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1 ERRATA 

Figure 2 ,  page 5. The l o c a t i o n  of S10 s a m p l i n g   s t a t i o n  

i s  i n c o r r e c t .  The correct l o c a t i o n  

i s  a t   t h e  mouth of t h e   Q u a t s e   R i v e r .  



ABSTRACT 

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

s h e l l f i s h   g r o w i n g   a r e a s  and foreshore  f rom  Duval   Point   to   Fa lse Head, 

inc lud ing   Hardy  Bay and  Beaver  Harbour, was conducted  between November 20 
and December 8, 1978 by personne l   o f   the   Env i ronmenta l   Pro tec t ion  

Serv ice ,   Pac i f i c   Reg ion .  
The b a c t e r i o l o g i c a l   s t u d y  was under taken  to   evaluate  shel  1 f i s h  

growing  water  qual i ty and t o  assess  the  adequacy o f  t he  two e x i s t i n g  

Schedul e 1 shel  1 f i s h   c l o s u r e s .  A san i ta ry   survey  was conducted 

c o n c u r r e n t l y   t o   i d e n t i f y  and eva lua te  sewage p o l l u t i o n   s o u r c e s   t o   t h e  

study  area. 
Dur ing   the   survey  368 marine and  99 f reshwater  and e f f  1 uent  

samples  were  col lected. A t o t a l  o f  58 marine  stat ions  were  sampled, and 

o f  these, 11 d i d   n o t  meet the   she l l f i sh   g row ing   wa te r   s tandards .  

The s u r v e y   r e s u l t s   i n d i c a t e   t h a t   t h e   p r e s e n t   S c h e d u l e  1 

c losures  12-1  and  12-3  o f   Hardy Bay and Beaver  Harbour  should  remain i n  

e f f e c t .  



Une 6tude  bact6riologique e t  de salubri   t6 des a i res  de culture des 
mollusques bivalves e t  des  crustace's  ainsi que des rives  s 'etendant 
de Duval Point 'a Fa1 se Head, en passant par  Hardy Bay e t  Beaver 
Harbour, a e'te' mene'e du 20 novembre  au 8 de'cembre 1978 par  l e  Service 
de l a  protection de l'environnement de l a  re'gion du Pacificque. 

L'6tude  bact6riologique  avait pour b u t  d'e'valuer  la  qualit6 des 
a i res  de culture des  crustace's e t  de mettre 2 jour  les donne'es 
concernant les  secteurs contamine's, actuellement ferme's. Mene'e 
simul tane'ment, 1 '6tude de salubri te' visai t d6terminer e t  e'val uer 
les  sources de pollution que constituent  les  effluents de l a  re'gion. 

Aux f i n s  de ce t te  e'tude, on a recuei l l i  368 e'chantillons marins e t  
99 d'eau douce e t   d ' e f f luen t s .  On a f a i t  ces  pre'lhements dans 58 
stations marines au to t a l .  Parmi ce l les -c i ,  11 n 'ont  pas  s a t i s f a i t  
aux normes  de qual i t 6  exig6e. 

Les conclusions de l '6 tude d6montrent que les  secteurs 12-1 e t  12-3 
de  Hardy Bay e t  Beaver Harbour devraient demeurer ferme's. 
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1. P o r t i o n s   o f   t h e   i n t e r t i d a l   a r e a s   o f   H a r d y  Bay were  contaminated  wi th  

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

mol luscan she1 1 f i s h  may pose a heal th   hazard.  The contaminated  areas 

i nc luded   the   Qua tse   R ive r   es tua ry ,   t he   pub l i c   boa t  moorage  area,  the 

rece iv ing   waters   immedia te ly   a round  the  mouth o f   S t i n k  Creek,  and the  
rece iv ing   wa te rs   a round   the  mouth o f   t h e   T s u l q u a t e   R i v e r .  The major  

i d e n t i f i e d   s o u r c e s   o f   c o n t a m i n a t i o n   t o   H a r d y  Bay inc luded:  

d ischarges   f rom  moored  boats   a t   the   pub l i c   boat   bas in   and  f loa t ing  

homes l o c a t e d  on t h e   e a s t   s i d e   o f  Hardy  Bay;  domestic sewage 
o r ig ina t i ng   f rom  Sea food   P roduc ts   L td . ;   sep t i c   t ank   e f f l uen t  

discharged  by  Robert  Scott  Elementary  School  and  teachers'  houses; 

sept ic   tank  over f lows  and/or   raw sewage d i scha rges   t o   t he   boa t   bas in  

f rom  surrounding homes; urban  and  up lands  runof f  i n   S t i n k  Creek;  and 
sewage e f f l u e n t   d i s c h a r g e d  by the   Tsu lquate  sewage t rea tmen t   p lan t .  

2. The D i s t r i c t   o f   P o r t  Hardy  Tsulquate sewage t r e a t m e n t   p l a n t  was 

u n a b l e   t o   c o n s i s t e n t l y   p r o d u c e  a h i g h   q u a l i t y   e f f l u e n t  due to:   raw 

sewage d i s c h a r g e   r e s u l t i n g   f r o m   h i g h   i n f l u e n t   f l o w s ;   t h e   d i s c h a r g e  
o f   d i g e s t e d   s l u d g e   t h r o u g h   t h e   o u t f a l l  and, s ludge  carry-over   f rom 

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

c l a r i f i e r   t o   t h e   f i n a l   e f f l u e n t  may be caused  by  the  contact  
s t a b i l i z a t i o n  mode o f   o p e r a t i o n ,   o r  by d e n i t r i f i c a t i o n .  

3 .  A dye  study  conducted  on  the  Tsul  quate sewage t r e a t m e n t   p l a n t  

discharge  (Appendix VI11 i n d i c a t e d   t h a t   s i g n i f i c a n t   i n t r u s i o n   o f  

e f f l u e n t   i n t o   t h e   s h e l l f i s h   g r o w i n g   a r e a s   a t   t h e   T s u l q u a t e   e s t u a r y  

can  occur. The r e s u l t s   o f   t h i s   s t u d y  were  supported  by  the  marine 

b a c t e r i o l o g i c a l   r e s u l t s .  
4. P o r t i o n s  o f  S t o r e y ' s  Beach  and t h e   i n t e r t i d a l   w a t e r s   o f f   t h e   F o r t  

Ruper t   Ind ian  Reserve  in   Beaver   Harbour   were  contaminated  wi th   feca l  

p o l l u t i o n   t o   t h e   e x t e n t   t h a t   c o n s u m p t i o n   o f   b i v a l v e   m o l l u s c a n  
s h e l l f i s h  may pose a heal th   hazard.  The m a j o r   i d e n t i f i e d   s o u r c e s   o f  

sewage contaminat ion  were sep t i c   t ank  seepage  from a home on the  

Ind ian   Reserva t i on  and  from  the  Department  of  Highways  workyard. 
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5. Subsurface septic t a n k  seepage i s  a possible  cause of contamination 
a t  Storey's Beach  due t o  the proximity of unsewered homes t o  the 
foreshore and the  coarse-grained  nature of the  soil i n  the  area, 
a1 though no evidence of malfunctioning sewage disposal systems was 
observed. 

6. The discharge o f  sewage from the  Distr ic t  of Port Hardy Airport 
sewage treatment p l a n t  d i d  not impair water quality i n  the  imediate 
foreshore  areas o f  Beaver Harbour. This  plant produced a h i g h  
q u a l i t y  effluent d u r i n g  this  study, a l t h o u g h  the maintenance of a low 
MLVSS concentrations i n  the  aeration tank may eventually  lead t o  
system fa i  1 ure. 

7. Drainage from the  Port Hardy Airport ( i  rlcludi ng Keogh River) was not 
contaminated w i t h  fecal  material and d i d  not impair receiving water 
quality. 
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SCHEDULE 1 CLOSURES 

1. The present  Schedule 1 Area  12-1  c losure  o f   Hardy Bay should  remain 

i n   e f f e c t .  

R e t e n t i o n   o f   t h i s   c l o s u r e   i s   p r e d i c a t e d  on the  observed  and/or 

p o t e n t i a l   c o n t a m i n a t i o n   o f   t h e   m a j o r   b i v a l v e  moll uscan she1 1 f i s h  

resource  areas i n   t h e  bay. 

2. The present  Schedule 1 Area  12-3 c losure   o f   Beaver   Harbour   shou ld  
remain i n   e f f e c t .  

R e t e n t i o n   o f   t h e   c l o s u r e   i s   p r e d i c a t e d  on the  observed  mar ine 

contaminat ion  presumably  ar is ing  f rom  unsewered  areas i n  Beaver 

Harbour. 

C losures   a re  shown i n   F i g u r e  1. 

Y 

i 
1. 





- 1 -  

I 

1 INTRODUCTION 

P o r t  Hardy, l o c a t e d  on the   nor theas t   coas t   o f   Vancouver   I s land,  

i s  deve l .op ing   i n to   t he   dominan t   reg iona l   cen t re   f o r   t he   Nor the rn  

Vancouver  Island  and  Mid-Coast  regions. An e x c e l   l e n t   d i s c u s s i o n   o f   t h e  

present  and f u t u r e  developrilent  plans o f   t he   a rea   can  be found i n   t h e  

pub l i ca t i on   Po r t   Ha rdy  Community P lan   (1 )   f rom  wh ich  much of t h e  

i n t r o d u c t o r y   i n f o r m a t i o n   p r e s e n t e d   h e r e i n  was taken. 

The Port   Hardy  area was i n i t i a l l y   e s t a b l i s h e d  as a p o p u l a t i o n  

c e n t r e   i n  1856, when the  Hudson's Bay Company s i t u a t e d  a t r a d i n g   p o s t   a t  
For t   Ruper t .  The present   town  centre has been re - loca ted   f rom  the  

o r i g i n a l   l o c a t i o n  on the   eas t   s ide   o f   Hardy  Bay t o   t h e  west  side, and now 

serves a p o p u l a t i o n  o f  approx imate ly  3800. Port   Hardy  exper ienced a 

d r a m a t i c   i n c r e a s e   i n   p o p u l a t i o n   i n   1 9 7 1   w i t h   t h e   e s t a b l i s h m e n t   o f   t h e  

Utah  Mines  Island  Copper  development  beside  Rupert  Inlet.   This  mine 

a c c o u n t s   f o r  43% o f   t h e   t o t a l  employed  population. 

F o r e s t r y   i s   a n o t h e r   r n a j o r   a c t i v i t y   i n   t h e   a r e a  and t h e   r e c e n t  

Mid-Coast   repor t   i ssued  by   the  B.C. Department o f  Economic  Development 
s t a t e s   t h a t   P o r t   H a r d y  has t h e   p o t e n t i a l   t o  become a mai n f o c a l   p o i n t   f o r  

new economic  development i n   N o r t h e r n  Vancouver I s l a n d  based l a r g e l y  on 

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

The f i s h i n g   i n d u s t r y   i s   a l s o   v i t a l   t o   t h e  economy of P o r t  
Hardy, w i t h   t h e  Mid-Coast   reg ion   account ing   fo r  51.4% o f   t h e   t o t a l  

commercial f i s h   l a n d i n g s   ( b y   v a l u e ) .  

The  she1 l f i s h   i n d u s t r y  has s u f f e r e d  as a consequence  of sewage 

contaminat ion  o f  t h e   m a j o r   s h e l l f i s h  beds l o c a t e d   i n   t h e   T s u l q u a t e  

e s t u a r y  and i n  Beaver   Harbour .   Cons iderab le   she l l f i sh   harves t ing  was 

o c c u r r i n g   p r i o r   t o   t h e   e s t a b l   i s h m e n t   o f   S c h e d u l e  J (now  Schedule 1) 

closures  12-1  and  12-3 i n  1971. A t o t a l   o f  28 700 k g  o f   b u t t e r  clams 

were  harvested  f rom  the  Tsulquate  River   estuary i n  1969-70. 
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Sewage con tamina t ion   i n   Hardy  6ay was a t t r i b u t e d   t o   t h e  

d ischarges   o f   raw sewage and s e p t i c   t a n k   e f f l u e n t   f r o m   a t   l e a s t   n i n e  

o u t f a l l s .   O t h e r   p o s s i b l e   p o l l u t i o n   s o u r c e s   c i t e d   i n c l u d e d   d i s c h a r g e s  
f r o m   f i s h i n g  and p leasu re   boa ts   us ing  moorage f a c i l i t i e s  and s e p t i c   t a n k  

e f f l u e n t  and  seepage f r o m   t h e   d w e l l i n g s   a t   t h e  head o f  Hardy Bay i n   t h e  

Quatse  Estuary.   Contaminat ion i n  Beaver  Harbour was p r i m a r i l y   a t t r i b u t e d  

t o   d i r e c t  sewage d ischarges and sewage c o n t a m i n a t i o n   o f   t h e  unnamed creek 

which  f lows  through  the  For t   Ruper t   Ind ian  Reserve  in to   Beaver   Harbour .  
Th i s   con tamina t ion   o r i g ina ted   f rom  sep t i c   t ank  seepage  from  dwell ings i n  

t h e  watershed. The r e p o r t  a1 so conc luded  tha t  sewage d i s c h a r g e d   t o  

Beaver   Harbour   v ia   an  out fa l l   f rom  the  proposed G.M.G. L o g g i n g   T r a i l e r  

Park sewage t rea tmen t   p lan t   cou ld   conce ivab ly   con tamina te   t he   wa te rs   i n  

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

o f   t h e   f o r e s h o r e   w a t e r   q u a l  i ty .  

As a r e s u l t   o f   t h e   s u r v e y s   c o n d u c t e d   i n   1 9 7 1  and  1972, it was 

recommended t o   r e t a i n   t h e   S c h e d u l e  1 c losu res   12 -1  and  12-3 f o r  Hardy Bay 

and  Beaver  Harbour. 

Considerable  improvement  and  expansion  of  the sewage c o l l e c t i o n  

and  treatment  systems  serving  Hardy Bay and Beaver  Harbour  has  taken 

place  s ince  these  surveys  were  conducted. The t o w n   o f   P o r t   H a r d y   i s  

served  by a t r u n k  sewer on the  Hardy Bay Road - Ruper t   S t ree t   Ax i s  and a 

feeder  branch  network. Sewage i s   t r a n s p o r t e d   t o  a secondary  t reatment 

p l a n t   l o c a t e d  on t h e   s o u t h   s i d e   o f   t h e   T s u l q u a t e   R i v e r ,   a t   i t s  mouth. 

The t r e a t e d  sewaye i s  d ischarged  through a 30 cm 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 m f rom  shore i n  6.1 m o f   wa te r   be low  ze ro   t i de .  The 

p l a n t  became f u l l y   o p e r a t i o n a l   i n  1972  and i s  des i yned   to   se rve  a 

p o p u l   a t i o n   o f  5000 w i t h   p r o v i s i o n   t o  expand t h e   p l a n t   t o   s e r v e  a 
p o p u l a t i o n   o f  10 000. Sewage i n   p o r t i o n s   o f   t h e  Beaver  Harbour  area i s  

c o l l e c t e d   b y   g r a v i t y   o r   i s  pumped v i a  a f o r c e   m a i n   t o  a secondary 

t r e a t m e n t   p l a n t  on A i r p o r t  Road. Sewaye i s  d ischarged  through an o u t f a l l  

1 oca ted   no r thwes t   o f   t he   a i rpo r t .   Th i s   sys tem became o p e r a t i o n a l   i n  1977 
r e s u l t i n g   i n   t h e   c e s s a t i o n   o f   t h e  69 m3/day  sewage d ischarge  f rom  the  

G.M.G. Logg ing   T ra i l e r   Pa rk   t o   Beaver   Harbour .   Recogn iz ing   t ha t   t hese  

changes t o   t h e  sewage c o l l e c t i o n  and t rea tment   sys tems  cou ld   e f fec t  an 
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improvement i n  she1 1 f ish growing water qual i t y ,  the Environmental 
Protection  Service conducted a  bacteriological and san i t a ry  survey of the 
shel l f ish growing waters of Hardy Bay and Beaver Harbour, from November 
20 t o  December 8, 1978. The purposes o f  the  survey were to: 

1. re-assess  the Schedule 1 closure  areas  following 
ins ta l la t ion  of new sewage treatment  facil i t ies.  

2. evaluate  the  operational  efficiency of the two 
sewage treatment sys terns. 

3. conduct a comprehensive sanitary survey of Hardy 
Bay and Beaver Harbour. 
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2 SAMPLE STATION  LOCATIONS 

Mar ine   sample   s ta t ions   were   loca ted   in   she l l f i sh   g rowing   a reas  

where i d e n t i f i e d   o r   s u s p e c t e d   b a c t e r i  a1 pol  1 u t i o n   s o u r c e s  were  observed. 

