n   o f   t h e   g r i t  chamber s ide  weir   caused  an 

excess ive amount o f  sewage t o  be bypassed t o   t h e   o u t f a l l .  Pump surges 

o c c u r r i n g  when sewage was pumped f rom  the  wet   wel l   caused  the  leve l  

i n   t h e   g r i t  chamber t o  exceed   the   l eve l   o f   t he   s ide   we i r   du r ing   each  
pumping  cyc le .   Therefore,   the  p lant   t reated  on  the  average  1 .00 MGD 
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o f  sewage and  bypassed  0.5 MGD du r ing   t he   su rvey   pe r iod .   I n  

a d d i t i o n   t h e   h i g h   l i q u i d   l e v e l   i n   t h e   g r i t  chamber mainta ined  by 

an i n l e t   c o n t r o l   g a t e   v a l v e   c a u s e s  sewage t o  back  up i n t o   t h e  

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

Aerobic   d igested  s ludge i s  wasted t o   t h e   m a r i n e   o u t f a l l  

n o r m a l l y   a t  30 day i n t e r v a l s .  The sludge i s  approx imate ly  0.3% 
s o l i d s   w i t h  a f e c a l   c o l i f o r m  MPN o f  1.2 x 10 / l o0  mR. Calcu la ted  

over  a 30 day   pe r iod   t h i s   rep resen ts  a s o l i d s   l o a d i n g   o f  202 l b l d a y  

and a p o p u l a t i o n   e q u i v a l e n t   o f   0 . 1 .  As men t ioned   ea r l i e r ,   was ted  

ae rob ic   d iges te r   s ludge  does n o t   r e p r e s e n t  a major  source o f   f e c a l  
organisms. The 30 day   res idence  t ime  p rov ided  by   the   d iges ters  

reduces   f eca l   co l i f o rm  l eve l s   t h rough   the  mechanisms o f   b a c t e r i a l  
d i e - o f f  a n d   p r e d a t i o n   t o   t h e   p o i n t  where  wasted d iges te r   s ludge  

represents   no  greater  a f e c a l   c o l  i form  source   than  t rea tment   p lan t  

e f f l u e n t .  

5 

In  general   the  Westview WPCP t o t a l   e f f l u e n t   w h i c h   i n c l u d e s  

. f i n a l   e f f l u e n t ,  sewage bypass and wasted  d igester   s ludge  represents  

BOD and s o l i d s   l o a d i n g s   o f  692 and 682 l b / d a y   r e s p e c t i v e l y ,   w i t h  a 

t o t a l   p o p u l a t i o n   e q u i v a l e n t   o f  1,335. 

The Rawn Palmer  Formula f o r  Sewage D i s p e r s i o n   p r e d i c t s  a 

d i l u t i o n   a t   t h e   s h o r e l i n e   f r o m   t h e   o u t f a l l   o f  11,940.  Based  on 

a v e r a g e   f l o w s   a n d   f e c a l   c o l i f o r m   d a t a   t h i s   d i l u t i o n   w o u l d   y i e l d  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  52 MPN/100 mR a t   t h e   s h o r e l i n e  

n e a r e s t   t h e   o u t f a l l .   T h i s  model  assumes t h a t  n o   b a c t e r i a l   d i e -  

away occurs  between  the  end o f   t h e   o u t f a l l  and  the  shore l ine.   Tota l  

d a i l y   f l o w   f r o m   t h e  Westview WPCP i s  i l l u s t r a t e d   i n   F i g u r e  5 and  an 
e s t i m a t e   o f   d a i l y  sewage bypass  appears i n   F i g u r e   6 .  

4.2 Creek  and  Storm - Dra inSamp le   S ta t i ons  

4.2.1 S1 iammon Creek ( 9 ) .  S1 iammon Creek  had a mean fecal  MPN 
o f  70/100 mR and   an   es t ima ted   popu la t i on   equ iva len t   o f  26.7.  There 

i s  l i t t l e  development  on  upper  Sliammon  Creek t o   e x p l a i n   t h e   h i g h  



- 17 - 

FIGURE 5 WESTVIEW TOTAL D A I L Y  FLOW 
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FIGURE 6 WESTVIEW BYPASS ESTIMATE 
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f e c a l   c o l  i form  counts  found a t  the mouth. The v i  1 l a g e   o f  S1 i ammon 

i s   a l l  sewered e x c e p t   f o r  a 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  owned by 

C. Peterson. Seepage f r o m   t h i s   t i l e   f i e l d   w o u l d   n o t   a c c o u n t   f o r  a 

p o p u l a t i o n   e q u i v a l e n t   o f  26.7. Poss ib le   exp lana t ions   f o r   t h i s   f eca l  
organism  contamination  are: 

1 ) landwash  from  the  watershed, 
2 )  e x f i l t r a t i o n  on the sewer l i n e   c r o s s i n g   t h e   c r e e k ,  

3 )   back f low  o f   con taminat ion   f rom  the  sewage o u t f a l l   i n t o  

the mouth o f  the  creek. 

