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INTRODUCTION 

Bacter io log ica l   sampl ing   o f   the   two  cond i t iona l l y   approved 

she l l f i sh   g row ing   a reas   i den t i f i ed   i n   t he   Ladysmi th   Harbour  Management p lan  

(EPS, 1985) was conducted  from  June 23 t o  27, 1986. I n   a d d i t i o n ,  

bacter io log ica l   chemical   and  f low measurements  were  taken o f   c h l o r i n a t e d  

e f f l u e n t   a t   t h e   L a d y s m i t h  sewage t r e a t m e n t   p l a n t   a t  a p o i n t   j u s t   b e f o r e  

de-ch lo r ina t ion .  A c h l o r i n e   c o n t a c t  chamber dye  study was also  undertaken as 

suggested by the  1985 mon i to r i ng   repo r t .  An assessment o f   t h e   a l a r m  

p rocedure   f o r   t he   p lan t  was performed i n  accordance  wi th   the  condi t ions 

out1  ined i n   t h e  management p lan  (EPS 1985). 
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2.1 Marine Sampling 
Samples were c o l l e c t e d   d a i l y   a t   a l l   m a r i n e   s t a t i o n s   ( t i d e s  

p e r m i t t i n g )  on b o t h   f l o o d  and  ebb t i des   (F igu re  1). Depth  samples  were a l s o  

c o l l e c t e d   a t   S t a t i o n s  22, 38, 40 and 62. D a i l y   b a c t e r i o l o g i c a l   r e s u l t s   a r e  

presented i n  Appendix 1. Table 1 summarizes the   mar ine   feca l   co l   i foml   da ta  

fo r   the   survey   per iod .  Based on t h i s   d a t a   a l l   s t a t i o n s   w i t h i n   t h e  

conditionally  approved  area  met  the  approved she1 1 f i sh   g rowing   water  

standard. 

TABLE 1 SUMMARY OF BACTERIOLOGICAL  RESULTS  FOR MARINE SAMPLE  STATIONS 

SAMPLE 
STAT1 ON 

LH009 
LH013 
LH019 
LH022 S 
LH022 M ( 2  m) 
LH022 D (5 m) 
LH022 C 
LH030 
LH031 
LH032 
LH034 
LH036 
LH038 S 
LH038 M ( 5  m) 
LH038 D (15 rn) 
LH038 C 
LH040 S 
LH040 M (5 m) 
LH040 D (15 m) 
LH040 C 
LH062 S 
LH062 M (5 m) 
LH062 D (15 m) 
LH062 C 

LH 9,  13,  19, 22 
LH 30,  31,  32, 34 

NUMBER OF 
SAMPLES 

10 
10 
10 

27 
10 
10 
10 
10 
10 

27 

26 

28 
57 
50 

T 
L 

" 

L 

FECAL COLIFORM (MPN/101) m l )  

Range 

< 2 - 5  
( 2 - 2  
( 2 - 2 3  
( 2 - 1 1  
( 2 - 3 1  
( 2 - 5  
( 2 - 3 1  
< 2 - 5  
< 2 - 1 1  
( 2 - 5  
< 2 - 2  
< 2 - 8  
< 2 - < 2  
< 2 - < 2  
( 2 - 7  
( 2 - 7  
< 2 - 2  
( 2 - 2  
( 2 - 1 1  
( 2 - 1 1  
< 2 - < 2  
( 2 - 2  
< 2 - 1 7  
( 2 - 1 7  
< 2 - 3 1  
< 2 - 1 1  

90 Percent i  1 e 

5 
2 

13 
8 
8 
3 
6 
4 
7 
5 
2 
4 

< 2  
< 2  

5 
< 2  
< 2  
< 2  

8 
3 

< 2  
2 
4 
2 
6.0 
5 

1 

S = surface; M = mid-depth; D = 1 m o f f  bottom; C = combined  data, a l l  depths 
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Combined da ta   f o r   s ta t i ons   i n   cond i t i ona l l y   app roved   a rea  CA17-1B 

had a median o f  < 2 FC/100 m l  and a 90 p e r c e n t i l e  o f  6 FC/lOO m l  . Combined 
da ta   fo r   cond i t iona l l y   approved  a rea  CA17-1 produced a median o f  2 FC/100 m l  
and a 90 p e r c e n t i l e   o f  5 FC/lOO m l .  F o r   a l l   s t a t i o n s  and a l l  sample  days 

only  two  counts above standard  were  recorded.  Stat ion 19 produced a c o u n t   o f  