The major   sampl ing  areas  were  the  Quatse  River   estuary,   the  Tsulquate 
R ive r   es tua ry  and the   t i da l   f o reshore   o f   Beaver   Harbour .  

Freshwater   sample  s ta t ions  were  estab l ished on the   ma jo r  

r i ve rs ,   s t reams  and d ra inage   cu l ve r t s   wh ich   wou ld  be a n t i c i p a t e d   t o  have 

a p o t e n t i a l   i n f l u e n c e  on t h e  she1 1 f i sh   g row i   ng   wa te rs .  

I n f l u e n t  and e f f l u e n t  sampl es  were  taken  a t   the  two sewage 

t rea tmen t   p lan ts   t o   assess   e f f l uen t   qua l  i t y  and p o t e n t i a l   i m p a c t  on 

s he1 1 f i sh growing  waters.  

Sediment and groundwater   samples  were  co l lected  for  
b a c t e r i o l o g i c a l   a n a l y s i s  a t  s e l e c t e d   f o r e s h o r e   l o c a t i o n s   i n  an a t t e m p t   t o  
de te rm ine   t he   p resence   o f   sep t i c   t ank  seepage. 

Sample s t a t i o n   l o c a t i o n s   a r e  shown i n   F i g u r e  2 and a d e t a i l e d  

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

presented i n  Appendices I and I 1  r e s p e c t i v e l y .  

(I 
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3  FIELD PROCEDURES AND METHODS 

3.1 Bacter io log ica l   Sampl ing  and  Analyses 
All marine  water  samples  for   bacter io logical   analyses  were 

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

below  the  water  surface. The w a t e r   d e p t h   a t   c o l l e c t i o n   p o i n t s   o v e r  
s h e l l f i s h  beds d i d   n o t   e x c e e d  two  meters.  Samples  were c o l l e c t e d  by boat  

o r  on f o o t .  The samples  were  stored i n   c o o l e r s   a t   t e m p e r a t u r e s   n o t  

exceeding 10°C un t i l   p rocessed .   Ana lyses   were   ca r r i ed   ou t   w i th in   t h ree  

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

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 ,   l o c a t e d   i n   P o r t  Hardy. 

The feca l   co l   i f o rm  mos t   p robab le  number (MPN 1 pe r  100 ml was 

d e t e r m i n e d   u s i n g   t h e   m u l t i p l e   t u b e   f e r m e n t a t i o n   t e c h n i q u e   ( a t   l e a s t   t h r e e  
d e c i m a l   d i l u t i o n s  o f  f i v e   t u b e s   e a c h )  as d e s c r i b e d   i n   P a r t  407C o f   t h e  

1 4 t h   e d i t i o n   o f   S t a n d a r d   M e t h o d s   f o r   t h e   E x a m i n a t i o n   o f   W a t e r   a n d  
Wastewater (4). The c u l t u r e  medium  used was the  A-1  medium,  as descr ibed 

by  Andrews  and P r e s n e l l  (5 1. T h i s  medium  and the  method  descr ibed  bel  ow 
were  accepted  by  the  Canadian  government as the  method o f   c h o i c e   f o r   t h e  

e n u m e r a t i o n   o f   f e c a l   c o l i f o r m s   i n   s h e l l f i s h   g r o w i n g   w a t e r s ,   i n   A p r i l  
1977. An e v a l u a t i o n   o f   t h e  A - 1  medium i n   t h e   P a c i f i c   R e g i o n  has  been 

done  by  Kay (6) and the  reader  i s   r e f e r r e d   t o   t h i s   p a p e r   f o r   f u r t h e r  

i nformat ion .  

The "mod i f i ed  A-1 "  t e c h n i q u e   i n v o l v e s   t h e   i n o c u l a t i o n   o f  a 

s e r i e s   o f   d i l u t i o n s   i n   a c c o r d a n c e   w i t h   t h e  mu1 t i p l e   t u b e   f e r m e n t a t i o n  

technique. Ten m i l l i l i t e r  volumes o f  sample  water   were  inoculated  in to  

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

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

tubes  were  incubated a t  35 - + 0.5"C i n   a i r   i n c u b a t o r s   f o r   t h r e e   h o u r s  and 

t h e n   t r a n s f e r r e d   t o  a w a t e r   b a t h   a t  44.5 - + 0.2"C and  incubated   fo r  a 

f u r t h e r  21 h o u r s   f o r  a t o t a l   o f  24 - + 2 hours. All gass ing   tubes   w i th  

g rowth   were   cons idered  to   be   feca l   co l   i fo rm  pos i t i ve .  The most  probable 

number f o r  each  sample was then  determined  accord ing  to   the manner 

d e s c r i b e d   i n   S t a n d a r d  Methods. 

A1 1 f reshwater  samples  were  col l   ected i n   s t e r i l e  wide-mouth 
g l a s s   b o t t l e s  and  were t e s t e d   f o r   t o t a l   c o l i f o r m ,   f e c a l   c o l i f o r m ,  and 
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f e c a l   s t r e p t o c o c c i ,   u s i n g   t h e  membrane f i l t r a t i o n  (MF) method  described 

i n  P a r t  909 o f   t h e   1 4 t h   e d i t i o n   o f   S t a n d a r d  Elethods.  Media  used  were 

m-endo LES, m-FC, and KF s t rep tococcus   agars   ob ta ined  f rom  D i fco  

Labora to r ies ,   De t ro i t ,   M ich igan ,  USA, f o r   t h e   t o t a l   c o l i f o r m ,   f e c a l  
c o l   i f o r m ,  and f e c a l   s t r e p t o c o c c u s   t e s t s   r e s p e c t i v e l y .  The membrane 
f i l t e r s  used  were M i l l i p o r e  HC, ob ta ined   f ro rn   M i l l i po re   L im i ted ,  

Mississauga,  Ontar io.  

3.2 Phys ica l  and  Chemical  Test  iny  Equi pment and  Analyses 

Temperature  measurements on marine and freshwater  samples  were 

made u s i n g  an  immers ib le   Celc ius  thermometer   wi th  an a c c u r a c y   o f  - +O. 5OC. 

S a l i n i t y  measurements  were made on a1 1 marine  samples  using an American 

Op t i ca l   re f rac tomete r   (Ca ta logue  No. 10413)  which has a r e s o l u t i o n   t o   t h e  

neares t  0.5 par t   per   thousand.  Wind speeds  and d i r e c t i o n  were  determined 

w i t h  a T e l c o r   s e r i e s  210 e l e c t r o n i c   w i n d   s p e e d / d i r e c t i o n   i n d i c a t o r .   T i d e  

data  used was t h a t   f o r   P o r t  Hardy  (F igure 3 )  and r a i n f a l l   d a t a  was 
o b t a i n e d   f r o m   t h e   P o r t   H a r d y   A i r p o r t   ( F i g u r e  4). Wind d i r e c t i o n   d a t a   i s  

shown i n   F i g u r e  5. 
A1 1 samples f o r   c h e m i c a l   a n a l y s i s  were s u b m i t t e d   t o   t h e  

Env i ronmen ta l   P ro tec t i on   Se rv i ce /F i she r ies  and Mar ine   Serv ice   Chemis t ry  

Laboratory,  Cypress  Creek, West Vancouver,  and  analyzed  according t o  t h e  

m o s t   r e c e n t   e d i t i o n   o f   t h e  EPS/FMS Laboratory  Manual (7) .  
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RESULTS AND DISCUSSION 

U 

Canadian shel 1 f i st1 growing waters  are  classified  according t o  
the  following  criterion. 

I n  order t h a t  an area can be considered  bacterio- 
1 ogical  ly  safe  for  the  harvesting of shel 1 f ish,   the  
fecal  coliform median MPN of the water must not 
exceed 14 per 100 ml, and not more t h a n  10 percent 
of the samples ordinarily exceed an MPN of 43 per 
100 ml for  a 5 tube decimal di 1 uti on t e s t  in  those 
portions of the  area most probably exposed to  fecal 
contamination  during  the most unfavourabl e 
hydrographic and pollution  conditions*. 

Based on th i s   c r i te r ion ,  11 o f  the 58 marine sample stations 
were classi f ied as  contaminated. The major sources of contamination 
encountered  duri n y  the survey  included:  the  discharge of  sewage  frolu the 
treatment  plant  located on the  Tsulquate  R'iver;  storm  drainage  in  Stink 
Creek; boa t  discharges,  septic t ank  seepage and direct  sewage discharges 
from homes in  the  vicinity of the government  Inari na (Hardy Bay) ; sept ic  
t a n k  seepage from houses on the  Fort Rupert Indian  Reserve; and a direct 
discharge from the Highways Department workyard in Beaver Harbour. The 
discharge of  sewage  from the new airport  sewage treatment  plant  did not  
appreciably  impair  water  quality  in  the  vicinity of the  outfall .  Marine 
and freshwater sample station  bacteriological summaries are  presented i n  
Tables 1 and 2 respectively. 

Rainfall  during  the  survey  period  totalled 86.5 mm compared t o  
117.4 mm during  the same period  in  the  preceeding  year; however much of 
the recorded  precipitation in 1977 was in  the form  of snow (38.3 cm) . 
The total  rainfall  during November 1978 was 271.4 mm compared with an 
average  historical monthly rainfall  of  234.4 mm (8).  Thus the  rainfall 
d u r i n g  November 1978 was higher t h a n  average. However, t h i s  was due 

*This report  expresses  the 10 percent 1 imi t in  terms of a 90 percent i 1 e 
which  must not  exceed 43/100 ml. 
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TABLE 1 SUMMARY OF FECAL  COLIFORM MPN DATA FOR MARINE 
SAMPLE STATIONS 

No. o f  MPN p e r  100 nl 
S t a t i o n  Sampl es MPN Range Median  90  Percenti  1 e 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18  
19  
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 

a 

9 
9 
9 
9 
7 
6 
6 
6 
7 
8 
6 
8 
8 
4 
5 
5 
5 
4 
4 
6 
7 
7 
6 
5 
4 
5 
7 
5 

8 
5 
8 
8 
8 
5 
7 
6 
7 
6 
5 

a 

L2 - 33 

L2 - 23 
L2 - 180 

2 - 33 
L2 - 33 
L2 - 2 
L2 - 8 
11 - 79 
L2 - 49 
L2 - 8 
L2 - 33 
L2 - 49 
13 - 70 
8 - 70 

L2 - 33 
2 - 33 
2 - 17 

2 - 350 

L2 - 8 
L2 - 13 
L2 - 31 
L2 - 17 
L2 - 1 7  
L2 - 2 
L2 - 11 
L2 - 8 
L2 - 46 
L2 - 2 
L2 - 33 
L2 - 33 
L2 - 5 
L2 - 49 
L2 - 110 
L2 - 33 
L2 - 5 
L2 - 33 
L2 - 8 
L2 - 13 
L2 - 33 

2 - 49 

17 . 

13 
1 7  

7 
13 
L2 
L2 

3 
3 1  
14 
L2 
10.5 
23 
19.5 
11 
11 

2 
3 

L2 
7 
2 

L2 
L2 
L2 

L 2  
L2 
L2 

2 
9.5 
2 
6 
6.5 
2 
2 
5 
5 
2 

13 
14 

2.5 

31.2 
64.7 
23 
27.9 
21.8 
16.2 
L2 

8 
72.7 
36.2 
4.4 

33 
49 
50.8 
43.5 
28 
20 
11.8 

5.6 
11.8 
12.8 
6.5 

2 
8.6 
5 

17.3 
L2 
20.2 
17 
3.5 

49 
85.2 
17.8 

5 
19 
6.2 

11.6 
33 
33 

a 

Ln 

I B  

w 

b 
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TABLE 1 SUMMARY OF FECAL  COLIFORM MPN DATA FOR MARINE 
SAMPLE STATIONS (Cont inued) 

No. o f  MPN p e r  100 m l  
S t a t i o n  Samples MPN Range Median 90 P e r c e n t i  1 e 

4 1  
42 
43 
44 
45 
46 
47 
40 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 

5 
6 
6 
5 
6 
5 
5 
5 
4 
5 
5 
5 
5 
4 
4 
4 
4 
4 

L2 - 4 
2 - 130 
L2 - 350 
L2 - 79 
L2 - 110 
L2 - 2 
L2 - 8 
L2 - 2 
L2 - 2 
L2 - 2 
L2 - 8 
L2 - 2 
L2 - 5 
L2 - 22 
L2 - 4 
L2 - 11 
L2 - 5 
L2 - 23 

L2 
13.5 
17.5 
49 

3.5 
L2 
L2 
L2 
L2 
L2 
L2 
L2 
L2 

3.5 
L2 

2 
2 

L2 

2 
71.8 

153.8 
64 
48.2 
L2 

6 
L2 

2 
L2  

5 
L2 

3.5 
16 
3.2 
7.4 
3.8 

14.6 

L = ''less than"  
G = ' 'g reater   than"  
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li 

p r i m a r i l y   t o  an e x t r e m e l y   h e a v y   r a i n f a l l   o f  80.5 I 

November 6, w e l l   b e f o r e   t h e   s t a r t   o f   t h i s   s t u d y .  

e red   du r ing   ou r   su rvey   pe r iod   cou ld   t he re fo re  be 

Sewage con tamina t ion   o f   t he   mar ine   env i  

study  area  coul  d n o t  be d i r e c t l y   c o r r e l   a t e d   w i t h  

mn which  occurred  on 

The prec i p i   t a t  i on  encoun t - 
considered  near  normal. 

ronment  encountered i n   t h e  

e i t h e r   p r e c i p i t a t i o n   o r  
s a l   i n i  ty . changes  from  freshwater  sources ( u s i n g  mu1 ti p l  e 1 i n e a r   r e g r e s s i o n  

a n a l y s i s ) ,  one e x c e p t i o n   b e i n g   t h e   m a r i n e   w a t e r   q u a l i t y   i n   t h e   v i c i n i t y   o f  
t he   Fo r t   Ruper t   I nd ian   Reserve .  However, t h e r e  was g e n e r a l l y  good c o r r e -  

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

Determinat ion  o f   the  source  and  impact   o f   feca l   contaminat ion i n  

the   f reshwater   sources  was a i d e d   b y   t h e   u s e   o f   f e c a l   c o l i f o r m  t o  f e c a l  

s t r e p t o c o c c i   r a t i o s  and popu la t i on   equ iva len ts .  Membrane f i l t r a t i o n   f e c a l  
s t reptococc i   analyses  were  per formed on a l l   f r e s h w a t e r  samples i n  an at tempt  

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

i npu ts .   Ge ld re i ch  and  Kenner ( 9 )  have   repo r ted   h ighe r   f eca l   s t rep tococc i  

( F S )   t h a n   f e c a l   c o l i f o r m   ( F C )   d e n s i t i e s   i n   a l l  warm-blooded  animal  feces 

e x c e p t   f o r  humans. The FC:FS r a t i o   i n  humans was 4.4, whereas i n   o t h e r  
warm-b looded  an ima ls   the   ra t io  was less   t han  0.7. The FC:FS r a t i o s  were 

c a l c u l a t e d   u s i n g  mean f r e s h w a t e r   r e s u l t s  and a r e  shown i n  Table 2. 

The c o n c e p t   o f   p o p u l   a t i o n   e q u i v a l e n t s  was used t o  compare t h e  
t h e o r e t i c a l   r e l a t i v e   r e c e i v i n g   w a t e r   i m p a c t s  o f  the   var ious   f reshwater  
i n p u t s .  The p o p u l a t i o n   e q u i v a l e n t  o f  a source o f  f eca l   con tamina t ion  was 

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

c o n t r i b u t i o n   t o  a sewer  system. An average  person  discharges 1.6 x 1011 

t o t a l   c o l i f o r m s / d a y  and   t he   f eca l   co l i f o rm  concen t ra t i on   i n   domes t i c  sewage 

has been e s t i m a t e d   a t  20% o f   t h e   t o t a l   c o n c e n t r a t i o n  (10). T h i s   y i e l d s  a 

v a l u e   o f  3.2  x 1O1O feca l   co l   i fo rms/person/day .  The equa t ion   used   f o r  

c a l c u l a t i n g   p o p u l a t i o n   e q u i v a l e n t s  was: 
P o p u l a t i o n   E q u i v a l e n t s  = F e c a l   c o l i f o r m   d i s c h a r g e d   p e r  day 

Fecal   co l   i forms/person/day 
= F low x f e c a l   c o l i f o r m   c o n c e n t r a t i o n  

3.2 x 1010 

The r e s u l  t s  o f   t h e s e   c a l c u l a t i o n s   a r e  shown i n  Table 3 and will be 

d iscussed i n  subsequent  sections. 
I 
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4.1  Hardy Bay 
Twenty-four  marine  and  13  freshwater  sample  stat ions  were 

e s t a b l   i s h e d   i n   H a r d y  Bay t o  assess  the she1 1 f i sh   g row ing   wa te r  and 

sou rce (s )   o f   con tamina t ion .  Seven mar ine   sample   s ta t ions   d id   no t  meet 

accep tab le   she l l f i sh   g row ing   wa te r   s tandards .  