4.2.2. Unnamed ". Creek . " _ "  (S3).   This  creek,  which  accepts  the  d ischarge 

from  the  Wildwood Sewage Lagoon,  had  an average  populat ion  equiva lent  

o f  only  2.3.  However, the  creek had  a mean f e c a l  MPN o f  936/100 mR 

and  wou ld   there fore   cause  cons iderab le   bac ter ia l   con taminat ion   in  

the   fo reshore   a rea   ad jacent   to   the  mouth.  Upstream o f   t h e  1  agoon 

discharge  the  stream had  a mean f e c a l  MPN o f  730/100 mR. This  con- 

taminat ion  can be e x p l a i n e d   b y   t h e   f a c t   t h a t   t h e   s t r e a m   d r a i n s  a 

l a r g e  number o f   sma l l   f a rms   suppor t i ng  1 i v e s t o c k .  

4.2.3 ". Wi 11 ingdon  Creek  (S4). Wi 11 ingdon Creek c o n s i s t s   o f  two 

branches;  the  north  branch  drains  Cranberry  Lake  f rom  the  north 

end whi le   the  south  branch  dra ins a l a rge   l ow   l y i ng   a rea   sou th   o f  
Cranberry  Lake. The combined f l o w   o f  W i l l i ngdon  Creek  had  a 

popu la t i on   equ iva len t   o f  2 .5  based on a s i n g l e   f e c a l  MPN count o f  

110/100 my,. A sample taken a t  t h e   p o i n t  where  Cranberry  Lake  drains 

i n t o   t h e   n o r t h   b r a n c h  had  a f e c a l  MPN o f  31/100 mR. Both  branches 
o f  Wil l ingdon  Creek d r a i n  wooded areas   be fore   en ter ing   Ma lasp ina  

S t r a i t .  I n   add i t i on ,   t he   no r th   b ranch   d ra ins   app rox ima te l y  20 acres 
o f   p a s t u r e b e f o r e e n t e r i n g   t h e  wooded area. 

4.2.4 Unnamed Creek (S6).  This  creek  had an e s t i m a t e d   f l o w   o f  

7.6 CFS d u r i n g   p e r i o d s   o f   s t e a d y   r a i n f a l l .  I t  i s  approx imate ly  

2 1/2 m i l e s   i n   l e n g t h ,   d i v i d e s   i n t o  two  branches a t  the  upper  end 

and  empties in to   Ma lasp ina  S t r a i t  n e a r   t h e   f o o t   o f  Hammond Avenue. 

The source o f  the  creek i s  a l a r g e   l o w - l y i n g  wooded area  between 
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O n t a r i o  Avenue, Joyce Avenue, A l b e r n i   S t r e e t  and  Barnet   St reet .  

The  mean f e c a l  MPN a t   t h e  mouth was i n  excess o f  873/100 mR, w h i l e  

the   f eca l  MPN o f  a sample  taken  upst ream  af ter   the  creek  leaves 

the wooded area was 140/100 mR. The h igh   counts   found  a t   the   mouth  

cou ld  be exp la ined   by   t he   f ac t   t ha t   t he   c reek   f l ows   t h rough  many 

p r i v a t e   l o t s   b e f o r e   e n t e r i n g   M a l a s p i n a   S t r a i t ,  and i s   t h e r e f o r e  

suscept ib le   to   contaminat ion  f rom  domest ic   an imal   waste.  

4.2.5 A lbe rn i   S t ree t   S to rm  Dra in   (S5 ) .   Th i s   c reek   o r i g ina tes  
as a s p r i n g  0.5 m i les   f rom  the   sho re l i ne .  The creek i s  open f o r  

most o f   i t s  cou rse   excep t   f o r   t he   l as t   app rox ima te  200 yards.  Storm 

d ra ins   connec t   t o   t he   c reek   a t   Mar ine  Avenue a n d   W i l l i n g d o n   g r e a t l y  

i n c r e a s i n g   i t s   f l o w .  A sample  taken a t   the   source   had a f e c a l  MPN 
o f  <2/100 m R ,  w h i l e   t h e  mean f e c a l   c o u n t   a t   t h e  mouth was i n  excess 

o f  482/100 mR. The dra in   passes  through many p r i v a t e   l o t s  and c o u l d  

be contaminated  by  animal  excreta.  The A l b e r n i   S t r e e t   s t o r m   d r a i n  

had  an ave rage   popu la t i on   equ iva len t   o f  0.32. This ,   therefore,  

represents  an i n s i g n i f i c a n t   s o u r c e   o f   f e c a l   o r g a n i s m s   i n   c o m p a r i s o n  

to   o ther   nearby   sources .  