23 FC/100 m l  on June 27 ( f l o o d   t i d e )  and S t a t i o n  22 had a c o u n t   o f  

31 FC/100 m l  on June 24 (ebb t i d e ) .  

S t a t i o n  62 ove r   t he   ou t fa l l   r eco rded  one sample over  standard, 

taken  from a depth o f  15 m (17 FC/100 ml ) .  Combined d a t a   f o r  28 samples 

produced a median o f  < 2 FC/100 m l  and a 90 p e r c e n t i l e   o f  2 FC/lOO m l .  

2.2 Physical  Data 
Sal i n i  ty, temperature  and  dissolved  oxygen measurements  were 

r e c o r d e d   a t  1 m i n t e r v a l s   a t   t h e   o u t f a l l   s t a t i o n  (LH 62) on June 23, 1986. 

Measurements  were made us ing  a Hydrolab  Surveyor I 1  (model 9000). S a l i n i t y  

measurements  on a l l   b a c t e r i o l o g i c a l  samples  were done w i t h  an  American 

Optical  Refractometer. 
P r o f i l i n g   d a t a   f o r   S t a t i o n  LH62 i s  presented i n  Table 2 and 

i n d i c a t e s  a s t r a t i f i e d   w a t e r  column was p resen t   a t   t he   t ime   o f   t he   su rvey .  

Using  these  values i n   t h e  OUTPLM d i l u t i o n  model, t h e   e f f l u e n t  f r o m  the  sewage 

t r e a t m e n t   p l a n t  was p r e d i c t e d   t o  be trapped 4-5 meters  under  the  surface  of 

the   water   w i th  an i n i t i a l   d i l u t i o n   o f   8 0 : l  (Appendix 11). 
S a l i n i t y  measurements ranged  from 21.0 t o  26.0 pp t   f o r   t he   su r face  

s t a t i o n s  and from 22.0 t o  28.0 p p t   f o r   t h e   d e p t h   s t a t i o n s .   R a i n f a l l   d i d   n o t  

occur   dur ing  the  survey  per iod  (Table 3 )  hence t h e   r e l a t i v e l y   h i g h   s a l i n i t i e s  

due t o   t h e  absence o f  f reshwater   inpu t   to   the   harbour .  

2.3 Ladysmi t h  Sewage Treatment P1 an t  Assessment 

2.3.1 A1 arm Procedure.  The  open p e r i o d   f o r   t h e   c o n d i t i o n a l l y  
approved  area i s  dependent on the   opera t ion  o f  the  Ladysmith sewage t reatment  
p l a n t  and the  volume o f   e f f l u e n t  by-passed when the  treatment  system i s  
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TABLE 2 WATER COLUMN P R O F I L E   A T   S T A T I O N  62 - JUNE 23, 1986 

DEPTH 
( m )  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  

S A L I N I T Y  
(PPt) 

21.70 
21.70 
21.90 
22.10 
22.50 
22.70 
22.80 
23.20 
23.30 
23.40 
23.40 
23.50 
23.70 
23.80 
23.90 
24 
24 
24.10 

DISSOLVED OXYGEN 
(mg/ l )  

8.20 
8 
8.10 
7.80 
8 
6.80 
6.60 
6.30 
6.50 
6.50 
6.70 
7.30 
7.10 
7.10 
6.60 
6.10 
6.60 
6.10 

PH 

7.30 
7.40 
7.40 
7.40 
7.40 
7.30 
7.20 
7.20 
7.20 
7.20 
7.20 
7.30 
7.30 
7.30 
7.20 
7.20 
7.20 
7.10 

TEMPERATURE 
( " C )  

16.80 
16.80 
16.10 
14.90 
13.90 
13.10 
12.70 
11.50 
11.3U 
11.20 
11.10 
10.90 
10.80 
10.70 
10.60 
10.40 
10.30 
10.20 