4.1.1 Quatse   R iver   Es tuary .   Mar ine   sample   s ta t ions  1, 2, and 3 

l o c a t e d   a t   t h e  head o f  Hardy Bay near   t he   Qua tse   R ive r   es tua ry ,   a l l  

exceeded  the  shel l   f ish  growing  water   s tandard.  
Numerous freshwater  inputs  were  sampled (S8 t o  S13)  however 

none e x h i b i t e d   e x c e p t i o n a l l y   h i g h   b a c t e r i a l   l e v e l s .  
O f  t h e   f r e s h w a t e r   i n p u t s   t o   t h e   Q u a t s e   e s t u a r y   a r e a   o n l y  S11 

e x h i b i t e d  a FC:FS r a t i o   o f   g r e a t e r   t h a n  4.4. T h i s  may n o t  be s i g n i f i c a n t  

due t o   t h e   l o w   f e c a l   c o l   i f o r m   ( 3 6   c o u n t s / 1 0 0  m l  ) and f e c a l   s t r e p t o c o c c i  

( l e s s   t h a n  3.3 c o u n t s / 1 0 0   m l )   l e v e l s   n o t e d   a t   t h i s   s t a t i o n .  However, 

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

area.   V iew  Construct ion Company operates a temporary camp j u s t   n o r t h   o f  

F o r e s t r y  Development Road. Repor ted ly  (11, 12)  , the   sep t i c   t ank   d ra inage  

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

l o w   l e v e l s   o f   C o n t a m i n a t i o n   n o t e d   a t  S11 i n d i c a t e   t h a t   l i t t l e   f e c a l  

p o l l u t i o n   r e a c h e s   t h i s   s t r e a m .  The camp  was t o  have  been  removed  by May 

1979. 
Based  upon t h e   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 s ,   t h e   o n l y  

s i g n i f i c a n t   s o u r c e   o f   f e c a l   p o l l u t i o n   t o   t h e   f o r e s h o r e   w a t e r s   i n   t h e  
v i c i n i t y   o f   t h e   Q u a t s e   e s t u a r y   i s   t h e   Q u a t s e   R i v e r   ( S 1 0 ) .   T h i s   s o u r c e  

c o n t r i b u t e d  62% o f   the   f reshwater   s t ream  contaminat ion   in   Hardy  Bay. The 

b a c t e r i a l   l o a d i n g   f r o m   t h i s   s a m p l e   s t a t i o n ,   h o w e v e r ,   i s   i n f l u e n c e d  more 
b y   t h e   h i g h   f l o w   t h a n   b y   h i g h   b a c t e r i a l   c o n c e n t r a t i o n s .   D u r i n g   t h i s  
survey   the   Quatse   R iver   exh ib i ted  a mean f e c a l   c o l   i f o r m  1 eve1 o f  17.6/100 
m l .  Mon i to r i ng   da ta   ob ta ined  by t h e   P o l l u t i o n   C o n t r o l   B r a n c h   o v e r   t h e  

l a s t   f i v e   y e a r s   i n d i c a t e   t h a t   t h e   l e v e l  was somewhat h igher ,   hav ing  a 
mean f e c a l   c o l i f o r m  MPN o f  102.4/100 m l  over  14  samples. 

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

t h i s   a r e a   i n c l u d e d :  
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a )   F l o a t  homes. A t o t a l   o f  12 o c c u p i e d   f l o a t  homes were 

l oca ted   on   t he   eas t   s ide   o f   Ha rdy  Bay f rom S 1 1  t o  S13 ( F i g u r e  2) .  It i s  

known t h a t  some o f   t h e   r e s i d e n t s   u t i l i z e   o n - s h o r e   p i t   p r i v i e s  and o t h e r  

approved sewage disposal  methods,  but, some do n o t  (11, 12, 13). 
b)   Anderson 's   mar ina:  A t  t he   t ime   o f   ou r   s tudy ,   t he re   were  

t h r e e  1 ive-aboard  vessel  s i n   t h e  marina. I n   t h e  summer, up t o  200 

1 ive-aboards may be  docked  (13). A t o i l   e t  on a f l  o a t   a t   t h e   m a r i n a  

appears to   d i scha rge   raw  sewage d i r e c t l y .  
c )  Raw sewage o r   sep t i c   t ank   d i scha rges :  Seven p ipes  which 

ex tended  f rom  land  to   the   fo reshore  were  observed i n   t h e   a r e a   o f   t h e   b o a t  

bas in.  O f  these,  two  were  confirmed  as  raw sewage o r   s e p t i c   t a n k  

d i scha rge   (g rea te r   t han  80 000 FC/100 m l  and sept ic   waste  accumulat ions) ,  

two  were  suspected  discharges  and  three  were  indeterminate.  Marine 
sampl es  taken i n   t h e   b o a t   b a s i n   r a n g e d   f r o m   f e c a l   c o l   i f o r m  MPN ' s o f  

49/100 m l  t o  1600/100 m l  , w i t h  a decreas ing  po l  1 u t i o n   g r a d i e n t   t o w a r d s  

the   boat   bas in   en t rance.  
d)   Seafood  Products   L td.   F ish  Process ing  P lant .   Accord ing  to  

t h e  PCB p e r m i t   i s s u e d   f o r   t h i s   f a c i l  i t y  t h e r e   a r e  two  wastewater 
discharges.  These  include: 

1) an a v e r a g e   o f  240  m3/day ( 5 2  000 IGPD) o f   coa rse  
and f i n e   s c r e e n e d   f i s h   p r o c e s s i n g   e f f l u e n t ,   b a r o m e t r i c  

l e g  and  sc rubber   water ,   and  re f r igera t ion   coo l ing   water ,  
d ischarged  through a 8.6 meter deep ( f r o m   z e r o   t i d e )  

o u t f a l l  ; and, 
2 )  an a v e r a g e   o f  4.5 m3/day (1000 IGPD) o f   s e p t i c  

tank   t rea ted   domest ic  sewage, d ischarged  through a 

5.6 meter deep o u t f a l l .  

An i n s p e c t i o n   o f   t h e   p l   a n t   r e v e a l  ed f o u r   p r o c e s s   e f f  1 uent   d ischarges  
th rough   separa te   ou t fa l l s ,  a sept ic   tank   t rea ted   domest ic   was tewater  

discharge,  and  two  discharges o f  raw sewage. 

e)   Rober t   Scot t   E lementary  School .  A t  t h e   t i m e   o f   t h i s   s t u d y ,  

sep t i c   t ank   t rea ted   domes t i c   was tewa te r   f rom  th i s   schoo l  and  about   s ix  

homes i n  a teachers '   res idence was d i scha rged   a t   t he   mou th   o f   T rus tee  

Creek. A t  t he   comp le t i on   o f   t h i s   su rvey ,   t he   sep t i c   t ank   had  been 

removed  and  the f a c i l i t y   c o n n e c t e d   t o   t h e   D i s t r i c t   o f   P o r t   H a r d y ' s  

sewerage  system. 
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4.1.2 Port   Hardy  Townsi te - Tsulquate  Estuary.   Marine  sample 

s ta t i ons   8 -20  and f reshwater   sample  s ta t ions S1-S7 were   es tab l i shed  a long 

the   f o reshore   o f   t he   t owns i te .   Mar ine   samp le   s ta t i ons  9, 13,  14  and 15 
a l l  exceeded t h e   s h e l l f i s h   g r o w i n g   w a t e r   s t a n d a r d  and s t a t i o n s  10, 12  and 
1 6   e x h i b i t e d   b o r d e r 1   i n 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 .  

The m a j o r   f r e s h w a t e r   i n p u t   ( i n   t e r m s   o f   p o p u l a t i o n   e q u i v a l e n t s )  

was t h e   T s u l q u a t e   R i v e r  (S2) however  once  again t h i s  was due t o   i t s  
r e l a t i v e l y   l a r g e   f l o w   r a t h e r   t h a n   t o   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  (mean 

FC 1 eve1 o f  7.3/100 m l  ) . 
Loca l i zed   con tamina t ion   o f   t he   rece iv ing   wa te rs   occu r red   a t  

mar ine   sample   s ta t ions  9 and 10  as a r e s u l t   o f   d i s c h a r g e s   f r o m   S t i n k  
Creek  (S7)  and a s t o r m   c u l v e r t   a t   C e n t r a l   S t r e e t  ( S 6 ) .  The FC:FS r a t i o s  

a t   b o t h   s t a t i o n s  were  indeterminate.   Stat ion S6 was t h e  most  contami- 

n a t e d   o f   t h e   t w o   w i t h   t h e   h i g h e s t   f e c a l   c o l i f o r m   l e v e l   ( 1 0 0 0 / 1 0 0  r n l )  

be ing   reco rded  on December 3 d u r i n g  23.2 mm o f   r a i n f a l l .   T h i s   s u g g e s t s  

the   con tamina t ion   obse rved   resu l t s   f rom  u rban   runo f f .  

4.1.2.1 D i s t r i c t   o f   P o r t  Hardy  Tsulquate sewage t rea tmen t   p lan t .  The 

towns i te   a rea   ex tend ing  as f a r  south as Trustee  Creek i s   s e r v i c e d  by   the  

Tsul   quate sewage t r e a t m e n t   p l a n t ,   w h i c h   i s   l o c a t e d   a t   t h e   m o u t h   o f   t h e  

T s u l q u a t e   R i v e r .   T h i s   i s  a secondary  type sewage treatment  system  which 

f e a t u r e s   c o m m i n u t i o n ,   a e r a t i o n ,   c l a r i f i c a t i o n ,  and c h l o r i n a t i o n .  Wasted 
s l u d g e   f r o m   t h e   a e r a t i o n   t a n k   i s   s t a b i l i z e d   i n  an aerob ic   d iges tor .  
T r e a t e d   e f f l u e n t  is  discharged  through an o u t f a l l   t e r m i n a t i n g  500 meters 

f r o m   s h o r e   i n  6.4 m o f   water   (be low  average  low  water ) .  A more d e t a i l e d  

d e s c r i p t i o n   o f   t h e  sewage t rea tmen t   p lan t  and t h e   r e s u l t s   o f  an 

operat ional   assessment   are  presented  in   Appendix  VI. 

2.0 x l o 6  FC/100 ml. The t rea tmen t   sys tem,   i nc lud ing   ch lo r i na t i on ,  
e f f e c t e d   a l m o s t  a f o u r   l o g   r e d u c t i o n   i n   t h e   f e c a l   c o l i f o r m   l e v e l s  

p roduc ing  an average f i  n a l   e f f l u e n t   c o u n t   o f  1350 FC/lOO nil. (Pol  1 u t i o n  

Con t ro l   B ranch   mon i to r i ng   da ta   co l l ec ted   s ince  1972, i n d i c a t e s   t h e   f i n a l  

e f f l u e n t  has a mean f e c a l   c o l i f o r m  MPN o f  1534.9/100 m l  over  seven 

samples.) However, t h e   f i n a l   e f f l u e n t   c o u n t s  were s l i g h t l y   v a r i a b l e ,  

The Tsul   quate STP raw sewage i n f l u e n t   f e c a l   c o l   i f o r m   c o u n t  was 
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rang ing   f rom 1 ess  than  19  to 11 000 FC/100 m l  . The h i g h e r   b a c t e r i a l  

concen t ra t i ons   were   no ted   du r ing   t he   bypass   o f  r a w  sewage and t h e  
c a r r y - o v e r   o f   b i o l o g i c a l   s o l   i d s   f r o m   t h e   c l a r i f i e r .  

The bypass o f  raw sewage r e s u l t e d   f r o m   h i g h   i n f l u e n t   f l o w s   t o  

t h e  STP. These h igh   f l ows   occu r red  when the   Por t   Hardy  swimming pool ' s  

f i l t e r s  were  backwashed  and when h i g h   p r e c i p i t a t i o n  caused  excessive 

i n f l o w / i n f i l   t r a t i o n   i n t o   t h e  sewage c o l l e c t i o n  system. 

On severa l   occas ions   bu l   k ing  sl udge was noted i n   t h e   c l a r i f i e r  
r e s u l t i n g   i n   s i g n i f i c a n t  suspended s o l i d   c o n c e n t r a t i o n s   i n   t h e   f i n a l  

e f f luen t   (see   Append ix  VI f o r  a more d e t a i l e d   d i s c u s s i o n   o f   t h i s  

p r o b l e m ) .   F e c a l   b a c t e r i a   a s s o c i a t e d   w i t h   t h e s e   s o l   i d s   a r e   r e l a t i v e l y  

r e s i s t a n t   t o   d i s i n f e c t i o n .  

F loa t   s tud ies   conduc ted   du r ing   t he   Augus t   1971   she l l f i sh   su rvey  
o f  Hardy Bay, i n d i c a t e d   t h a t   t h e  sewage plume from the  Tsulquate STP 

d i s c h a r g e   w o u l d   l i k e l y  move towards   shore   dur ing  a r i s i n g   t i d e   ( 2 ) .   T h i s  

i n f o r m a t i o n ,   t h e   a p p a r e n t   i n a b i l i t y   o f   t h e   p r e s e n t   t r e a t m e n t   s y s t e m   t o  
cons is ten t l y   p roduce  a h i g h   q u a l i t y   e f f l u e n t  and the  absence o f  o t h e r  

i d e n t i f i e d   p o l  1 u t ion   sources ,   suggests   tha t   the   unacceptab le  she1 1 f i s h  

growing  water  qual  i t y  no ted   a t   mar ine   samp le   s ta t i ons  13, 14, and 15 

probab ly  i s  due t o   t h e  sewage d ischarge  f rom  the   Tsu lquate  STP. 

A dye t r a c e r   s t u d y  was conducted a t   t h i s   p l a n t   t o   b e t t e r  assess 
t h e   d i s p e r s i o n  and d i l u t i o n   c h a r a c t e r i s t i c s   o f   t h e   e f f l u e n t  plume. The 

r e s u l t s   o f   t h i s   s t u d y   a r e   p r e s e n t e d   i n   A p p e n d i x  VII. 

Based  on t h e   b a c t e r i o l o g i c a l   d a t a ,   w a t e r   q u a l i t y   a t   m a r i n e  

sample   s ta t ions  17,  18, and  19 was n o t   a f f e c t e d   b y   t h e   d i s c h a r g e   o f  

sewage dur ing   the   survey   per iod .  

4.1.2.2 Por t   Hardy  sewage pump s ta t i ons .   The re   a re   s i x  sewage pump 
s t a t i o n s   i n   t h e   D i s t r i c t   o f   P o r t   H a r d y ' s   T s u l q u a t e  STP system. The 

c h a r a c t e r i s t i c s   o f   t h e   s t a t i o n s   a r e  shown i n  Table 4. O f  these,   four  

have  alarm  systems t o  warn  of pump f a i l u r e .  A1 1 are  on 1 i n e   v o l t a g e  and, 

t h e r e f o r e ,   w o u l d   n o t   b e   e f f e c t i v e   i n   t h e   e v e n t   o f  a power  outage. 

I n   t h e   e v e n t   o f  an over f low,  sewage would  reach  the  foreshore 

d i r e c t l y   f r o m   t h e   C e n t r a l   S t r e e t ,  Seagate,  and Trustee  Creek pump 
s t a t i o n s .  No over f l ows   occu r red   du r ing   t h i s   su rvey .  
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4.1.3 B.C. Fe r ry   Corpo ra t i on  - Bear Cove. The new t e r m i n a l   f o r   t h e  

B.C. F e r r y   P r i n c e   R u p e r t   r u n  wi 11 be moved from  Kel  sey Bay t o  Bear Cove. 