4.26  Storm  Drains  (S7, S8, S9).  Three smal 1 s t o r m   d r a i n s   l o c a t e d  

a t   t h e   f e e t  o f  Nootka, O l iver   and  Pent ic ton   S t ree ts   were  sampled. 

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

mean f e c a l  MPN's o f  361, 200  and  145  per 100 mR, r e s p e c t i v e l y .  

However,  due t o   t h e   s m a l l  volume o f   w a t e r   c a r r i e d  by these  dra ins,  

t h e i r   p o p u l a t i o n   e q u i v a l e n t s   a r e   i n s i g n i f i c a n t .  However, a 

reconna issance  o f   the   shore l ine   a rea   revea led   the   p resence of a t   l e a s t  

15 add i t i ona l   s im i l a r   sma l l   s to rm  d ra ins   be tween   Wi l l i ngdon   Pa rk   and  

Gr ie f   Po in t .   Cumu la t i ve l y   t hese   d ra ins   cou ld   rep resen t  a source o f  

f eca l   bac te r ia   con tamina t ion   o f   t he   immed ia te   sho re l i ne   a rea ,   s ince  

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

4 .3   MacMi l lan  B loedel   L td . ,   Powel l   R iver   Div is ion 

Samples taken  f rom  the woodroom e f f l u e n t   e x h i b i t e d  a mean 

f e c a l  MPN o f  766/100 mR. W i t h   a n   e s t i m a t e d   f l o w   o f   1 0  MGD t h i s  
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source  represents a p o p u l a t i o n   e q u i v a l e n t   o f  10. Th is   source   o f  

fecal   organisms  coul  d  be expla ined  by (1 ) t h e   e x i s t e n c e   o f  domes t i c  

sewage l i n e s   t h a t  have n o t  been connected t o   t h e  Powel  1 R i v e r  

s a n i t a r y  sewer  system  and ( 2 )  a h i g h   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  

in   the  Powel l   R iver   Townsi te   s tormwater ,   which  d ischarges  to   the 

r e c e i v i n g   w a t e r s   w i t h   t h e  woodroom e f f l u e n t .  A summary o f   t o t a l  

BOD and S S  discharges  f rom  the mill appears i n  Appendix V. I nc luded  
i n   t h i s  summary i s  a p o p u l a t i o n   e q u i v a l e n t   c a l c u l a t i o n  based  on 

BOD. 

4.4 P r e c i p i t a t i o n  

A graph o f   d a i l y   p r e c i p i t a t i o n   i n   t h e  Powel  1 R iver   a rea  

fo r   Oc tober  23 - November  27,  1975 i s  g i v e n   i n   F i g u r e  7. By 

comparing th i s   g raph   w i th   f l ow   reco rds   f o r   Powe l l   R i ve r  WPCP, 

Westview WPCP and the  Wi 1  dwood Sewage Lagoon (F igures  3, 4 and 5),  
i t  can be  seen t h a t   f l o w s   i n c r e a s e   d r a m a t i c a l l y   d u r i n g   p e r i o d s   o f  

con t i nuous   heavy   ra in fa l l .   Th i s   po in ts   t o  an 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   t o   t h e  sewer l i n e   s i n c e   t h e o r e t i c a l l y ,  sewage 

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

the month o f  November,  1975 was 279.5 mm; t h i s   f a r  exceeds  the 

mean t o t a l   p r e c i p i t a t i o n   f o r  November (1941-1970) o f  158.2 rnm. The 

weather   cond i t ions   exper ienced  dur ing   th is   survey   there fore   re -  
p r e s e n t   t h e   w o r s t   p o s s i b l e   c o n d i t i o n s   w i t h   r e s p e c t   t o   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 i n c e   d u r i n g   t h e   p e r i o d s   o f   h i g h   f l o w r a t e s   i n c r e a s i n g  

amounts o f  sewage are  bypassed. By compar ing   feca l   co l i fo rm  da ta  

f o r   f i n a l   e f f l u e n t  and sewage bypass i t  i s  n o t e d   t h a t   f i n a l   e f f l u e n t  
has approx imate ly  10% 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   b y p a s s .  
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5 CALCULATIONS 