TABLE 3 DAILY  RAINFALL RECORD,  NANAIMO  AIRPORT  (CASSIDY),  JUNE 1986 

JUNE, 1986 

1 
2 
3 
4 
5 
6 
7 

9 
10 

a 

RAINFALL 
( m m )  

N I L  
N I L  
N I L  

TRACE 
N I L  
N I L  

TRACE 
N I L  
N I L  
N I L  

JUNE, 1986 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

RAINFALL 
(mm 1 

N I L  
N I L  

.60 
6.30 
7.60 
4.50 
1.20 
2.40 
7.80 
N I L  

JUNE,  1986 

21 
22 
23* 
24* 
2 5* 
26* 
27* 
28 
29 
30 

RAINFALL 
(mm) 

N I L  

N I L  
N I L  
N I L  
N I L  
N I L  
4.50 

.80 

3.70 

denotes sampl i n g  day 
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overloaded. These condi t ions  are  monitored  by  three  alarm  systems  which will 
engage under  the  fo l lowing  c i rcumstances: 

I )  c h l o r i n e   f a i l u r e  i) loss o f   c h l o r i n e  gas pressure  through  the 

rotameter, 

i i ) loss   o f   water   p ressure ;  

2 )  bypass  (over f low)   o f  30 IMP gal /min (1% o f   t h e   f l o w  on the 
o v e r f l o w   t r a n s m i t t e r )   f o r  more than 2 hours; 

3 )  power f a i l u r e   f o r  more than one hour. 

When one o r  more o f  t hese   cond i t i ons   a re   ne t ,   t he   con t ro l l e r  sends 

a s ignal   through  the phone l i n e   t o  a 24 hour  answering  service  (Sounder  Alarm 

ti Power Ltd.)  i n  Duncan. The a l a r m   c o n d i t i o n   i s   i d e n t i f i e d  by   the   fo l low ing  

codes. 

CODE 4 - C h l o r i n e   f a i l u r e  

CODE 5 - Power f a i l u r e  

CODE 6 - O v e r f l o w   f a i l u r e  

The answer ing  serv ice  then  contacts   the  fo l lowing phone numbers i n  

sequence. 

Public  Works Yard 

City H a l l  
Br ian  Mattershead (STP Operator)  

B i  11 Bonsal l  

John  Vreel i ng 

Tommy  C1 oke 

245-2433 (working hours) 
245-2218 (work ing  hours)  

245-4779 

245-7691 

245-3364 

245-3558 

203.2 EPS Alarm  Test. On June 23, the  Environmental   Protect ion 
S e r v i c e   i n i t i a t e d  a s e r i e s   o f   t e s t s   s i m u l a t i n g   a l a r m   c o n d i t i o n s .  The power 

f a i l u r e   a l a r m  system d id   no t   respond  because o f  a m a l f u n c t i o n   i n   t h e  

c o n t r o l l e r .  The a la rm  sys tem  responded  sa t is fac to r i l y   to   the   ch lo r ine  

f a i l   u r e / l  ow water  pressure  and  bypass  s i tuat ions.  
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On July 29, 1986 EPS personnel were  informed  by J .  Vreel ing, Works 
Superintendant, t h a t  the power failure alarm  system had been repaired and 
operated satisfactorily when tested. 
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3.1 Resu l ts  and  Discussion 

3.1.1 Dye Study. A p r i m a r y   c o n s i d e r a t i o n   i n   t h e   d e s i g n   o f  a c h l o r i n e  
con tac t  chamber i s   t h a t   t h e   h y d r a u l i c   c h a r a c t e r i s t i c s   o f   t h e   r e a c t o r  

incorpora te  a minimum o f   c h l o r i n e  usage w i t h  a maximum o f  exposure t o   t h e  

microorganisms  present i n   t h e   e f f l u e n t  (EPA, 1979).  Tracer  studies, and the  
resu l   t i ng   d i spe rs ion   f l ow   cu rve ,   a re   t he   mos t  common approach t o   a n a l y z i n g  