Sewage generated a t  t h e   t e r m i n a l  will be t r e a t e d   i n  a s e p t i c   t a n k  and 

d i s p o s e d   i n  an underyround t i l e   f i e l d  on s i t e .   Th i s   shou ld   no t  be a 

source o f  f eca l   po l  1 u t i  on t o   s h e l  1 f i  sh  yrowi  ng  waters.  Marine  sample 

s t a t i o n  6 l o c a t e d   i n   B e a r  Cove d i d   n o t   e x h i b i t   s i g n i f i c a n t   f e c a l   c o l i f o r m  
1 eve1 s. Marine  sample  stat ions  20-23  were  establ   ished  across  the 

ent rance  o f   Hardy Bay 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 rea tment  

p l a n t   d i s c h a r g e .   F e c a l   c o l   i f o r m   l e v e l  s were genera l l y   very   low a t  a1 1 

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

4.2 Beaver  Harbour 

Marine  salr lp le  stat ions  25-50  and  f reshwater  sample  stat ions S14 
t o  S20 were   es tab l i shed  in   Beaver   Harbour .   S ta t ions  32, 33, 42,  43, 44 

and 45 a1 1 exceeded the   she l   l f i sh   y row ing   wa te r   s tandards .  A1 1 o t h e r  

s t a t i o n s  were  acceptable  a l though  there was evidence o f  f e c a l  

c o n t a m i n a t i o n   a t   s t a t i o n s  27, 29  and 30. S t a t i o n s  34,  37, 41  and  46  were 

p o s i t i o n e d  a1 ony t h e  seaward  boundary o f   t h e   i n t e r t i d a l   a r e a  and a1 1 were 
w e l l   w i t h i n   a c c e p t a b l e   l i m i t s   s u g g e s t i n g   t h e   o b s e r v e d   c o n t a m i n a t i o n  

o r i g i n a t e d   a l o n g   t h e   s h o r e 1   i n e   o f   t h e   h a r b o u r  was no t   in t roduced  f rom  the  

A i r p o r t  sewage t rea tment   p l   an t .  

W i t h   t h e   e x c e p t i o n   o f  S18, samples c o l l e c t e d   f r o m   f r e s h w a t e r  

i npu ts   t o   Beaver   Harbour   exh ib i t ed   l ow   feca l   co l i f o r rn   coun ts .   S ta t i on   18  

was l o c a t e d   i n  a dra inage  system  ad jacent   to   the  Depar tment   o f   H iyhways 

y a r d  a t  the  corner   o f   Beaver   Harbour  Road and t h e   F o r t   R u p e r t   I n d i a n  

Reserve Road. The d r a i n a g e   a t   t h i s   s t a t i o n  was contaminated  by a s e p t i c  

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

( g r e a t e r   t h a n  80 000 FC/100 m l ) .  The Department o f  Highways' t r a i l e r s ,  

houses,  and y a r d  were t o  be c o n n e c t e d   t o   t h e   D i s t r i c t   o f   P o r t   H a r d y ' s  

sewerage  system i n   e a r l y  1979  (15). 

The homes ad jacent   to   the   fo reshore   a long  Beaver   Harbour   f rom 

F o r t   R u p e r t   P a r k   n o r t h   ( S t o r e y ' s  Beach) a r e  unsewered. Sediment and 

groundwater  samples  (Sed  #3  and  #4, GW #3  and  #4 - Appendix I )  obta ined 

f r o m   t h e   b e a c h   i n   f r o n t  of  these homes d i d   n o t   r e v e a l   e v i d e n c e   o f   s e p t i c  
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tank  seepage.  However, g i v e n   t h e   p r o x i m i t y   o f   t h e s e  hornes t o   t h e  

f o r e s h o r e ,   p a r t   i c u l   a r l y  i n t h e   n o r t h e r n   s e c t i o n  , and the   coarse-gra i  ned 
s o i l   i n   t h e  area; t h e r e   i s  a p o s s i b i l i t y   t h a t   t h e   c o n t a m i n a t i o n   n o t e d   a t  

mar ine  sample  s ta t ions 32 and 33 way have  been  due, a t   l e a s t   i n   p a r t ,   t o  
subsur face   sep t i c  seepage contanl inat iny  the  groundwater.  

The For t   Ruper t   Ind ian   Reserve  i s  unsewered. Sept ic   tank  

seepage was noted a t  one home on the  lower  beach  road and a groundwater 

sample (GW #1)   taken on t h e  beach e x h i b i t e d  a c o u n t   o f  460 MPN/100 m l  . 
G i v e n   t h i s   i d e n t i f i e d   c o n t a m i n a t i o n  and t h e   p o s s i b i l i t y   o f   o t h e r   s o u r c e s  

i n   t h i s  area,  subsurface  septic  seepage  contaminated  groundwater i s  

b e l   i e v e d   t o  be r e s p o n s i b l e   f o r   t h e   h i  ytl f e c a l   c o l   i f o r n   l e v e l  s no ted   a t  

mar ine  sample  s ta t ions 42, 43,  44,  and 45. M u l t i p l e   l i n e a r   r e g r e s s i o n  
a n a l y s i s   i n d i c a t e s   t h e   p o o r   w a t e r   q u a l i t y  a t  t h e s e   s t a t i o n s   i s   h i g h l y  

c o r r e l a t e d   w i t h   r a i n f a l l ,   s u g g e s t i  ng that   landwash  and/or   h igh  water  

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

study  conducted i n  1974  by t h e   P o l l u t i o n   C o n t r o l   B r a n c h   ( 1 6 )   i n d i c a t e d  
t h a t   t h e   m a j o r   s o u r c e s   o f   c o n t a i n i t l a t i o n  a t  t ha t   t ime   to   Beaver   Harbour  

were   the   s t rear i l   d ra in ing   the   t ra i le r   park   (S18)   and  the   s t ream  pass iny  

th rough  the   Ind ian   Reserve  (S20). The d i s c h a r g e   o f  sewage f ro ln   the  

G.M.G. L o g g i n g   t r a i l e r   p a r k   o u t f a l l  was n o t   i n l p l i c a t e d   i n   c a u s i n g   w a t e r  
q u a l i t y   d e t e r i o r a t i o n .   P r e v i o u s   i n v e s t i g a t i o n s   ( 1 7 )   r e v e a l e d   t h e   u p l a n d s  

a r e a   t o  be r e s p o n s i b l e   f o r   t h e   c o n t a m i n a t i o n   o b s e r v e d   i n   t h e   I n d i a n  
Reserve  Creek  due t o   f a u l t y   s e p t i c   t a n k   f a c i l i t i e s  a t  homes a long   t he  

a i r p o r t  road.  Since  that  study  the  uplands  area  has  been  sewered and t h e  
b a c t e r i o l o g i c a l   q u a l i t y   o f   t h e   c r e e k  has i m p r o v e d   s i g n i f i c a n t l y .  

The n a t u r e   o f  sewage d i s p e r s i o n  and d i l u t i o n   i n  Beaver  Harbour 

has  not  been  studied.  Therefore, it i s   d i f f i c u l t   t o   p r e d i c t   t h e  cause 

and e f f e c t   r e l a t i o n s h i p s   w h i c h  may e x i s t   i n   t h e  a r e a .   P r e l i m i n a r y   f l o a t  
s tud ies  conducted  by EPS i n  1971 ( 3 )  s u g g e s t e d   t h a t ,   d u r i n g   t h e   f l o o d  

t i d e ,  a counter-c lockwise  mot ion  occurred  in   Beaver   Harbour   which 'moved 

t h e   f l o a t s  shoreward.  Since  Beaver  Harbour i s   r e l a t i v e l y   p r o t e c t e d  from 

t h e  open  sea, i t  would be expec ted   t ha t  a slow  exchange of   water   would 

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

t h e   w a t e r  i n  the   harbour  was h i g h l y   c o l o u r e d  as a r e s u l t   o f   f r e s h w a t e r  

d ischarges   to   the   a rea ,   even a t  s t a t i o n s   w i t h   h i g h   s a l i n i t i e s .  
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4.3 Thomas P o i n t   t o  Fa1 se Head 

Mar ine  sample  s ta t ions 51-58 w e r e   e s t a b l i s h e d   a l o n g   t h i s  

s h o r e l i n e   t o  a s s e s s   t h e   i m p a c t   o f   t h e   a i r p o r t  sewage t rea tmen t   p lan t  

d ischarge and the   va r ious   f reshwa te r   i npu ts  (SZl-SZ8). A1 1 marine 

s t a t i o n s  were o f   a c c e p t a b l e   q u a l i t y   f o r   t h e   p u r p o s e s   o f  she1 1 f i s h  

h a r v e s t i n g  and  none o f   t h e   f r e s h w a t e r   i n p u t s  were s i g n i f i c a n t   s o u r c e s   o f  

contaminat ion.  The most ' ' s i g n i f i c a n t "   s o u r c e   o f   c o n t a m i n a t i o n   t o   t h e  

f o r e s h o r e  was t h e   A i r p o r t  sewage t reatment   p lant   d ischarge,   which 

a c c o u n t e d   f o r  57% o f   t h e   t o t a l  measured f e c a l   c o l i f o r m   i n p u t   t o   t h e  area. 

However,  even t h i s   s o u r c e  had a popu la t ion   equ i   Va l   en t   o f   on ly  2.1. 
The D i s t r i c t   o f   P o r t   H a r d y ' s   A i r p o r t  STP  was des igned   to  

serv ice  the  res idences  a long  Beaver   Harbour  and A i r p o r t  Roads, i n c l u d i n g  

t h e  homes and f a c i l i t i e s   a t   t h e   P o r t  Hardy  A i rpor t .  The t rea tmen t   p lan t  
i s  an extended  aerat ion  type  secondary  system  ut i  1 i z i  ng c o m i   n u t i o n ,  

a e r a t i o n ,  and c l a r i f i c a t i o n .  The f i n a l   e f f l u e n t   i s   d i s c h a r g e d   t h r o u g h  a 

650 m e t e r   o u t f a l l   t e r m i n a t i n g  19 meters  below  average  low  water. 

Repor ted ly  (18), t h e   P o r t   H a r d y   A i r p o r t  sewer  system i s   s u b j e c t   t o   s e v e r e  

i n f l o w / i n f i l t r a t i o n  s u c h   t h a t   t h e  STP a e r a t i o n   t a n k  and c l a r i f i e r  would 

be  "washed-out" i f  t h i s   s e c t i o n   o f   t h e  system  were  connected t o   t h e  

i n f l u e n t   o f   t h e  sewage t rea tment   p lan t .   For   th is   reason,   the   t runk  sewer 

f rorn  the  A i rpor t   system  bypasses  the STP, and i s  d i scha rged   w i th   t he  

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

t h e   a i r p o r t  STP and an opera t iona l   assessment   a re   inc luded  in   Append ix  

VI. 

The t r e a t m e n t   p l a n t   e f f e c t e d  a t w o   l o g   r e d u c t i o n   i n   t h 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 ,   p r o d u c i n g  a f i n a l   e f f l u e n t   c o u n t   o f  12 000 FC/100 
m l .  A n a l y s i s   u s i n g   t h e  Rawn Palmer  model f o r  sewage d i s p e r s i o n   i n d i c a t e s  

tha t   a t   ave rage   l ow   wa te r ,   t he  sewage wou ld   rece ive  an i n i t i a l   d i l u t i o n  

o f  516 w h i l e   r i s i n g   t o   t h e   s u r f a c e .   T h i s   w o u l d   r e s u l t   i n  a 23  FC/100 m l  

c o u n t .   F u r t h e r   d i l u t i o n   w o u l d   o c c u r  as t h e  sewage plume moved i n  

response t o  wind,   current ,  and t i d a l   f o r c e s .  It i s   h i g h l y   u n l i k e l y ,  

t h e r e f o r e ,   t h a t   t h i s   d i s c h a r g e  was r e s p o n s i b l e   f o r   t h e   f e c a l  contam- 

i n a t i o n   n o t e d   a t   m a r i n e   s t a t i o n s  42, 43,  44, and 45, some 2.5 km away 

f r o r n   t h e   o u t f a l l .   M o r e o v e r ,   t h e   w a t e r   q u a l i t y   a d j a c e n t   t o   t h e   o u t f a l l   a t  

m a r i n e   s t a t i o n s  51 t o  54, was a c c e p t a b l e   f o r   s h e l l f i s h   h a r v e s t i n g .  
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No decision has been  made as t o  the  future o f  the homes on the 
Port Hardy Airport  property. I t  is   anticipated  that   a new sewage 
col 1 ection system w i  11 be constructed shoul d these homes remain i n  use. 
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APPENDIX I MARINE  SAMPLE STATION LOCATION DESCRIPTIONS 

Sampl e L a t i   t u d e   L o n g i t u d e   D e s c r i p t i o n  
S t a t i o n   ( N o r t h  ) (West) 

1 

2 

3 

4 

5 
6 
7 

8 

9 
10 

11 

12 

13 
14 
15 

16 

17 
18 

19 
20 

21  

50'42.6' 

50'42.8' 

50'42.95 ' 

50'43. 1 ' 
50'43. 25 ' 
50O43.4' 
50 '44.00 ' 

50O43.4' 

50'43.4' 
50'43.6' 

50'43. 75 ' 

50'43.  75 ' 

50 "43.85 ' 
50O43.85' 
50'43.9' 

50'43.85' 

50'44.00 ' 
50 '44.1 ' 

50'44.15' 
50'44.6' 

50'44.6' 

127'29.1 ' 

127O28.8' 

127'29.00' 

127'29.00' 

127'28.4' 
127'27.3' 
127'26.4 ' 

127'29.1' 

127'20.4' 
127 '29.4 ' 

127"28.85' 

127'29.45' 

127'29.4' 
127'29.6' 
127'29.5' 

127'26.65 ' 

127'26.7' 
127'29.6' 

127'29.65' 
127'29.8' 

127'28.4' 

O f f  s m a l l   f l o a t   a t  head o f  
n a v i g a b l e   p o r t i o n   o f  Hardy Bay 
i nner  harbour. 
A t  f l  oathouse  opposite  government 
docks a t   e a s t   s h o r e   o f   H a r d y  Bay 
inner   harbour .   Near  15 f t  dr. 
rock.  
Inner  harbour  mid-channel  between 
Esso f u e l   f l o a t  and p o i n t   o f   l a n d  
opposi te .  
L i g h t   a t   e n t r a n c e   t o   i n n e r  
harbour.  
Jensen Cove. 
Southernmost  covelet  i n  Bear Cove. 
head o f  unnamed cove  nor th  o f  Bear 
Cove on e a s t   s i d e   o f  Hardy Bay. 
A t  seaward  end o f  main  government 
dock. 
O f f  p u b l i c   l i b r a r y ,   P o r t  Hardy. 
O f f  mun ic ipa l  pump s t a t i o n ,   P o r t  
Hardy. 
O f f  o u t e r   h a r b o u r   l i g h t ,  Hardy 
Bay. 
O f f  p layground  near STP, Hardy 
Bay. 
O f f  Tsu lquate STP. 
Mouth o f  Tsul quate River. 
Opposi te   large  meta l   shed on 
Tsulquate I.R. on l i n e  between 
p o i n t   a t   n o r t h  end o f  I.R. bay and 
Tsu lquate   Po in t .  
O f f  wh i te  house w i t h   b l u e  trim on 
I .R. 
N o r t h   s i d e   o f  I.R. bay. 
oppos i te   car  dump on l i n e  between 
Tsu lqua te   Po in t  and t h e   p o i n t  
n o r t h   o f   s t a t i o n  19. 
Oppos i te   s t ream  nor th   o f  I.R. 
Scot ia  Bay o f f   b o a t  ways. 
Opposite  Hardy Bay from Daphne 
Po in t .  
On 1 i n e  between  Scotia Bay and 
Daphne P o i n t  where i n n e r  and o u t e r  
ha rbour   marke rs   l i ne  up. 
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APPENDIX I MARINE SAMPLE STATION  LOCATION DESCRIPTIONS (Cont. ) 

Sample L a t i t u d e  Longi tude 
S t a t i o n  (Nor th )  (West ) 

D e s c r i   p t i  on 

22 

23 
24 

25 

26 

27 

28 

29 
30 
3 1  
32 

33 

34 

35 

36 
37 

38 

39 
40 
4 1  

42 
43 

44 

45 

50'44. 6 ' 

50'44.6' 
50'46. 00 ' 

50'44.9' 

50'43.5 ' 

50°43. 05 ' 

50'42.95' 

50'42.85 ' 
50'42.65' 
50'42.55 ' 
50'42.45' 

50'42.25 ' 

50'42. 05 ' 

50'42.05' 

50'41.95 ' 
50'42. 00 ' 

50'41.8' 

50'41.75 ' 
50'41.8' 
50'42.00' 

50'41 .8' 
50'41.85 ' 

50'41 9 '  

50'41. 9 '  

127O28.45' 

127'27.3' 
127O28.9' 

127'24.85' 

127'24.95 ' 