5.1 F1 ow Determi   nat ion 

5.1.1  Westview WPCP. The Westview WPCP i s  equ ipped   w i th  a 

F i   scher -Por te r  Ci r c u l   a r  F1  ow Recorder  whi ch records  instantaneous 

f l o w  measurements  produced  by a Parsha l l   f lume.   Th is   f lume measures 

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

sewage bypass .   To ta l   f lows  (F igure   5 )   a re   recorded  da i l y   by   the  

p l a n t   o p e r a t o r .  Bypass es t imates   (F igure  6 )  were  determined  using 

t h e   c i r c u l a r   f l o w   r e c o r d e r   c h a r t s  and e s t i m a t i n g   t h e  amount  exceed- 

i n g  1.2 MGD, the  des ign  f low.  The p l a n t   f l o w  was es tab l i shed   by  a 

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

f low  records  appear  i n   F i g u r e  8, extending  f rom  October 31 - November 

28, 1975. 

5.1.2  Powel l   River WPCP. A Parsha l l   f lume measures t h e   i n s t a n t a -  

neous f l o w   o f  raw sewage and  storm  tank  discharge. The f lume i s  

connected   to  a s t r i p   c h a r t   r e c o r d e r   l o c a t e d  i n  t h e   c o n t r o l   b u i l d i n g .  
However, t h i s   i n s t r u m e n t  was n o t   o p e r a t i o n a l   a t   t h e   t i m e   o f   t h e  

survey  and i s  scheduled f o r  r e p l a c e m e n t .   D a i l y   p l a n t   f l o w   ( F i g u r e  4) 
was de termined  by   tak ing  an  average  f low  leve l  o f f  t he   Pa rsha l l  

flume. The s t o r m   t a n k   o v e r f l o w   r a t e   ( F i g u r e  4)  was c a l c u l a t e d   u s i n g  
a formula;  

Q = 3.33 L h3’3 (5 1 

where Q = d i s c h a r g e   c f s  

L = l e n g t h   o f   c r e s t  o f  w e i r  

h = head  upon c r e s t   o f   w e i r  

which  expresses  the  d ischarge  over a r e c t a n g u l a r   w e i r ,   n e g l e c t i n g  

v e l o c i t y  o f  approach. The p l a n t   f l o w   l e v e l  was c o n t r o l l e d   b y  a 

m a n u a l l y   s e t   i n l e t   g a t e   v a l v e .  

5.1.3  Wildwood Sewage Lagoon. The l a g o o n   e f f l u e n t   d i s c h a r g e  

f l o w   ( F i g u r e  4 )  was e s t i m a t e d   b y   t a k i n g   t h e   a v e r a g e   h e i g h t   o f   e f f l u e n t  

o v e r f l o w i n g  a r e c t a n g u l a r   w e i r   l o c a t e d   a t   t h e   l a g o o n   o u t l e t .  The 
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FIGURE 8 WESTVIEW WPCP TOTAL FLOW - OCTOBER 31-NOV. 7, 1975 
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FRIDAY 

FIGURE 8 WESTVIEW  WPCP TOTAL FLOW -NOVEMBER 7- 14,1975 
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FIGURE 8 WESTVIEW  WPCP  TOTAL  FLOW - NOVEMBER 14-21,1975 
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FIGURE 8 WESTVIEW WPCP TOTAL FLOW - NOVEMBER 21-28,1975 
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weir formula,  given  in  section  5.1.2, was used i n  the discharge 
calculation. Flow estimates of the unnamed creek were determined 
u s i n g  an estimated  cross-sectional  area and  an average  velocity 
a t  a location upstream of  the lagoon discharge. 

5.1.4 Sliamnon STP. The flow  recording  device a t  the Sliamnon 
STP was n o t  operational d u r i n g  the survey. Flow estimates were 
provided by Environmental Protection  Service,  Federal  Activities, 
Pollution Abatement  Group, who estimated the plant  flow t o  be 
30,000 GPD during  periods  of  continuous heavy rainfall   as ex- 
perienced d u r i n g  this survey. 