t h e   h y d r a u l i c   e f f i c i e n c y   o f  a con tac t  chamber (F igure  2 ) .  
The i d e a l   s i t u a t i o n  i n  the   des ign   o f  a ch lo r i ne   con tac t  chamber i s  

t o  achieve  p lug  f low.  The c l o s e r   h y d r a u l i c   f l o w   p a t t e r n s   a r e   t o   a c h i e v i n g  

p lug   f l ow   the  more e f f i c i e n t  will be t h e   d i s i n f e c t i o n   c h a r a c t e r i s t i c s   o f   t h e  

chamber. The hyd rau l i c   cha rac te r i s t i c   p lug   f l ow   assu res   t ha t  each p a r t   o f  

t h e   f l u i d   e n t e r i n g  a chamber will pass  evenly and cons tan t ly   th rough  the  

chamber so tha t   ac tua l   res idence  t ime will equal  theoret ical   residence  t ime. 
Flow  through  the  tank i n   t h i s  manner decreases  undesirable  tank  condi t ions 

such  as dead spaces, s h o r t   c i r c u i t i n g ,  eddy c u r r e n t s ,   s p i r a l  1 ing,   and  so l   ids  

depos i t i on  (Kothandaraman  and  Evans,  1974). 

Marshe  and  Boyle  (1973)  have  determined  that  the  dispersion  index 

d and the   Mor r i l   index ,   tgO/ t10 ,   were   the   s t ronges t   s ta t i s t i ca l   and 

convent ional   parameters  to   descr ibe  the  hydraul ic   per formance  o f  a con tac t  
chamber i n  terms o f   p lug   f low  per fo rmance.   For  good p lug   f l ow   cond i t i ons  

(smal l  amounts o f   d i s p e r s i o n )  d approaches  zero  whi le   the  Morr i l   index 

approaches 1.0. Conversely  as  f low i n   t h e  chamber approaches  condi t ions  o f  

complete  mix  or  backmix, d i n c r e a s e s   t o   i n f i n i t y ,  a1 though  values > 0.025 

ind i ca te   i n te rmed ia te  amounts o f   d i s p e r s i o n  and  values > 0.2 i n d i c a t e   l a r g e  

amounts o f   d isper ions .   Mor r i l   index   va lues  > 3 i n d i c a t e   l a r g e  amounts o f  

d ispers ion.  

Four  separate dye t r a c e r   s t u d i e s  were perforined on the   ch lo r i ne  

con tac t  chamber a t   t he   Ladysmi th   t rea tmen t   p lan t  between  June 23 and  June 27.. 
On each  occasion a s l u g   o f  Rhodamine WT dye was i n j e c t e d   i n t o   t h e   i n f l u e n t  

p i p e   o f   t h e  chamber a t  a p o i n t   j u s t   p r i o r   t o   c h l o r i n e   a d d i t i o n .   C h l o r i n e  gas 

i s   f l o w - p r o p o r t i o n a l l y   f e d   t o  a w a t e r   l i n e   t h a t   j o i n s   t h e   e f f l u e n t   p i p e   j u s t  
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prior  to  the  contact chamber (Figure 3 ) .  This method of chlorine  addition 
should  achieve good i n i t i a l  m i x i n g ,  result ing i n  uniform contact of chlorine 
w i t h  the microorganisms. Dye concentrations were  measured w i t h  a Turner 
Designs Model 10 fluorometer a t  the  exit  of the  contact chamber. 

Tracer  curves  for  the  four  tests  are  presented i n  Figure 4 and 
resul ts  from these  tests  are  presented i n  Table 4.  The Dispersion Index for 
this chamber was 0.061 and the Morril Index was 2.53 (mean value i n  each 
cases). B o t h  indices  suggest t h a t  there is  bet ter  than an intermediate 
amount of dispersion. The  mean time for the i n i t i a l  appearance of the dye 
was 18.75 minutes  while the  average  residence time was 81 minutes. 