127'25.35' 

127O24.7' 

127'25.35' 
127'25.35' 
127O24.4' 
127'25.35' 

127'25.35 ' 

127'25.2' 

127'24.8' 

127'25.00' 
127O24.55' 

127'25.00' 

127O24.4' 
127'24.3' 
127O24.4 ' 

127'24.2' 
127'24.1 ' 

127'23.8' 

127'23.5' 

On 1 i ne  betweerl S c o t i a  Bay and 
Daphne P o i n t  where ou ter   harbour  
1 i g h t  and  government  dock 1 i n e  up. 
300 m e t r e s   o f f  Daphne Po in t .  
O f f  f i sh ing   marker   boundary  on 
Po in t   sou th  of Duval  Point. 
Cove by Herald Rock, opposi te  Peel  
I s 1  and. 
S o u t h   p o r t i o n   o f   s m a l l   b a y   a t  
n o r t h e r n   e x t r e m i t y   o f   B e a v e r  
Harbour. 
O f f  rocks a t  edge o f   k e l p  bed near 
stream. 
On l i n e  between  Cormorant Rock  and 
western t i p  Pee l   I s l and   oppos i te  
channel   between  the  Cat t le  
Is lands .  
O f f  p o i n t   o f   l a n d   ( r o c k ) .  
O f f  new wood house. 
Northwest  corner of Shel 1 Is land.  
O f f  house w i t h   s l o p i n g   c e d a r  
s h i   n y l  e r o o f .  
O f f  o ld   ye1  low  house  wi th   green 
roo f   beh ind   t rees .  
Un 1 i n e   w i t h  Cormorant Rock  and 
Seven H i  1 I s   P e n i n s u l a  a t  
s h o r e l  i ne. 
500 m e t r e s   o f f   s t a t i o n  36 towards 
Shel 1 I s 1  and. 
Cl ump o f   t r e e s   o f f  Arena. 
Betweerl s t a t i o n  38 and S h e l l  
I s l a n d  500 rnetres  of fshore.  
Clump o f   t r e e s   o f f  Department of 
H i  ghways ' t r u c k   l o t .  
O f f  brown  house w i th   ye1   low trim. 
O f f  rock  west  of  cerrletery. 
Oppos i te   la rye   water   tower  a t  edge 
o f   t i d a l   f l a t s .  
O f f  green  house, 1 a s t  on west. 
O f f  d i l a p i d a t e d   w h i t e  house w i t h  
tw in   gab les .  
O f f  whi te  house i n   f i r s t   s m a l l  bay 
n o r t h   o f   m a i n   s e t t l e m e n t .  
O f f  r o c k y   p r o j e c t i o n   i n   f i r s t  bay 
n o r t h   o f   s t a t i o n  44. 
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APPENDIX I PIAKINE SAMPLE STATION LOCATION  DESCRIPTIONS (Cont.) 

Sampl e L a t  i t ude Longi tude 
S t a t i o n  ( N o r t h )  (West j 

D e s c r i   p t  i on 

46 
47 

48 

49 

50 

51 

52 

53 

54 

55 

56 
57 

58 

50'42.00 ' 
50'42.3 ' 

50'42. 2 ' 

50'42.4' 

50'42.1 ' 

50'41.75 ' 

50'41.7' 

50'41.5' 

50'41.3 ' 
50'40.8' 

50'40.8' 
50°40. 75 ' 

50'39.6' 

127'23.6' 
127O23.8' 

127'23.4' 

127'22.55' 

127O22.8' 

127O22.8' 

127'22.15' 

127'22.5' 

127'22.1' 

127'20.9' 

127'20.75 ' 
127'20.65 ' 

127'16.8' 

200 rrietres o f f  school house. 
On 1 i rle and nlidway  between Thornas 
P o i n t  and Shel 1 Is land.  
On 1 i n e  between Thornas P o i n t  and 
Shel 1 I s l a n d   o p p o s i t e   t w i n  houses. 
On 1 i ne  between Thornas P o i n t  and 
E a g l e   I s l a n d   t w o - t h i r d s   o f   t h e  way 
t o  Eagle  Is land.  
On 1 i ne  between Thomas P o i n t  and 
E a g l e   I s l a n d   o n e - t h i r d  of way t o  
Eag le   Is land.  
O f f  sinal 1 tw in   sp ruces   sou th   o f  
Thornas P o i n t .  
End of STP o u t f a l l  where Thomas 
P o i n t  1 i n e s  up w i t h   t h e  gap 
between  Shell  and C a t t l e   i s l a n d s .  
Near  roadway t o  beach, a t  any1  ed 
red   pos t .   S tee l   g ra te  a t  H.W.M. 
O f f  red  and whi te   checkerboard 
a i  r p o r t  shed. 
O f f  grey  house 100 metres 
no r thwes t   o f  Keogh R i v e r  mouth. 
A t  Keogh R i v e r  mouth. 
O f f  clump o f   a l d e r  100 meters 
s o u t h e a s t   o f  Keogh Ri v e r  mouth. 
O f f  f ish ing  boundary  marker  a t  
Fa1 se Head. 
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APPENDIX I 1  FRESHWATER  EFFLUENT AND SEDIMENT SAMPLE 
STATION LOCATION  DESCRIPTIONS 

S t a t i o n   D e s c r i p t i o n  

s1 
s2 
s3 
s 4  
s5 
S 6  
s7 
S 8  
s 9  
s 10 
s11 
s 12 
S13 

S 14 
S15 
S16 
S17 
S18 
s19 
s20 
s21 
s 22 
S23 
S24 
S25 
S26 
S27 
S28 
ST PT 
ST PA 
SED #1 
SED #2 
SED #3 
SED #4 
GW #1 
GW #2 
GW #3 
GW #4 

S c o t i a  Bay Marina  stream. 
Tsul   quate  River.  
s t r e a m   t r i b u t a r y   t o   T s u l   q u a t e   R i v e r .  
c u l v e r t   a t  Seaview  Drive. 
c u l v e r t   a b o u t  75 m s o u t h   o f  H-1. 
c u l v e r t   a t   C e n t r a l   S t r e e t .  
S t i n k  Creek. 
Trustee  Creek. 
G1 en1 i o n   R i v e r .  
Quatse  River .  
unnamed stream  about 1 km e a s t   o f  S10. 
unnamed stream  about  one-ha1 f km n o r t h   o f  S11. 
unnamed s t ream  on   eas t   s ide   o f   Hardy  Bay i n   l i n e   w i t h  channel 
marker  and  government  wharf. 
unnamed stream a t   m a r i n e   s t a t i o n  42. 
unnamed s t r e a m   a t  end o f  Beaver  Harbour Road. 
stream  about 1 km s o u t h   o f  S15. 
stream  about 200 me t res   no r th  o f  S18. 
stream  opposite  Dept. o f  Highways  yard. 
stream  about 100 me t res   sou th   o f  S18. 
s t ream  through  For t   Ruper t   Ind ian  Reserve.  
s t r e a m   a t   n o r t h  end o f  beach  raad. 
stream a t   r o a d   t o   w e a t h e r   s t a t i o n .  
c u l   v e r t   o p p o s i   t e   g l  i de s l  ope. 
c u l   v e r t   o p p o s i t e   C e i l  ometer. 
c u l v e r t   o p p o s i t e   a i r c r a f t  mock-up. 
cul v e r t   o p p o s i t e   a i r c r a f t   h a n g e r .  
stream 
Keogh R i v e r  . 
Tsulquate sewage t r e a t m e n t   p l a n t   f i n a l   e f f l u e n t .  
A i r p o r t  sewage t r e a t m e n t   p l a n t   f i n a l   e f f l u e n t .  
a t   m a r i n e   s t a t i o n  42. 
a t  m a r i n e   s t a t i o n  39. 
a t   m a r i n e   s t a t i o n  33. 
a t  m a r i n e   s t a t i o n  32. 
a t  SED # l .  
a t  SED #2. 
a t  SED #3. 
a t  SED #4. 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS 

Sampl e Collection Fecal Coliform 
S t a t i o n  Date T i  me MPN/100 m l  

1 Nov 23 
24 
26 
27 
28 
29 
30 

Dec 1 
2 

1600 
1105 
1112 
1515 
1325 
1115 
1200 
1620 
1515 

11 
23 

2 
33 
1 7  
31 

2 
23 
L2  ........................................................................ 

2 Nov 23 
24 
26 
27 
28 
29 
30 

Dec 1 
2 

1555  13 
1110 2 
1105  13 
1510  350 
1320 23 
1110 6 
1155 33 
1610  31 
1510 11 ........................................................................ 

3 Nov 23 
24 
26 
27 
28 
29 
30 

Dec 1 
2 

1545 
1115 
1100 
1505 
1315 
1105 
1155 
1606 
1505 

13 
L2 
23 
23 
17 
14 
11 
22 
23 ........................................................................ 

4 Nov 23 
24 
26 
27 
28 
29 
30 

Dec 1 
2 

1540 
1115 
1055 
1450 
1310 
1100 
1150 
1605 
1500 

L2 
L2 

5 
180 

5 
11 
11 

7 
8 ........................................................................ 

L = ' 'less t h a n "  
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e C o l l e c t i o n  Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 ml 

5 Nov 23 
24 
26 
27 
28 
29 
30 

1540 
1125 
1050 
1300 
1300 
1023 
1150 

7 
2 
2 

33 
13 
14 
1 7  ........................................................................ 

6 Nov 23 
24 
26 
27 
28 
29 

1525 
1135 
1045 
1425 
1240 
1005 

L2 
L2 
L2  

2 
33 

5 ........................................................................ 
7 Nov 23 

24 
26 
2 7  
28 
29 

1515 
1145 
1038 
1415 
1230 
0955 

L2 
L2 
L2 
L2  

2 
L2 ........................................................................ 

a Nov 23 
24 
26 
27 
28 
29 

1615 
1120 
1120 
1445 
1250 
1020 

L2 
4 

L2 
2 
8 
8 ........................................................................ 

9 Nov 24 
25 
26 
27 
29 

Dec 1 
3 

0840 
0945 
1010 
1330 
1205 
1520 
1630 

31 
11 
1 7  
79 
13 
33 
70 ........................................................................ 

I 

U 

Ir 

(I, 

" 

I 

Ict 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e 
S t a t i o n  

C o l l e c t i o n  
Date T i  me 

Fecal  Col i form 
MPN/100 m l  

10 Nov 24 
25 
26 
27 
29 

Dec 1 
3 
6 

084 5 
0940 
1010 
1345 
1210 
1525 
1645 
1035 

33 
11 
11 
17 
4 

49 
17 
L2 ........................................................................ 

11 Nov 23 
24 
26 
27 
28 
29 

1620 
1130 
1135 
1435 
1245 
1010 

L2 
L2 
L2 
8 
2 
2 ........................................................................ 

12 Nov 24 
25 
26 
27 
29 

Dec 1 
3 
6 

0850 
093 5 
1015 
1345 
1215 
1530 
1635 
1045 

33 
L2 

2 
17 
13 
33 
8 
5 ........................................................................ 

13 Nov 24 
25 
26 
27 
29 

Dec 1 
3 
6 

0855 
0930 
1020 
1355 
1220 

1640 
1100 

49 
9 

49 
46 
21 
23 
23 
L2 ........................................................................ 

14 Nov 24 
25 
26 
29 

1010 
0920 
1035 
1140 

22 
13 
70 
17 ........................................................................ 



- 39 - 

APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e C o l l e c t i o n  Feca l   Co l i f o rm 
S t a t i o n  Date I1 me FIPN/100 m l  

15 Nov 24 0955  70 
25 0905  9 
26 1025  17 
29 1430 11 

Dec 3  1650  8 

16 Nov 24 1000 33 
25 0915  L2 
26 1025 11 
29 1135 23 

Dec 3 1700 2 

17 Nov 24 1005 33 
25 091 5  2 
26 1030  2 
29 1130  2 

Dec 3  1705 7 

18 Nov 25 0925  2 
26 1035  4 
29 1125 1 7  

Dec 3 1715  2 

19 Nov 25 092  5  2 
26 1030  L2 
29 1125  8 

Dec 3 1710  L2 

20 Nov 23 1435  4 
24 1205  5 
26 1020  9 
27 1355  13 
28 1215 L2 
29 0930 11 

21 Nov 23 1440  2 
24 1200  L2 
26 1025  5 
27 1400  3 
28 1220  L2 
29 0935  5 
30 1140  L2 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE  STATIONS (Cont inued) 

1 
Sampl e C o l l e c t i o n  Fecal  Col i form 
S t a t i o n  Date TI me MPN/100 m l  

Q 

II 

I 

I 

m 

22 Nov 23 
24 
26 
27 
28 
29 
30 

1445 
1200 
1030 
1405 
122 5 
0 940 
1135 

L2 
L2 
17 
L2 

2 
L2 

2 ........................................................................ 
23 Nov 23 

24 
26 
27 
28 
29 

1455 
1150 
1032 
1410 
1230 
0950 

1 2  
L2 

2 
L2 
17 
L2 ........................................................................ 

24 Nov 23 1420  2 
25 1345  L2 
26 1015 L2  
27 1345  2 
29 1125  L2 ........................................................................ 

25 Nov 28 
30 

Dec 1 
2 

1155  L2 
0940 5 
1545  L2 
1150 11 ........................................................................ 

26 Nov 25 
28 
30 

Dec 1 
2 

1305 
1150 
0950 
1540 
1145 

2 
L2 

8 
L2 
L2 ........................................................................ 

27 Nov 28 
30 

Dec 1 
3 
4 
5 
6 

0950 
1220 
1350 
1330 
1340 
1555 
1620 

5 
46 
L2 

5 
L2 
L2 
L2 
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APPENDIX I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE  STATIONS (Cont inued) 

Sample C o l l e c t i o n  Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 m l  

28 Nov 25 
28  
30 

Dec 1 
2 

1255  L2 
1145  L2 
0955  L2 
1540  2 
1145  L2 ........................................................................ 

29 Nov 28 
30 

Dec 1 
2 
3 
4 
5 
6 

1000 
1215 
1355 
1410 
1335 
1405 
1605 
1620 

2 
5 
2 

33 
2 

17 
2 

L2 ........................................................................ 
30 Nov 28 

30 
Dec 1 

2 
3 
4 
5 
6 

1005 
1230 
1355 
1415 
1345 
1410 
1615 
1615 

33 
13 
4 
8 

13 
11 
L2 

2 ........................................................................ 
3 1  Nov 25 

28 
30 

Dec 1 
2 

1240  2 
1135  2 
1000 2 
1535  L2 
1140 5 ........................................................................ 

32 Nov 28 
30 

Dec 1 
2 
3 
4 
5 
6 

1010 
1235 
1400 
1420 
1350 
1420 
1620 
161 5 

8 
49 

5 
5 
2 
7 

49 
L2 

* 

........................................................................ 



I 
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w 

APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE  STATIONS (Cont inued) 

m 

m 

I 

a 

Sample C o l l e c t i o n  Fecal  Col i form 
S t a t i o n  Date TI me MPN/100 m l  

33 Nov 28 
30 

Dec 1 
2 
3 
4 
5 
6 

1020 
1240 
1400 
1300 
1400 
1430 
1625 
1610 

5 
8 

79 
23 
12 
12 

110 
4 .......................................................................... 

34 Nov 28 
30 

Dec 1 
2 
3 
4 
5 
6 

1030 
1245 
1400 
1305 
1405 
1455 
1630 
1610 

2 
14 
5 

33 
12 
12 
12 

2 ........................................... o o . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 Nov 30 
Dec 1 

2 
3 

1255 
1415 
1355 
1500 

5 
5 

12 
12 

6  1605  2 ...................................... ..*~~.*..........~~............... 
36 Nov 28 

30 
Dec 1 

2 
3 
4 
6 

1035 
1250 
1410 
1310 
1405 
1510 
1606 

5 
5 
8 

13 
2 

12 
33 

37 Nov 28 
30 

Dec 1 
2 
3 
6 

1140 
1257 
141 5 
1355 
1500 
1603 

5 
5 
5 

12 
12 
a ........................................................................ 



Y 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e 
S t a t i o n  

Co l1   ec t i on  
Date TI me 

Fecal  Col i form 
MPN/100 m l  

38 Nov 28 
30 

Dec 1 
2 
3 
4 
6 

1135 
1300 
1420 
1325 
1410 
1520 
1600 

2 
2 
7 
2 

11 
L2 
13 ........................................................................ 

39 Nov 28 
30 

Dec 1 
2 
3 
6 

1130 
1305 
1425 
1330 
1415 
1558 

33 
33 
13 
L2 

8 
13 ........................................................................ 