5.2  Population  Equivalents 

The population  equivalent o f  a source of fecal organisms 
can be calculated by determining a standardized  value  for the fecal 
coliform  contribution per capita  to the sewage system. The standard 
total  coliform  contribution is 1.6 x 10l1  total  coliforms/person/day.* 

H u n t  and Springer  (10)  estimate  that  the  fecal  coliform 
content i s  20% of the total  coliform  count. This yields  a value  of 
3.2 x 1 O1 fecal  col i forms/person/day . 
Exampl e : Population  Equivalent  of Westview WPCP Effluent 

November 5 ,  1975 
Total Flow = 

Bypass Estimate = 

Plant Flow = 

Fecal Col iform Count = 

Population  Equivalent = 

2.67 MGD 
1.80 MGD 
0.87 MGD 

7 x lo4 MPN/lOO mll 
No. Fecal Col iforms  Discharqed per day 

Standardized Fecal Coliform Value 

0.87 x lo6 x 7 x lo4 x 45.45 
3.2 x 10 10 

86.5 

* U.S .  Public  Health  Publication No. 33 
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Therefore, on  November 5,  1975 the  fecal  coliform  content of the West- 
view WPCP eff luent  was equivalent  to  the raw  sewage contribution of 
86.5  people. 

Note: Daily  flow from the Westview WPCP i s  taken from the  following 
day's  records. Powell River WPCP and  Wildwood  Sewage  Lagoon flows are 
taken on the day recorded. Average population  equivalent  figures 
presented  in Appendix IV are  calculated using the  average  fecal  coli- 
form concentration of  the samples  taken and the average  daily  plant 
flow. 
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6 

6.1 

COMMENTS AND RECOMMENDATIONS 

Vi ruses 

The use o f   f e c a l   c o l i   f o r m   o r g a n i s m s  as  i n d i c a t o r s   o f  

p o l l u t i o n   g i v e s   l i t t l e   i n f o r m a t i o n  on  pathogenic  v i ruses.  Viruses 

may s u r v i v e   u n d e t e c t e d   u n d e r   c o n d i t i o n s   t h a t   r e s u l t   i n   t h e  
e l i m i n a t i o n  o f  co l i form  organisms.  As  an  example,  waste s t a b i l i -  

z a t i o n  ponds g e n e r a l l y   r e d u c e   c o l i f o r m   c o n c e n t r a t i o n s   b y  99% b u t  

do n o t   s i g n i f i c a n t l y   r e d u c e   v i r u s   c o n t e n t   ( 6 ) .  The average  en ter ic  

v i r u s   d e n s i t y   i n   d o m e s t i c  sewage has  been est imated  as  600 

TCID50/100 m k  d u r i n g  warm months  and 30 TCID50/100 mR d u r i n g   c o l d  

months. I n   add i t i on   ev idence   has  been p resen ted   t o   sugges t   t ha t  a 
s i n g l e  TCIDS0 may be s u f f i c i e n t   t o   i n f e c t  man i f  p l a c e d   i n   c o n t a c t  

w i t h   s u s c e p t i   b l  e c e l l  s. 

* 

A l i s t   o f   t h e   s i x   m a j o r   e n t e r i c   v i r u s  subgroups i s  g iven  

i n  T a b l e   1 .   E n t e r i c   v i r u s e s   s u r v i v e   l o n g e r   i n   c l e a n   w a t e r   t h a n   i n  

h e a v i l y   p o l l u t e d   w a t e r  and su rv i va l   t ime   i s   reduced   even  more i n  

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

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

t i m e   o f   v i   r u s e s   a n d   b a c t e r i a   l e n g t h e n   w i t h  1 owered  temperatures; 

g e n e r a l l y  a 10' C r i s e   i n   w a t e r   t e m p e r a t u r e   d o u b l e s   t h e   a v e r a g e   r a t e  

a t  wh ich   v i ruses   a re   des t royed .   Ac t i va ted   s ludge  sewage t rea tment  

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

absorbed t o   t h e   b i o l o g i c a l   s o l i d s .   E x p e r i m e n t s   w i t h   C o x s a c k i e  

v i r u s  B5 have shown 94% - 99% removal   by  the  act ivated  s ludge 

process  (6).  

A r e p o r t   b y  Subrahmanyan ( 7 )  p o i n t s   o u t   t h a t   d i g e s t e d  

sludge i s  a l m o s t   v i r u s   f r e e ;   t h i s   i s   p r o b a b l y  due t o   t h e   l o n g  

re ten t i on   t imes   i nvo l ved .   Th i s   t hen   wou ld   i nd i ca te   t ha t   was te  

aerob ic   s ludge  f rom  the   Powel l   R iver  WPCP and  Westview WPCP does 

* T i s s u e   c u l t u r e   i n f e c t i o u s  dose. 
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TABLE 1 HUMAN ENTERIC VIRUSES I N  WASTEWATER AND ASSOCIATED 
DISEASES ( 6 )  