The ratio  ta/T  gives an indication of  dead space i n  the  contact 
chamber. Dead space  decreases  the  overall  disinfection  efficiency of the 
chamber by creating  solids accumulation and result ing i n  an increased 
chlorine demand. For a chamber that  has no dead spaces,  the  average 
detention time would be equal to  the  theoretical  detention time hence 
ta/T = 1. The mean value for  ta/T  for  this chamber was 0.94. This value 
could however, be biased h i g h  because t a  could be considerably  greater i f  
dye  were caught i n  dead spaces  then slowly released through the la t te r   s tages  
of the  study. This is  indicated by ta i l ing  out  of the  curve on the 
dispersion p l o t  as shown t o  be the  case i n  this p l a n t  (Figure 4 ) .  

Length-to-width rat ios   a lso play an important  part i n  the 
design of a contact chamber i n  that  the  greater  the  length-to-width  ratio  the 
c loser  a chamber will  be t o  achieving p l u g  flow. A m i n i m u m  of 40:l i s  
required t o  achieve optimum p l u g  flow performance (Marske and Boyle, 1973). 
The length-to-width ratio for ths contact chamber i s  22:1, t a k i n g  i n t o  
account  the  underflow/overflow baffle system. A lower L/W r a t io  has the 
e f f ec t  of decreasing  the  contact time and thereby requiring a higher dose o f  
chlorine t o  accomplish the  required k i l l  of bacteria. 
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4 OPERATIONAL PERFORMANCE 

4.1 E f f l u e n t  
B a c t e r i a l  and  chemical  (chlorine)  analyses  were  carr ied  out 

simultaneously  with  the  marine  sampling  program. I n   c e r t a i n  cases  sampling 

was a lso   concur ren t  t o  the  dye  study.  Results  for  the  f ive  sampling  days  are 
shown i n  Table 5. Those  samples  marked w i t h  an as te r i sk   a re  samples  taken 

du r ing  a dye study. 

H igh   feca l   co l   i fo rm  va lues  were recorded on t h e   f i r s t   f o u r  days o f  

the  s tudy.   Col i form  leve ls   throughout   the  s tudy  per iod were no t   cons i s ten t ,  

bu t   ra the r   t ended   to   f l uc tua te .  On June 26 the  ch lor ine  feed  system was 

found t o  b e   l e a k i n g   a t   t h e   p o i n t   o f   i n j e c t i o n   t o   t h e   e f f l u e n t   p i p e  and was 

subsequent ly   repai red  that   a f ternoon.  

Sample numbers 5, 6, 9 and 11 recorded some o f   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 s  (58,000, 320,000, 60,000, and 9200 FC/100 m l ) ,   wh i l e   t he  
l owes t   ch lo r i ne   res idua ls  were  recorded i n  6 and 9. Chlor ine  measurements 

were n o t  done f o r  sample number 11, however t h i s  was t h e   l a s t  sample  taken 

b e f o r e   r e p a i r s  were made and  subsequent   da ta   ind ica te   tha t   su f f i c ien t  

c h l o r i n e  was p r e s e n t   t o   e f f e c t  an adequate k i l l   o f   b a c t e r i a .  

4.2 S1 udge 
Dur ing   the  EPS survey o f  Ladysmith  Harbour i n  1983  (Kay  and  Walker, 

1985) an assessment o f  the t rea tment  p l a n t  found t h a t  mercury levels i n  the 
sludge  were  high (7.14 mg/kg i n   t h e   s t a b i l i z e d   l a y e r ) .  

D u r i n g   t h i s   s t u d y   r e p l i c a t e  samples o f  the  sludge  produced Hg 

v a l u e s   o f  1.82 and 1.49 mg/kg. The sludge age i n   t h i s  case was n o t   o l d  

because the   d iges ter   had  recent ly  been  drawn down and  wasted  through  the 

o u t f a l l  . 
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TABLE 5 BACTERIOLOGICAL,  FLOW AND CHLORINE  RESIDUAL  DATA  FOR  LADYSMITH 
STP 