40 Nov 30 
Dec 1 

2 
3 
6 

1310 
1425 
1430 
1420 
1557 

14 
17 
2 

49 
5 ........................................................................ 

41 Nov 25 
28 
30 

Dec 1 
2 

1225 
1130 
1005 
1530 
1135 

L2 
4 

L2 
L2  
L2 ........................................................................ 

42 Nov 28 
30 

Dec 1 
2 
3 
6 

1120 
1315 
1430 
1335 
1445 
1555 

5 
46 
L2 

5 
130 

22 ........................................................................ 
43 Nov 28 

30 
Dec 1 

2 
3 
6 

1105 
1317 
1430 
1340 
1440 
1552 

13 
3 50 

22 
L2 
23 
8 ........................................................................ 

Yl 

I 

I 
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APPENDIX I11 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE  STATIONS (Conti   nued) 

Sampl e C o l   l e c t i o n  Feca l   Co l i f o rm 
S t a t i o n  Date Time MPN/100 m l  

44 Nov 30  1320 
Dec 1 1435 

2 1345 
3 1435 
6 1548 

49 
49 

2 
79 
12 .................................................. e . . . . . . . . * . . . * . . . . . . . .  

45 Nov 28 1110 2 
30  1325 12 

Dec 1 1440 5 
2 1345 110 
3 1430 7 
6 1545 2 ........................................................................ 

46 Nov 25 1220 12 
2 8  1125 12 
30 1010 12 

Dec 1 1520 12 
2 1130 2 ........................................................................ 

47 Nov 25 
28 
30 

Dec 1 
2 

1230 
1115 
101 5 
1525 
1125 

8 
12 
12 

4 
12 

. . . e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  **...*~~~....~................. 
48 Nov 25 

30 
Dec 1 

2 

28 
1215 
1110 
1020 
1515 
1125 

2 
12 
12 
12 
12 

49 Nov 28 
30 

Dec 1 
2 

1105 
1035 
1510 
1120 

12 
2 

12 
2 

. e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 0 . . . 0 . . . . . . . . ~ . . . . . . . . . . . . . . . . .  
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE  STATIONS (Cont inued) 

Sample C o l l e c t i o n  Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 rnl 

50 Nov 25 
28 
30 

Dec 1 
2 

1203 
1100 
1030 
1510 
1120 

L2 
L2 

2 
L2 
L2 ........................................................................ 

51 Nov 25 
28  
30 

Dec 1 
2 

1145 
1055 

1505 
1115 

- 
2 

L2 
8 

L2 
L2 ........................................................................ 

52 Nov 25 
28 
30 

Dec 1 
2 

1200  L2 
1045  L2 
1045 2 
1455  L2 
1110  L2 ........................................................................ 

53 Nov 25 
28 
30 

Dec 1 
2 

1150 
1050 

1500 
1115 

- 
L2 
L2 
L2 

5 
2 ........................................................................ 

54 Nov 25 
28 

Dec 1 
2 

1140 
1040 
1450 
1105 

L2 
L2 
22 

7 ........................................................................ 
55 Nov 25 

28  
Dec 1 

2 

1050 
1030 
1445 
1055 

L2 
L2 

4 
2 ........................................................................ 

56 Nov 25 
28 

Dec 1 
2 

1040 2 
101 5 L2 
1435 11 
1050 2 ........................................................................ 

w 

u 

Llr 

IIC 

Y 

Y 

I 



- 46 - 
a 

I 

Q 

APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample Col  1 e c t i  on Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 m l  

"- 

57 Nov 25 
28 

Dec 1 
2 

1100 
1020 
1430 
1050 

2 
5 
2 

L2 .......................................................................... 
58 Nov 25 

28 
Dec 1 

2 

1115 
0950 
1410 
1035 

2 
L2 
23 
L2 
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m 

APPEND I X IV DAILY BACTERIOLOGICAL  RESULTS FOR  FRESHWATER 
SAMPLE  STATIONS 

Sample Date o f  To t a l  Fecal  Fecal  
S t a t i o n  C o l l e c t i o n  Col i form/100 rnl Col  i form/100 m l  St reptococc i /100 m l  

s1 Nov 28 115 4 8 
Nov 29 3 0/50 0/50 ............................................................................... 

s2 Nov 22 L10 
Nov 24 13 
Nov 25 45 
Dec 3 - 

0 
9 
8 

12 

0 
1 
1 

38 ............................................................................... 
s3 Nov 22 770 

Nov 24  640 
Nov 25  330 

96 
75 
33 

4 
55 
59 ............................................................. o . . . . . . . . . . . . . . . . . . .  

s 4  Dec 2 33 15  91 ............................................. 0 . . . . . . . . . . . . 0 . . . . . . . . . . . . . . . . . . . .  

s5 Dec 2 100 50 30 
Dec 3 7 4 109 ................................. .............................................. 

S6 Dec 2 550 150 
Dec 3 4000 1000 
Dec 6 10 700 840 

550 
1080 
110 

s7 Dec 3 
Dec 4 
Dec 6 

230 
6800 
7100 

98 
87 
52 

124 
32 
8 ............................................................................... 

S8 Nov 22 
Nov 24 
Nov 25 

38 
25 

G80 

24 
15 
36 

4 
18 
G80 

s9 Nov 22 
Nov 24 
Nov 25 

31 
1 

23 

0 
1 
3 

0 
0 
0 

L = " less   than"  
G = "g rea ter   than"  
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APPENDIX IV DAILY BACTERIOLOGICAL  RESULTS FOR  FRESHWATER 
SAMPLE STATIONS (Cont inued) 

Sample D a t e   o f  To t a l  Fecal  Fecal  
S t a t i o n  C o l l e c t i o n  Col   i form/100 m l  Col  i form/100 m l  Strep tococc i /100 m l  

s 10 Nov 22 39 4 0 
Nov 24 40  15 1 
Nov 25 54  34  34 ............................................................................... 

s11 Nov 22 
Nov 24 
Nov 25 

3 90 
900 
360 

33 
46 
29 

L2 
3 
5 ............................................................................... 

s 12 Dec 6  30  L10 L 10 ............................................................................... 
S13  Dec 6  20  L 10 L  10 ............................................................................... 
S 14 Dec 5 22 0 0/70 ............................................................................... 
S15 Nov 22 

Nov 24 
Nov 25 
Nov 26 

140 
12 
58 
26 

0 13 
3 5 

22  9 
5 3 ............................................................................... 

S16 Nov 26 
Nov 28 

11 
64 

7 
1 

4 
2 ............................................................................... 

$17 Nov 26 
Nov 28 
Nov 30 

17 6 
110  6 
330  110 

210 
16 

180 ............................................................................... 
S 18 Nov 26 17 900 2600  70 

Nov 28 67 000 4100  40 
Nov 30 10 400 11 50 110 ............................................................................... 

s19 Nov 28 240 
NOV 30 I 730 
Dec 2  460 

0 
110 
46 

2 
40 

L  10 ............................................................................... 
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APPENDIX I V  DAILY BACTERIOLOGICAL RESULTS FOR FRESHWATER 
SAMPLE STATIONS (Cont inued) 

Sample Date o f  To ta l  Fecal  Fecal  
S t a t i o n  Col1 e c t i o n  Col i form/100 m l  Col i form/100 m l  St reptococc i /100 ml 

s20 Nov 26  27 
Nov 28  680 
Nov 29 54 
Nov 30  51 
Dec 4 68 

16 
14 
10 
18 
11 

7 1  
19 
12 

113 
46 ............................................................................... 

s21 Nov 29 29 2 1 
Nov 30 75 9 16 ............................................................................... 

s22 Nov 29 
Nov 30 

23 
40 

3 
4 

0 
11 ............................................................................... 

S23 Nov 29 5 
Nov 30 680 

1 
1 

0 
0/50 ............................................................................... 

S24 Nov 29 16 0 0/50 
Nov 30 20 3 1 ............................................................................... 

S25 Nov 29 
Nov 30 

45 
30 

5 
13 

0/50 
6 ............................................................................... 

S26 Nov 29 
Nov 30 

7 
233 

0 
10 

0/85 
2 ............................................................................... 

S27 Nov 29 
Nov 30 

14 
64 

5 
9 

1 
5 ............................................................................... 

S28 Nov 29 
Nov 30 

130 
17 

20 
4 

1 
3 
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APPENDIX V 

SUMMARY OF TEMPERATURE  AND SALINITY DATA 
FOR MARINE SAMPLE STATIONS 
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APPENDIX V SUMMARY OF TEMPERATURE AND SALINITY DATA  FOR 

MARINE SAMPLE STATIONS 

Sampl e No. o f  Temperature Mean No. o f  S a l i n i t y  Mean 
S t a t i o n  Samples Range Temperature Sampl es Range Sal i n i  ty  

\ ("C) ("GI P / O O  1 

1 

2 

3 
4 

5 
6 

7 

8 
9 

10 

11 

12 

13  

14 
15  

16  

17 

18  

19  
20 

2 1  
22 

23 
24 

25 

7 

7 

7 
7 

7 
7 

6 

6 

5 
5 

6 

5 

5 

2 
4 

4 
4 
3 

3 

6 

7 
7 

6 
4 

2 

6.0-8.0 

6.5-8.0 

6.5-8.0 
7.0-8.5 

7.5-8.5 
7.0-8.5 

7.0-8.5 

6.0-8.5 

7.0-7.5 
7.0-8.0 

7.0-8.5 

7.0-7.5 

4.5-7.5 
4.0-6.5 
5.0-7.5 

6.5-7.0 

6.5-7.0 

6.0-7.0 

6.5-8.0 

7.0-8.0 

7.0-8.5 
7.5-8.5 

7.5-8.5 
7.5-8.5 

7.0-7.5 

7.4 
7.5 

7.4 

7.9 
8.0 

6.7 

7.9 
7.6 

7.1 

7.3 

7.8 

7.1 
6.6 

5.3 
6.5 

6.9 

6.9 
6.7 

7.5 

7.5 

8.0 
8.1 

8.1 
7.9 

7.3 

9 11 - 31 
9 21 - 31 

9 14 - 30 

9 23 - 31 
7 26 - 31 

7 30 - 33 

7 3 1  - 33 
6 3 1  - 33 

7 26 - 31 
8 18 - 32 

6 30 - 32 

8 23 - 32 

8 11 - 31 

4  8 - 25 
5 12 - 30 

5 27 - 31 

5 25 - 31 
4 21  - 31 

4 24.5-31 

6 24 - 29 

7 30 - 32 

7 29 - 32 

6 30 - 33 
5 3 1  - 32 

4 30 - 32 

22.1 

27.9 

27.1 
29.1 

30.0 
27.3 

31.8 
31.8 

28.0 

28.8 

31.3 

29.5 

24.8 

19.0 
24.6 

29.0 

27.4 

26.8 

28.4 
28.5 

31.3 

31.0 

31.8 
31.8 

31.0 
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SUMMARY OF TEMPERATURE AND SALINITY DATA  FOR 

MARINE SAMPLE STATIONS (Cont inued)  

~ ~ ~~~ ~ ~ ~ ~ ~~~~~ 

Sample No. o f  Temperature Mean No. o f  S a l   i n i  ty Mean 
S t a t i o n  Samples Range Temperature Sampl es  Range Sal i n i  ty 

("C) ( " C )  ( O / O O  1 

26  2 
27 4 

28 2 
29 5 

30 5 
31 2 
32 5 

33  4 

34 4 

35  4 

36  4 

37  5 

38 5 
39  5 

40 4 
41 2 

42 5 

43 5 

44 4 

45  5 

46 2 

47 2 

48 3 

49 3 

50 3 

7.0-8.0 
7.0-7.5 

7.0-8.0 

7.0-7.5 

-7.0- 
-8.0- 

6.5-7.5 

6.5-7.5 

7.0-7.5 

-7.0- 

6.5-7.0 

-7.0- 

7.0-7.5 
6.5-7.0 

-7 .O- 

-8.0- 

-7.0- 

-7.0- 

-7.0- 

-7.0- 

-8.0- 

-8.0- 

7.0-8.5 

7.0-8.0 

7.0-7.5 

7.5 5 
7.1 7 
7.5 5 
7.1 8 

7.0 8 
8 .0  5 
7.0  8 

7.0  8 

7.1 8 

7.0 5 

6.9 7 
7.0 6 

7.1 7 
6.9 6 

7.0 5 

8.0  5 

7.0 6 

7.0 6 

7.0 5 

7.0 5 
8.0  5 

8.0 5 

7.8 5 

7.5 5 

7.3 5 

30-32 
30-32 

31  -32 

30-32 

12-33 
31-32 
30-32 

30-32 

29-32 

31-32 

27-32 

31-32 

29-32 
30-32 

28-32 

31  -32 

26-32 

25-32 

28-32 

31  -32 

31  -32 

31  -32 

31-32 

-32- 

31-32 

31.2 
31.1 

31.8 

31.0 

28.4 
31.8 
30.9 

30.9 

31.0 

31.8 
30.7 

31.5 

30.9 

31.0 
30.6 

31.4 

30.0 

30.5 

31  .O 
31.7 

31.8 
31.6 

31.6 

32 

31.8 
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APPENDIX V SUMMARY OF TEMPERATURE AND SALINITY DATA  FOR 

MARINE SAMPLE STATIONS (Continued) 

Sample No. o f  Temperature Mean No. o f  S a l i n i t y  Mean 
S t a t i o n  Samples Range Temperature Samples Range Sal i n i  ty 

("C) ( " C )  P / O O  1 

5 1  

52 

53 

54 

55 

56 

57 

58 

7.0-8.0 

7.5-8.0 

7.0-8.0 

7.0-8.0 

5.5-8.0 

6.0-8.5 

7.0-8.0 

7.5-8.0 

7.5 

7.7 
7.5 

7.5 

6.8 

7.2 

7.5 

7.8 

31 -32 

31-32 
30-32 

30-32 

28-30 
-31- 

30-32 

31-32 

31.5 

31.6 
31.0 

31.3 

29.3 

31 

31.5 

31.3 

r 
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APPENDIX VI 

OPERATIONAL  ASSESSMENT OF THE D I S T R I C T  OF 

PORT HARDY TSULQUATE AND AIRPORT 
SEWAGE TREATMENT  PLANTS 
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COD 
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1 
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INTRODUCTION 

An o p e r a t i o n a l   e v a l u a t i o n   o f   t h e   D i s t r i c t   o f   P o r t   H a r d y ' s  

Tsul   quate and A i r p o r t  sewage t rea tmen t   p lan ts  was conducted i n  s u p p o r t   o f  

t h e  she1 1 f i sh   g row ing   wa te r   qua l  i t y  survey  o f   Hardy Bay and Beaver 

Harbour. The e v a l u a t i o n  was based upon b a c t e r i o l o g i c a l  and chemical 

analyses  conducted on samples  obtained  f rom  each  of   the  t reatment 

systems. The b a c t e r i o l o y i c a l   r e s u l t s  were  discussed i n   S e c t i o n s  4.1.2.1 

and 4.3 o f   t h i s   r e p o r t .  

B o t h   o f   t h e   t r e a t m e n t   p l a n t s   a r e   c l a s s e d  as secondary 

f a c i l i t i e s .  

A i r p o r t  STP 
The A i r p o r t  STP i s  operated i n   t h e   e x t e n d e d   a e r a t i o n  mode. The 

sewaye i s  coarse-screened,  comminuted,  aerated, and c l a r i f i e d   b e f o r e  

d i s c h a r g e   ( F i g u r e   1 ) .   S l u d g e   c o l l e c t e d   i n   t h e   c l a r i f i e r   i s   r e t u r n e d   t o  

t h e   a e r a t i o n   s e c t i o n .   A c c o r d i n g   t o   t h e  PCB permi t ,   s ludge may be  wasted 

t h r o u g h   t h e   o u t f a l l  on  an ebb ing   sp r ing   t i de .  