V i rus  
Subgroup 

Number 
o f  Types Disease 

Pol i o v i   r u s  

Coxsack iev i rus 

Group A 

Group B 

Echovirus 

I n f e c t i o u s   h e p a t i   t i s  

Reovirus 

Adenovirus 

3 P a r a l y t i c   p o l i o m y e l i t i s ,  

a s e p t i c   m e n i n g i t i s  

24 Herpangina,   asept ic   meningi t is ,  

p a r a l y s i s  

6 Pleurodynia  (Bornholm  disease) 

a s e p t i c   m e n i n g i t i s ,   a c u t e  

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

30 

1 

3 

30 

Asept ic   men ing i t i s ,   rash   and 

fever ,   d ia r rhoea l   d isease,  

r e s p i r a t o r y  i 1 lnesses 

I n f e c t i o u s   h e p a t i t i s  

F e v e r ,   r e s p i r a t o r y   i n f e c t i o n s  

and  diarrhoea 

Resp i ra to ry   and   eye   i n fec t i ons  
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n o t  pose a s e r i o u s   v i r o l o g i c a l   h a z a r d .  Waste s t a b i l i z a t i o n  ponds 

such as t h e  Wildwood Sewage Lagoon p r o v i d e   l i t t l e   s i g n i f i c a n t  

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

the re   shou ld   reduce   t he   concen t ra t i on   o f   v i ruses   en te r ing   t he  

rece iv ing   wa te rs .  

The p r imary   hea l th   haza rd   posed   by   v i ruses   resu l t s   f rom 

t h e   l a r g e  amount o f  sewage bypassed  by  the  Westview WPCP and t h e  

Powel l   River WPCP. I n   t h e   e v e n t   o f  an o u t b r e a k   o f   v i r a l   i n f e c t i o n  

i n   t h i s   a r e a ,   t h i s  bypass  would  pose a ser ious   hea l th   hazard .  

6.2 I n f i l 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   ( F i g u r e  7) w i t h   d a i l y  
p lan t  and bypass   f l ow   i n fo rma t ion   (F igu res  4, 5, and 6 ) ,  i t  i s  

e v i d e n t   t h a t   a l l   t h e  sewage treatment  systems  involved  received  ex- 

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  of  heavy 

r a i n f a l l .  The major  causes  of 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  and l e a k y   p i p e   j o i n t s ,   w h i l e   t h e   s o u r c e s  

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

connect ions   w i th   s to rm  sewers   and  sur face   runof f   in to   poor ly   p laced 

manholes . 
P a r t  o f   t he   h igh   f l ows   rece ived   by   t he   Powe l l   R i ve r  WPCP 

can be e x p l a i n e d   b y   t h e   f a c t   t h a t  some p o r t i o n s   o f   t h e   t o w n s i t e  

s t i l l  have  combined  storm  and  sanitary  sewers. The Westview  sewer 

system,  however, i s  comple te ly   separa ted   in to   s to rm and s a n i t a r y  

sewers.  Therefore, a survey o f  t h e  sewer  systems  involved i s  

r e q u i r e d   t o   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 .  The 

most common t e c h n i q u e s   a v a i l a b l e   t o  remedy t h e   s i t u a t i o n   a f t e r  

t h e   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  have  been loca ted   a re :  (8 )  

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

( 2 )  manhole  grout ing,  
( 3 )  rep lacement ,   e leva t ing   and/or   sea l ing   o f   manho le  

covers,  
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(4 )   rep lacemen t   o f   seve re l y  damaged sewer sec t ions ,  

( 5 )  i n s e r t i o n   o f  sewer  1 i n e r s ,  and 

( 6 )  r e m o v a l   o r   p l u g g i n g   o f   i l l e g a l   i n f l o w   c o n n e c t i o n s .  

Observations made du r ing   t he   su rvey   po in t   t owards   l a rge  
i n f l o w   c o n t r i b u t i o n s   ( i . e .   i l l e g a l   d o w n s p o u t s ,   e t c . )   s i n c e   p l a n t  
f l ows   i nc reased   d ramat i ca l l y   w i th in  a s h o r t   p e r i o d   a f t e r   h e a v y  

r a i n f a l l  had  comnenced.  Excess sewage hyd rau l i c   l oad ings   t o   t he  

Powel l   River WPCP and  Westview WPCP are  bypassed t o  Malaspina 

S t ra i t ;   t h rough   the  300' s t o r m   o u t f a l l   i n   t h e  case o f   Powe l l   R i ve r  

WPCP and  through  the 1400' m a r i n e   o u t f a l l   i n   t h e   c a s e   o f   W e s t v i e w  

WPCP. These bypasses  represent  the two l a r g e s t   s o u r c e s   o f   b a c t e r i a l  

p o l l u t i o n   t o   M a l a s p i n a   S t r a i t  and t h e r e f o r e   p r e s e n t   s i g n i f i c a n t  

hea l th   hazards   to   the   ad jacent   fo reshore   a reas .  