Tsul   quate STP 

The Tsulquate STP has  been  designed t o   t r e a t  up t o  1890 

m3/day (500 000 USGPD) o f  sewage f rom a p o p u l a t i o n   o f  5000 (1) .  When 
t h e   p l a n t  was designed i n  1971, t h e   p r o j e c t e d   s e r v i c e d   p o p u l a t i o n   i n  1980 

was 3000. It was i n t e n d e d   t h a t   t h e   p l a n t  be  operated i n  an extended 

a e r a t i o n  mode unt  i 1 the  average  dai ly  f low  exceeded  1260  m3/day 

(333 800 USGPD) a t   w h i c h   t i m e  i t  would  be  converted t o   c o n t a c t   s t a b i l i z a -  

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

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

The Tsulquate STP  was mod i f i ed   f rom  ex tended   ae ra t i on   t o  

c o n t a c t   s t a b i l i z a t i o n   j u s t   p r i o r   t o   t h i s   s t u d y   ( 2 ) .  The p l a n t  has  been 

s u b j e c t   t o   v a r i a b l e   i n f l u e n t   f l o w s  due t o   s t o r m w a t e r   i n f l o w   a n d / o r  
g r o u n d w a t e r   i n f i l t r a t i o n ,   w h i c h  may r e s u l t   i n   a e r a t i o n   t a n k  and c l a r i f i e r  

"wash-ou ts " .   Con tac t   s tab i l i za t i on   ae ra t i on   vo l  ume requi rements  are 

about 50% o f   t h o s e   r e q u i r e d   f o r  a c o n v e n t i o n a l   a c t i v a t e d   s l  udge p l a n t  and 



Y 

Y 

rn 

m 

II) 

I 

- 60 - 

a b o u t  10% of  those for extended aeration ( 3 ) .  Conceivably, the new 
design would be  more amenable to  the  actual wastewater influent 
characterist ics.  

The influent sewage i s  coarse-screened, comminuted, aerated, 
c l a r i f i ed ,  and chlorinated  before  discharge  (Figure 2 ) .  S1 udge may be 

returned t o  the  aeration  section  or wasted t o  the  aerobic  digestor. 
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F ina l   Ef f luent  
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A P P E N D I X   V I  

F IGURE 2 T S U L Q U A T E  S T P  FLOW D I A G R A M  
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2 SAMPLING PROCEDURES AND METHODS 

2.1 A i r p o r t  STP 

Two 24 hour  composite  samples  were  obtained  from  each  of  the 

raw sewage and f i n a l   e f f l u e n t  1 i n e s   a t   t h e   A i r p o r t  sewage t rea tment  

p l a n t .   F i n a l   e f f l u e n t  samples  were c o l l   e c t e d   u s i n g  a s igna l   t imer  and  a 

submersible pump. By t h i s  method, approximate 1 1 i t r e  a1 i q u o t s  were 

t r a n s f e r r e d   e v e r y  15 m inu tes   t o  a p l a s t i c   c o l l e c t i o n  bag. Raw sewage 

samples  were  obtained  using a duckb i l l   sampler  whereby  approximate 250 m l  

samples  were  taken  every 2.5 minutes. Samples o f   t h e  raw sewage and 

f i n a l   e f f l u e n t   f o r   o i l  and  grease  analysis  were  col l   ected  as  grab  samples 

i n  g lass   con ta ine rs .  Grab  samples  were a1 so ob ta ined  o f  t he   ae ra t i on  

tank   con ten ts  and re tu rn   s ludge.  

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

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

f low  meter   and  char t   recorder   (Mann ing   D ipper )  was p o s i t i o n e d   a t   t h e  

f i n a l   e f f l u e n t   w e i r  from 1530 on  December 3 t o  1500 on December 7. 

2.2 Tsul   quate STP 

Two 24 hour  composite  samples o f   t h e   f i n a l   c h l o r i n a t e d   e f f l u e n t  

were  obtained  f rom  the  Tsulquate sewage t r e a t m e n t   p l a n t   u s i n g   t h e   s i g n a l  

t imer  and  submersible pump system. No su i   tab1 e s i t e  was a v a i l   a b l e   f o r  
use o f   t he   duckb i l l   samp le r ,   t he re fo re ,   compos i te  raw sewage samples were 
obta ined  f rom 3-10 1 i t r e  g rab   samples   co l lec ted   about   e igh t   hours   apar t .  
Grab  samples f o r   o i l  and  grease  analysis as we1 1 as   the   aera t ion   tank  

con ten ts  and re tu rn   s ludge  were c o l l e c t e d  as prev ious ly   d iscussed.  
F low  data was o b t a i n e d   f r o m   t h e   t r e a t m e n t   p l a n t   f l o a t  and we i r  

system. 
A1 1 samples  were  spl it i n t o  sample bo t t l es ,   p rese rved  as 

o u t 1   i n e d   i n   t h e  DOE Pol 1 u t i o n  Sampl i n g  Handbook (41, and t rans fe r red   by  
a i r - f r e i g h t   f r o m   P o r t  Hardy t o  Vancouver.  Samples  were d e l i v e r e d   t o   t h e  

DFO-DOE c h e m i s t r y   l a b o r a t o r y   i n  West Vancouver on the  same day  as the 

comple t ion   o f   the   compos i te  sampl i n g   p e r i o d .  
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RESULTS AND DISCUSSION 

F lows  th rough  the   Tsu lquate   p lan t   were   in f luenced  by  

p r e c i p i t a t i o n  as shown i n   F i g u r e  3. For  example,  f lows  recorded  between 

0300  and  1500  on December 3 f o l l o w i n g  heavy r a i n f a l l  were  about 40% 

greater   than  those  recorded  dur ing   d ry   per iods   such as November 20 and 

21. Sharp  peaks on t h e   f l o w   d i a g r a m s   a r e   g e n e r a l l y   t h e   r e s u l t   o f  

d iges ter   supernatan t   d ischarge.   Fo l low ing   supernatan t   d ischarge,   re tu rn  

s l u d y e   i s  wasted  back i n t o   t h e   d i g e s t o r .  
F1 ows recorded a t  t h e   A i r p o r t  STP by  the  Manning  Dipper  

averaged  about 570 n3/day. 

The r a w  sc?wage i n f l   u c n t   t o   b o t h   t h e   T s u l q u a t e  and A i r p o r t  STP's 

may genera l l y   be   desc r ibed  as weak (Tab1 e 1). Only NH3, FR, and 
c o n c e n t r a t i o n s   w e r e   s i g n i f i c a n t l y  above t y p i c a l  weak sewage l e v e  

3.1 Treatment  Plant  Performance 

3.1.1 A i r p o r t  STP. The r e s u l t s   o f   c h e m i c a l   a n a l y s e s   o f  sarnp 

c o l l e c t e d   f r o m   t h e   A i r p o r t  STP a r e  shown i n   T a b l e  2. Genera l ly ,  

TA1 k 
S .  

es 

t h e  
t rea tment   p l   an t   p roduced a h i  yh  qual i t y  f i n a l   e f f l u e n t   w i t h  a BOD5 

and NFR o f  6 and less   t han  5 m g / l   r e s p e c t i v e l y .   S i g n i f i c a n t  

n i t r i f i c a t i o n  was achieved as shown by  the  dramat ic  decrease i n  NH3 
1 eve1 s f rom a raw sewage mean v a l u e   o f  24.9 n g / l   t o  a f i n a l   e f f l u e n t  

v a l u e   o f  0.164 m g / l .   P o l l u t a n t   r e m o v a l   e f f i c i e n c i e s  were g e n e r a l l y   h i g h  

w i t h  mean BODS, NFR, COD, and TOC r e d u c t i o n s   o f  93, g rea te r   t han  95, 

82   and  83   percent   respec t ive ly .  

The PCB p e r m i t   f o r   t h i s   p l a n t   r e q u i r e s   t h a t   t h e   f i n a l   e f f l u e n t  

b e   e q u i v a l e n t   t o   o r   b e t t e r   t h a n  60 mg/l NFR and  45  rng/l BODS. Based 

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

c r i t e r i a .  

A compar ison   o f   des ign   da ta  and o b s e r v e d   r e s u l t s   o f   t h i s   s t u d y  

i s  shown i n  Table 3. Actual   f low and f low- re la ted   da ta   such as a e r a t i o n  

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

des ign  va lues.  The a c t u a l   i n f l u e n t  BOD5 l e v e l   o f  90 mg/l was f a r  

be low  the   des ign   va lue   o f  204  mg/l. As a r e s u l t ,   t h e   a c t u a l  6OD5 

l o a d i n g  was below  the  design  value.  Both BOD5 and NFR r e d u c t i o n s  
exceeded  design  est imates. 

I 

I 

m 
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FIGURE 3 FLOW THROUGH  TSULQUATE  R IVER  SEWAGE  TREATMENT  PLANT 
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TABLE 1 RAW SEWAGE STRENGTH 

Typical Composition (5)  
Parameter Tsul quate  Airport 

S t r o n g  Med i urn Weak 
"""""""""""""" my/l-------------------------- 

TR 
N FR 
FR 

T VK 

TFR 
B OD5 
TOC 
COD 
Organic N 

NH3 
NO3 

NO2 
TPO4 
TA1 k 
Grease 

1200 

350 

600 

600 

850 
3 00 

300 

1000 

35 
50 

0 

0 
20 

200 

150 

700 

200 

350 

350 

500 
200 

200 

500 

15 

25 

0 

0 
10 

100 

100 

3  50 

100 

175 

175 

250 
100 

100 

250 

8 

12 

0 

0 
6 

50 

50 

341 

104 

23 7 
190 

151 
118 

- 
310 

10.4 

36.7 

0.14 

0.063 
5.86 

154 

28 

438 

99 

339 

185 

253 
90 

68 
290 

7.4 

24.9 

LO.O1O 

0.0074 

5.73 

180 

38 

L = ' 'less than" 
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TABLE 3 COMPARISON OF AIRPORT STP DESIGN DATA AND STUDY  RESULTS 

I n i t i a l  U1 t ima te   Ac tua l  
Design  Design 

Popul a t  i on  Served 
Year 
Average F1 ow (m3/day) 
Peak F1  ow (m3/min) 
I n f l u e n t  BOD5 (rng/ l )  

NFR (mg/ l )  

BOD5 r e d u c t i o n  (%) 
NFR r e d u c t i o n  ( x )  
E f f l u e n t  BOD5 (rng/l) 
E f f l u e n t  NFR (mg/ l )  

( W d a Y  1 

( W d a Y  1 

Aera t i on   Sec t i on  
Vol urne (m3) 
Dept 11 (nl) 
De ten t i on  Time - avg  (h r )  
De ten t i on  Time - peak ( h r )  
EOD5 Loading  (kg/day/1000 1x3) 

S e t t l i n g  Tank 

VOI urne (m3) 
Depth (m) 
Detent ion  Time - avg ( h r 4  
Over f low - avg (m3/day/rn ) 
Over f low - peak  (m3/day/m3) 
Rise  Rate - peak (m/hr) 
Weir   Overf low - avg  (m3/day/m) 

Return  S1 udye 

No. pumps 
Capaci ty  Mi n/lilax  (m3/min) 

97 5 
1975 
370 
1.0 
204 
75 
240 
88 
80-85 
80-85 
35-45 
40-50 

926 
4.4 
60 
15 
81  

334 
3.7 
21.7 
4.3 
16.5 
0.70 
11.7 

1 
0.091/0.91 

2300 
1990 
870 
2.1 
204 
1 7 7  
240 
207 
75-80 
75-80 
35-45 
40-50 

926 
4.4 
25 
7 
191 

334 
3.7 
9.2 
9.8 
34.0 
1.4 
27.6 

1 
0.091/0.91 

- 
1978 
570 

90 
51 
99 
56 
93 
G95 
6 
L5 

- 

14.1 
6.4 - 
- 
17.9 

L = "less than"  G = ' ' g rea ter   than"  
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The control of a bioloyical waste s tabi l izat ion system i s  
usually based upon u n i t  process  parameters. A1 though recommended values 
a re  yiven in  the  l i terature,   operators may adjust  the system outside 
these  ranges  if  treatment performance i s  increased. 

S i  x important u n i t  process  parameters  incl ude: 

0, - mean cell  resi derrce ra t io  
U - food/microorgani sm ra t io  

t - hydraulic  retention time 
V L  - volumetric  loading 

R - reci  rcul a t  i on r a t i o  
MLVSS - aeration t a n k  mixed l iquor  volati le 

suspended solids  concentration. 
The definit ions of these  parameters  are shown in  Table 4. 

Parameters were calculated f o r  both  the Airport and Tsulquate  plants 
u s i n g  the  results of t h i s  study  (Tables 5 and 6 )  and d a t a  suppl ied by the 
Dis t r ic t  of Port  Hardy ( 2 ) .  

The  meall cell  residence time for the  airport  treatment  plant 
was extremely  long, much greater than  recommended. This was due i n  par t  
t o   t he  low effluent NFR concentration. Mean cell  residence  times of 10 
t o  20 days are normally required  for  nitrification ( 9 ) .  Based on the 
a i r p o r t  STP mean cell  residence time of 332 days,  significant 
n i t r i f i ca t ion ,  would  be expected and was observed i n  this study. 

The calculated food/rnicrooryani sm ratio  for  the  Airport STP was 
0.050, just w i t h i n  the recommended range of 0.05 t o  0.15. Therefore, i t  
i s  suggested t h a t  the  aeration t a n k  MLVSS of  1020  my/l i s  too low and,  i f  
maintained, may lead t o  system fa i lure  due t o  insufficient biomass for 
influent BOD5 reduction. 

3.1.2 Tsulquate STP. The results of chemical analyses of samples 
collected from the  Tsulquate STP are shown i n  Table 7. This  treatment 
plant has been subject t o  periodic  bulking  sludge  conditions.  Floating 
sludge was frequently observed  in the   c la r i f ie r  and chlorine  contact 
tank.  Concurrently, high NFR concentrations have  been noted i n  the  final 
effluent.  The resul ts  from the December 3-4 sampling indicate such a 

Y 
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TABLE 4 U N I T  PROCESS  PARAMETER DEFINITIONS ( 6 )  

8, = t o t a l   a c t i v e   m i c r o b i a l  mass i n  t reatment   system 

m i c r o b i a l  mass removed da i l y   (was ted  and e f f l u e n t )  
- - xv 

V = mass o f  BOD5 removed p e r  day 

t o t a l   a c t i v e   m i c r o b i a l  mass 

VL = mass o f  BOD5 removed p e r  day 
1000 u n i t s  ( f t 3  o r  m3) of r e a c t o r  v o ~  ume 

R = r e c y c l e   f l o w  

i n f l   u e n t   f l o w  

= &  

. Q  

t = volume o f   r e a c t o r  

i n f l   u e n t   f l o w  
= v  

v 
- 

where: X = ae ra t i on   t ank  MLVSS c o n c e n t r a t i o n  

V = aerat ion  tank  vo lume 

Qw = wastage  f low 

X, = waste MLVSS c o n c e n t r a t i o n  

Q = i n f l u e n t   f l o w  

X, = e f f l u e n t  MLVSS c o n c e n t r a t i o n  

So = i n f l u e n t  BOD5 
Se = e f f l u e n t  BOD5 
or = r e c y c l e   f l o w  

L 

D 
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c o n d i t i o n .  I n  t h a t   p e r i o d ,   t h e   f i n a l   e f f l u e n t  BOD5 and NFR 

c o n c e n t r a t i o n s  were 95 and 195 m g / l   r e s p e c t i v e l y .   I n   f a c t ,   f i n a l  

e f f l u e n t  COD, NFR,  VNFR, TR, TVR, and TPO4 c o n c e n t r a t i o n s  were h i g h e r  
than  raw sewage Val  ues. 

R e s u l t s   o f   t h e  December 6-7 sampl i n g  show t h a t   t h e  sewage 

t reatment   p lant   produced a h igh   qua l  i t y  e f f l u e n t   d u r i n g   t h a t   p e r i o d .  

F i n a l   e f f l u e n t  BOD5 and NFR c o n c e n t r a t i o n s  were 4 and less   t han  5 

mg/ l   respect i   ve l? .  The PCB permi t f o r   t h i s   p l a n t   r e q u i r e s   t h a t   t h e   f i n a l  

e f f l u e n t  have BOD5 and NFR c o n c e n t r a t i o n s   e q u i v a l e n t   t o   o r   b e t t e r  

t h a n  50 mg/l . T h i s   l a t t e r  sampl i n y  met t h e   p e r m i t   c r i t e r i a   w h i l e   t h e  

f o r m e r   d i d   n o t .  

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

o p e r a t e d   d u r i n g   t h i s   s t u d y ,  were o u t s i d e   t h e   n o r m a l l y  recommended range 
f o r   c o n t a c t   s t a b i l i z a t i o n - t y p e   p l a n t s   ( T a b l e  5) .  The food/micro- 

o r g a n i s m s   r a t i o  i s  about an order   o f   magn i tude  be low  suggested   l im i ts .  
The l o w   r a t i o   i s  due t o   t h e   l o w   o r g a n i c  and h y d r a u l i c   l o a d i n g s   o f   t h e  

t r e a t m e n t   p l a n t  a t  t h e   t i m e   o f   t h i s   s a m p l i n g .  