The fo l low ing   suggest ions   shou ld  be considered  to   reduce 
b a c t e r i a l   p o l l u t i o n  o f  M a l a s p i n a   S t r a i t  due to   excess 

t i o n / i n f l o w :  

(1 )   Powel l   R iver  Water P o l l u t i o n   C o n t r o l  P 

( i  ) E x t e n s i o n   o f   s t o r m   f l o w  sewage 

i v e   i n f i l t r a -  

l a n t  

o u t f a l l   t o  

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

away  on 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 s .  
( i i )  Completion o f  t he   separa t i on  o f  storm  and 

s a n i t a r y  sewers i n  the  Powel l   River  Townsi te.  
( 2 )  Westview  Water P o l l u t i o n   C o n t r o l   P l a n t  

( i )   I n i t i a t e  an i n f i l t r a t i o n / i n f l o w   s t u d y   t o  

loca te   ma jor   sources .  

(i i ) Upon locat ing  these  sources,   proceed  to  
remove i l l e g a l   c o n n e c t i o n s  and  reduce 

i n f i l t r a t i o n   t h r o u g h   i n s e r t i o n   o f  sewer 

l i n e r s   o r   r e p l a c e m e n t  o f  damaged sewer 
sect ions.  
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( i i i )  S t u d y   t h e   f l o w   d i s t r i b u t i o n   p r o b l e m   o f   m i x e d  

l i q u o r   t o   t h e   c l a r i f i e r s  so t h a t   t h e   p l a n t  

can be operated  above  des ign  capaci ty   dur ing 

p e r i o d s   o f   h i g h   f l o w s .  

( i   v )   C o n s i d e r   c o n s t r u c t i o n   o f  a surge  tank ahead 

o f   t h e   P a r s h a l l  P1  ume to,  

(1  ) smooth o u t  pump surges  f rom  the  wet 
we1 1 , and 

( 2 )  e q u a l i z e   d i u r n a l  and  storm  f low t o  

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

d a i l y   f l o w s .  

( v )  Rearrange  the  screened g r i t  chamber over-  
f l  ow, so tha t   ove r f l ow   occu rs   t h rough  a 

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

gross  sol ids  removal   f rom  the  bypass  and 

a s e l f - c l e a n i n g  mechanism. 

( 3 )  Sliammon Sewage Treatment   P lan t  

C o n s t r u c t i o n   o f  a sewage bypass  should be con- 

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

t rea tmen t   p lan t   can  be preset .   Th is   wou ld  

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

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

o p e r a t o r   d i l i g e n c e  and t r a i n i n g  i s  r e q u i r e d   t o  

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

6 .3 Pumping S t a t i o n s  

The l o c a t i o n s   o f  all pumping s ta t i ons   se rv ing   t he   Powe l l  

R i v e r   D i s t r i c t   M u n i c i p a l i t y   a r e   i l l u s t r a t e d   i n   F i g u r e  1. 

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

pump f a i l u r e   o r  a ma jor   power   in te r rup t ion .  Each s t a t i o n   i s   c o n n e c t e d  
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t o  an  a larm  system  and  prov ides  approx imate ly   four   hours  o f  

hyd rau l i c   re ten t i on   t ime   be fo re   ove r f l ow   occu rs .  The opera tor  

r e p o r t e d   t h a t   s i n c e   i n s t a l l a t i o n  none o f   t h e  pumping s t a t i o n s  have 

been o u t   o f   o r d e r   l o n g  enough f o r   o v e r f l o w   t o   o c c u r .  The pumping 
s t a t i o n ,   t h e i r   l o c a t i o n s  and o v e r f l o w   f a c i l i t i e s   a r e   l i s t e d   b e l o w :  

(1 )   Car iboo Avenue pumping s t a t i o n ,   l o c a t e d   d i r e c t l y  

e a s t   o f   G r i e f   P o i n t ,   o v e r f l o w s   t o  a 12"  d iameter 

o u t f a l l   t e r m i n a t i n g  600' f rom LWM and 60' below LWM. 