The  Ten S ta tes   S tandards   f o r  sewage t rea tmen t   p lan t   des ign  

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

t reatment   p lants   under  1870 tn3/day be  about 3.0 hours (10) compared 

t o  a normal ly  recommended v a l u e   o f  0.5 t o  1.0 hour. A s tudy   o f   t hese  

p l a n t s   i n   t h e   U n i t e d   S t a t e s   i n d i c a t e d   t h a t   i n   t y p i c a l   c o n s e r v a t i v e l y  

d e s i g n e d   c o n t a c t   s t a b i l i z a t i o n   p l a n t s ,  all o f   t h e   s t a b i l i z a t i o n   o f   r a w  

was tewa te r   o rgan ic   ma t te r   occu rs   i n   t he   con tac t  zone  and o n l y  endogenous 

r e s p i r a t i o n   o c c u r s   i n   t h e   r e - a e r a t i o n  zone. T h i s   o f t e n   r e s u l t s   i n  a 

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

A c o n t a c t   s t a b i l i z a t i o n   p l a n t   i n   C o r a l v i l l e ,  Iowa,  provided a 
r e t e n t i o n   t i m e   o f  2.6 and 6.5 hours i n   t h e   c o n t a c t  and s t a b i l i z a t i o n  

zones, r e s p e c t i v e l y ,  and produced a s l u d g e   o f   p o o r   s e t t l i n g  

c h a r a c t e r i s t i c s .  The t r e a t n e n t   p l a n t  was upgraded t o  a modif ied  conlplete 

m i x   f l o w   p a t t e r n  (11). 
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I 

As ment ioned  p rev ious ly ,   the   Tsu lquate  STP c o n t a c t  zone 

r e t e n t i o n   t i m e   i s  20 hours. As i l l u s t r a t e d  b y   t h e   C o r a l v i l l e ,  Iowa  case 

h i s t o r y ,   t h i s   r e p r e s e n t s  one p o s s i b l e   r e a s o n   f o r   t h e   b u l k i n g   s l  udye 

p rob le ln   no ted   a t   t he   p lan t .  

A n a l y s i s   o f   n i t r o g e n   d a t a  shows t h a t   t h e r e  was a 64% r e d u c t i o n  

i n  TN from  raw sewage t o   f i n a l   e f f l u e n t .  It i s   p o s s i b l e ,   t h e r e f o r e ,   t h a t  
t h e   f l o a t i n g   s l u d g e   i n   t h e   c l a r i f i e r   n o t e d   p r e v i o u s l y   o c c u r r e d   f r o m  

d e n i t r i f i c a t i o n .   U n f o r t u n a t e l y  no microscope was a v a i l a b l e   d u r i n y   t h i s  

s t u d y   t o  examine the   s ludge  fo r   a t tached  n i t rogen  bubb les .  I f  de- 

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

cou ld   be  removed  by i n c r e a s i n g   t h e   r e c y c l e   r a t e ,   o r  wastage, or   both.  

O the r   poss ib le   reasons   f o r   bu l k ing   s ludye   cond i t i ons   i nc lude  

b o t h   n u t r i e n t  and  oxygen de f i c ienc ies .   L i ru i t ed   d i sso l ved   oxygen  has been 

no ted   most   o f ten  as a cause o f   b u l k i n g  sludge. 
The c a r r y - o v e r   o f   b i o l o g i c a l   s o l i d s   t o   t h e   f i n a l   e f f l u e n t   a l s o  

p e r i o d i c a l l y   o c c u r r e d  when t h e  STP  was operated as extended  aerat ion.  

The f lows n o t e d   i n   t h i s   s t u d y   d u r i n g   r a i n y   p e r i o d s ,  such as  December 3, 

were  only  about  twice  the  average  dry  weather  f lows and would  not be 
expected  to  cause  washout  problems.  Reportedly, recommended MLVSS 

c o n c e n t r a t i o n s   o f  3000 t o  6000  were  maintained i n   t h e   e x t e n d e d   a e r a t i o n  

system. As p rev ious l y   d i scussed  and shown by t h e   A i r p o r t  STP 

pe r fo rmance ,   t he   l ow   o rgan ic   con ten t   o f   t he   i n f l uen t  t o  t hese   p lan ts  
a l l o w s  a r e l a t i v e l y  low MLVSS c o n c e n t r a t i o n   t o  be used. Moreover,  the 

maintenance o f  an arti f i  c i a 1  l y  h i g h  MLVSS 1 eve1 may r e s u l t   i n  a f l o c   o f  

p o o r   s e t t l i n g   c h a r a c t e r i s t i c s  due t o   t h e   d i s i n t e g r a t i o n  of b a c t e r i a l  

c e l l s  and f o r m a t i o n   o f   p i n - p o i n t   f l o c s .   M o n i t o r i n g   b y   t h e  PCB o f   t h e  STP 
f i n a l   e f f l u e n t   d u r i n g   e x t e n d e d   a e r a t i o n   o p e r a t i o n   r e v e a l  cd t h a t   t h e  

BOD5 c o n c e n t r a t i o n s   w e r e   c o n s i s t e n t l y   l o w   w h i l e  NFR l e v e l s  were as 

h i g h  as 234  mg/l  (Table 8) .  
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APPENDIX VI1 

FLUOROMETRIC DYE  STUDY OF THE TSULQUATE 

SEWAGE TREATMENT PLANT  EFFLUENT  DISPERSION  PATTERN 
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1 INTRODUCTION 

In conjuction with the she 1 l f i  sh  growing water qua 
o f  Hardy  Bay, a dye study was conducted on December 5 ,  1978, 

1 i t y  survey 
t o  exarni  ne 

the  dilution and dispersion  patterns of effluent  discharged by the 
Tsulquate sewage treatment  plant. 

2 METHODS AND MATERIALS 

Rhodamine WT dye (20%) obtained fro111 Dupont  , was added t o  the 
final  effluent t o  produce a calculated dye concentration of 1.4 pprn. Dye 
addition took  place  over  approximately a two-hour period (1045h-1257h) on 
an  incoming t ide  (Fi yure 1). 

Dye concentrations in the  surface  receiving  waters were 
determined  using a Turner  Designs Model 10-005R f l  uororneter equipped w i t h  
a flow  through cuvette system. F1 uororneter readirlgs were recorded usi n y  
a Hewlett-Packard Model 755B Recorder on board the survey boat  
"Klebsiella". The fluorometer was standardized  using  laboratory  prepared 
Rhodamine  dye standards  diluted w i t h  seawater from the  study  area and 
tested using  the  flow-through  cuvette system. Transects of e i ther  
radiating  lines from the  outfall  or  circles of increasing  distance around 
the  outfall  were  used t o  follow  the  dispersion  patterns over a f i  ve-hour 
period (1150h-1700h). During the  study  the sea was calm and there was no 
measurable wind. 

3 RESULTS AND DISCUSSION 

1ym 

Sel ected  transects and theoretical  fecal col i form 
concentrations  are shown in  Figure 1. Generally  speaking, dye 
concentrations were low i n  the  transects a t  points moving  away from the 
outfall  (detection  limit was 0.05 ppb  dye). The exceptions t o  t h i s  were 
t ransects  1 and 2 ,  where  dye was detectable  for up  t o  2000 inetres seaward 
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1 
. .  

. - . - . . . ." " 
TRANSECT No. I 

T i m e :  I 3 I 7 (Finish) 
Fecal   Col i form  leve ls  
I )  3/100 m L  
2)  22/1OO mC 
3 )  1017/100 m L 

r > 

TR  ANSECT No. 2 

Time: I 3 4 5  (Finish) 
Feca l   Co l i fo rm  leve ls  
I) 3 / 1 0 0   m L  
2 )   2 4 . 5  / I O 0  m L 
3) I 124.5 /IOO m L 

1 0 4 5  2.2 m 
1 6 3 0  4 . 4 m  
2 3 4 0  1.0 m 

L E G E N D  

I )  P r e d i c t e d   F e c a l   C o l i f o r m   L e v e l  
based on o b s e r v e d   l e v e l   o f  
1400/100 m L   i n   e f f l u e n t  

2) P red ic ted   Feca l   Co l i f o rm  Leve l  
b a s e d   o n   h i g h e s t   r e c o r d e d   l e v e l  
o f  II,OOO/IOO m L   i n   e f f l u e n t  

3 )  P r e d i c t e d   F e c a l   C o l i f o r m   L e v e l  
based   on   es t ima ted   l eve l   o f  
5 x I O ~ / I O O ~ L  i n   e f f l u e n t  
r e s u l t i n g   f r o m  a c h l o r i n a t i o n  'Q 

Time:  1 6 3 0  
Fecal  Coliform  levels 
I 1  2/100 m L  
2) 15.6 / 100 mL 
3) 714/100 mL 

0 500 1000 1500 

f a i l u r e .  L S c a l e  in M e t r e s  
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o f   t h e   o u t f a l l .  The resu l   t s   o f   t hese   t ransec ts ,   comb ined   w i th   t he   l ow  

leve ls   observed  dur ing   the   shoreward   t ransec ts   ind ica ted   tha t   the   ma in  

sewage plume moved away f rom  shore   under   the   cond i t ions   o f   th is   s tudy .  
T h i s  was unexpected  s ince  t ransects  1 and  2  were  conducted on  a f l o o d  
t i d e  and the  "expected" movement o f  sewage would be towards  the  shore. 

However,  dye a d d i t i o n  began  on the   l ow   t i de   (1045h)  and there  would  be a 

1 ag  t ime  before  the  water  movement i n   t h e  bay r e v e r s e d   i t s   d i r e c t i o n .  
A lso ,   the   f reshwater   ou t f low  f rom  the   Tsu lquate   R iver   wou ld   tend  to   car ry  
t h e   e f f l u e n t   p l u m e  seaward, r e g a r d l e s s   o f   t h e   t i d a l   c o n d i t i o n s .  

Dye was de tec ted   near   shore   ( t ransec t  4) d u r i n g   h i g h   t i d e ,  
s u g g e s t i n g   t h a t  a1 t h o u g h   t h e   i n i t i a l  movement o f   the   p lume was seaward, 

some o f   t h e  plume moved towards   shore   under   the   in f luence  o f   the   f lood  

t i d e .  

T h e o r e t i c a l   f e c a l   c o l   i f o r m   l e v e l  s based  on  observed  dye 
concen t ra t i ons   a re  shown i n   F i g u r e  1 f o r  e a c h   t r a n s e c t   f o r   t h r e e  

c o n d i t i o n s .   F i r s t l y ,   t h e   c a l c u l a t e d   b a c t e r i a   l e v e l  s were  based  on the  

o b s e r v e d   e f f l u e n t   q u a l i t y   d u r i n g   t h e  dye s tudy  (1350  fecal   co l   i forms/100 

m l ) .   S e c o n d l y ,   r e c e i v i n g   w a t e r   b a c t e r i a   l e v e l s  were c a l c u l a t e d  on the  

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

( 1 1  000 f e c a l   c o l i f o r m s / 1 0 0   m l ) .   T h i r d l y ,   t h e   p o s s i b l e   e f f e c t s   o f  a 

t o t a l   c h l o r i n a t i o n   f a i l u r e  were  examined  using an e f f l u e n t   f e c a l   c o l i f o r m  

1 eve1 o f  5  x 1051100 m l  (average  raw sewage i n f l u e n t   v a l u e ) .  
The theoretical  fecal col i f o r m  levels calculated f o r   t h e   f i r s t  

s i t ua t i on   ( i . e . ,   t he   ac tua l   cond i t i ons   encoun te red )   a re   suppor t i ve   o f   t he  

b a c t e r i o l o g i c a l   d a t a   o b t a i n e d   f o r   m a r i n e  sample s ta t ions .   Feca l  

con taminat ion  was o b s e r v e d   a t   s t a t i o n s  21, 22 and 23 (F igu re  2, main 
t e x t )   i n d i c a t i n g   t h e   e f f l u e n t  plume was d e t e c t a b l e   a t   t h i s   d i s t a n c e   f r o m  

t h e   o u t f a l l .  Low b a c t e r i a l   l e v e l s  were  observed a t   s t a t i o n s .  16, 17, 18 
and 19, d i r e c t l y   o f f s h o r e   o f   t h e   T s u l q u a t e   r e s e r v a t i o n ,   w h i l e  

unaccep tab le   f eca l   co l i f o rm  con tamina t ion  was p r e s e n t   a t   s t a t i o n  13 and 
15.  These data  concur with t h e   r e s u l t s  o f  t r a n s e c t s  4 and 5. 

The observed  bac ter io log ica l   da ta  a1 so c o r r e l a t e d   w e l l   w i t h  

p r e d i c t e d   d i l u t i o n   v a l u e s   f o r   t h e  sewage plume as c a l c u l a t e d  by  the Rawn 
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P a l m e r   f o r m u l a .   T h i s   f o r m u l a   e s t i m a t e d   t h e   i n i t i a l   d i l u t i o n   a t   t h e  

s u r f a c e   o f   t h e  plume t o  be  79: 1 o r  17.1 feca l   co l   i f o rms /100  m l  based  on 
t h e   e f f l u e n t   v a l u e   o f  1350/100 m l .  The obse rved   va lue   o f  a sample  taken 

a t  t h e  plume was 11/100 m l .  

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

s tudy   a re   spec i f i c   to   the   oceanograph ic  and a tmospher ic   cond i t ions  

encountered a t   t h e   t i m e  and i t  i s   n o t   p o s s i b l e   t o   e x t r a p o l a t e   t h e s e  

r e s u l t s   t o   t h e   o t h e r   s i t u a t i o n s .   A l s o ,   f e c a l   c o l i f o r m   d i e - o f f  was n o t  

inc luded  as  a f a c t o r   i n   c a l c u l a t i n g   t h e   t h e o r e t i c a l   c o l i f o r m   l e v e l s .  

Ac tua l  1 evel  s may the re fo re   be   l ower   t han   ca l cu la ted  1 evel  s. 

Add i t iona l   da ta   regard ing   the   expec ted  movement o f  sewage from 

t h i s   o u t f a l l  comes f rom  f loa t   s tud ies   conducted   by   Tevenda l  e i n  1971 (1 1. 
These s t u d i e s   i n d i c a t e   t h e  movement o f   t h e  sewage can  be s i g n i f i c a n t l y  
a f f e c t e d   b y   w i n d   i n   a d d i t i o n   t o   t i d a l   c o n d i t i o n s .  Where wind i s   n o t  a 

f a c t o r ,   f l o a t s  moved e i t h e r   d i r e c t l y  on  shore  or   towards  the  harbour   area 

on a f l o o d   t i d e .  
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4 CONCLUSIONS 

1. The p r e d i c t e d   f e c a l   c o l   i f o r m   l e v e l  s c o r r e l a t e d  we1 1 w i t h  
the  observed  data  obtained  dur ing  the  marine  sampl ing  program. 

2. E f f l u e n t   d i s c h a r g e d   f r o l n   t h e   o u t f a l l   i n i t i a l l y  moved 

seaward  as a r e s u l t   o f   t i d a l  and f reshwa te r   i n f l uences   (Tsu lqua te   R ive r  

o u t f l o w ) ,  a1 though i t  was a p p a r e n t   t h a t   p o r t i o n s   o f   t h e   e f f l u e n t  moved 
shoreward  dur ing  the 1 a t t e r   s t a g e s   o f   t h e   f l o o d   t i d e .  

3. The p r e d i c t e d   f e c a l   c o l   i f o r m   l e v e l  s based on the   h ighes t  
r e c o r d e d   f e c a l   c o l i f o r m   v a l u e   i n   t h e   f i n a l   e f f l u e n t   i n d i c a t e   t h a t   g r o w i n g  

w a t e r s   a t   t h e  mouth o f   T s u l q u a t e   R i v e r  and o f f   T s u l q u a t e   P o i n t  can become 
con tamina ted   t o   unaccep tab le   l eve l s .   Th i s   co r re la tes   comp le te l y   w i th  

mar ine   bac ter io log ica l   da ta   ob ta ined.  

4. P r e v i o u s   f l o a t   s t u d i e s   c o n d u c t e d   i n d i c a t e   t h a t   w i n d  has a 

c o n s i d e r a b l e   e f f e c t  on the  movement o f   t h e  sewage plume, p robab ly  due t o  

the   m in ima l   dep th   o f   t he   ou t fa l l .   The re fo re   t he  zone o f   i n f l u e n c e   o f   t h e  
sewage d ischarge on t h e   i n t e r t i d a l   a r e a  can  be s i g n i f i c a n t l y   a l t e r e d   b y  

weather   cond i t ions .  
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