( 2 )   G r i e f   P o i n t  pumping s t a t i o n ,   l o c a t e d   a t   G r i e f   P o i n t ,  

o v e r f l o w s   t o  a 1 2 "   d i a m e t e r   o u t f a l l   t e r m i n a t i n g  

500' f rom LWM and 50' b e l  ow  LWM. 

(3 )  Marine Avenue  pumping s t a t i o n ,   l o c a t e d   d i r e c t l y  

n o r t h  o f  Gr ie f   Po in t ,   over f lows  across   the   fo reshore  

t o  Mal as p i  na S t r a i  t. 

(4)   Westv iew  pumping  s ta t ion,   located  ad jacent   to   the 

Westview WPCP, o v e r f l o w s   d i r e c t l y   t o   t h e  Westview 

WPCP 1 4 0 0 '   m a r i n e   o u t f a l l .  

( 5 )  Powe l l   R i ve r   pump ing   s ta t i on ,   l oca ted   ad jacen t   t o  

the   Powel l   R iver  WPCP, over f lows  across  the  foreshore 

t o   M a l a s p i n a   S t r a i t .  

( 6 )  L indsay   Park   pumping   s ta t ion ,   loca ted   near   the   nor th  
end o f  Cranberry  Lake,  overf lows  into  Cranberry  Lake. 

( 7 )  Mowat Bay  pumping s ta t i on ,   l oca ted   nea r   t he   sou th -  
e a s t e r n   e x t r e m i t y  o f  Powel l   Lake,   over f lows  in to  

Powel 1 Lake . 
(8) Wildwood  pumping s t a t i o n ,   l o c a t e d   o n  Lund S t r e e t   i n  

Wildwood  Heights,  overflows down a s lope  approx imate ly  

500 metres i n   l e n g t h   t o   P o w e l l  Lake. 

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

areas  would  receive a h i g h   c o n c e n t r a t i o n   o f   b a c t e r i a l   p o l l u t i o n ,  

making  the  area  unsafe  for   any  recreat ional   use.  
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APPENDIX I FRESHWATER AND SEWAGE EFFLUENT SAMPLE  STATION 
LOCATIONS 

Sample Stat ion  Locat ion 

s2 
S1  iammon E 

118E 
s3 
M E W  
171E 
171 BP 

s4 
s5 
73E 
7 3BP 
S6 
s 7  
S8 
s9 

Mouth of  Sliamnon Creek 
Sliammon Indian Reserve Sewage Treatment  Plant 
F ina l   Ef f luent  
Wildwood Sewage Lagoon Ef f luen t  
Mouth o f  Unnamed Creek south  of  Gibson's Beach 
MacMi 1 lan  B1 oedel Woodroom  Ef f  1 uen t 
Powell River Sewage Trea tment   P lan t   F ina l   Ef f luent  
Powell River Sewage Treatment  Plant  Storm Tank 
Overf 1 ow 
Mouth of  Willingdon Creek 
Mouth o f  Storm  Drain  foot  of  Alberni  Street  
Westview Sewage Treatment  Plant  Final Effluent 
Westview Sewage Treatment   Plant  Sewage Bypass 
Mouth o f  Creek f o o t   o f  Hamond S.treet 
Mouth of  Storm  Drain  foot  of Nootka S t r e e t  
Mouth o f  Storm  Drain  foot  of Oliver S t r e e t  
Mouth of   Storm  Drain  foot   of   Pent ic ton  Street  
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APPENDIX V MACMILLIAN BLOEDEL  LTD.  PULP AND PAPER MILL; 
SUMMARY OF DAILY DISCHARGES 

Tota l  F1 ow 
Month MGD 

Jan. 

Feb. 

Mar. 

A p r i  1 

May 

June 

J u l y  

Oct. 

Nov. 

Average 

73.8 

72.2 

71.9 

72.3 

62.0 

61.3 

73.9 

73.9 

73.0 

70.5 

ss BOD5 ' popu la t i on  
TP D TP D Cuni t s  Production Eqyiva1,ent 

x1 000 

70.9 

67.5 

70.8 

66.7 

70.3 

69.6 

69.5 

72.3 

69.2 

28.3 

25.5 

35.4 

36.5 

35.5 

37.2 

32.1 
2 n.a. 

35.6 

36  72 

349 1 

3694 

361  2 

340 7 

3522 

361  3 

3488 

34 50 

28 3 

255 

35 4 

36 5 

355 

372 

32 1 

n.a. 2 

356 

69.6 33.2 3550  332 

'Popu la t i on   equ iva len t   based   on   con t r i bu t i on  of  0.2 l b  BOD5/person/day. 

2 n.a.   Not  avai lable.  
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