DATE 
NUMBER (gpm) 1986 

C H L 0 R I N E MF/100 ml SAMPLE FLOW TIME 

FREE TOTAL 

June 23 

- - 20 15 310  16:OO June 27 
1.25 0.3" 120 14* 330 13:30 June 27 
1.2 0.45* 470  13* 400 10:  54 June 27 
0.15 0.2 . 170 12 320  17:  10 June 26 
- - 9 9 200 11 380 12:oo June 26 
0.3 0.15  260 10 420 08:45 June 26 
0.05 0.05 60,000 9 340  18: 00 June 25 
0.25 0.05 740 8 320 16:  20 June 25 
- - 50 7 400 11:oo June 25 
0.1 0 320,000 6 340  18:  10 June 24 
0.2 0.75  54 000 5 300  14:45 June 24 
1.05 1.45*  220 4* 420 1o:oo June 24 
- ,* 4,600 3* 340  19: 15 June 23 
- ,* < 10 2* 330  10:30 June 23 
- - 50 1 420 10: 00 

- 

* taken d u r i n g  dye study 
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CONCLUSIONS AND OBSERVATIONS 

1. 

2. 

3.  

4.  

5 .  

6. 

7. 

The waters   o f   cond i t iona l l y   approved  a rea  CA17-1B (Inner  Harbour)  met  the 

approved  shel l   f ish  growing  water  standard.  

The waters   o f   cond i t iona l l y   approved  a rea  CA17-1 (Outer  Harbour)  met  the 

approved shel l f ish  growing  water   s tandard.  

The d i s c h a r g e   o f   c h l o r i n a t e d  sewage from  the  Ladysmi t h  Treatment  Plant 

d i d   n o t   r e s u l t   i n  measureable  contamination in   the   mar ine   waters .  

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

t e s t .  The alarm was subsequent ly   repai red  and  repor ted  funct ion ing 

normal 1 y . 
Adequate d i s i n f e c t i o n   o f   t h e   f i n a l   e f f l u e n t  was no t   t ak ing   p lace   du r ing  a 

p o r t i o n   o f   t h e   s u r v e y  due t o  a leak i n  t h e   c h l o r i n e   i n j e c t i o n  system. 

Th is  was repaired  dur ing  the  survey. 

As ind ica ted   by  Shepherd (1982), and f u r t h e r   v e r i f i e d   b y   t h e   r e s u l t s   o f  

t h i s   s tudy ,   t he   des ign   o f   t he   con tac t  chamber at   the  Ladysmi th  t reatment  
p l a n t   i s  somewhat less  than  opt imal .  T h i s  i n  p a r t  i s  due t o   t h e   s m a l l  

l e n g t h - t o - w i d t h   r a t i o  and the  design o f  t h e   b a f f l e  system. The use o f  

b a f f l e s  can  improve  the   e f f i c iency   o f  a chamber by  increas ing  the 

l eng th - to -w id th   ra t i os .  However, i n  t h i s  case, the  d ispersion  index  and 

t h e   M o r r i l   i n d e x   b o t h   i n d i c a t e   b e t t e r   t h a n   i n t e r m e d i a t e  amounts o f  

d ispers ion.   Th is  i s   l i k e l y  due t o   t h e   c r e a t i o n   o f  dead  space  by the  

under f l ow /ove r f l ow   ba f f l es  and t o  a l e s s e r   e x t e n t   t h e   l o n g i t u d i n a l  

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

one end o f   t h e  chamber. 

The d a t a   i n d i c a t e   t h a t   t h e   p r e s e n t  dosage o f   c h l o r i n e   i s  adequate i n  

reduc ing   bac te r ia  t o  acceptable  Jevels  provided  the  chlor inat ion  system 
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i s   n o t   m a l f u n c t i o n i n g .  However, i f  problems e x i s t   i n   t h e   c h l o r i n a t i o n  

system  such as t h o s e   i d e n t i f i e d   i n   b o t h   t h e  1986 and the  1985 mon i to r i ng  

program  (and  s ince  the  out fa l l  can  no l o n g e r   a c t  as a second contac t  

chamber  because o f   d e c h l o r i n a t i o n ) ,   b a c t e r i a   l e v e l s  may n o t   b e  

s u f f i c i e n t l y  reduced i n   t h e   e f f l u e n t ,  and the   po ten t ia l   fo r   con taminat ion  
o f   t he   su r round ing   she l l f i sh   g row ing   wa te rs   ex i s t s .  

8. A h i g h   c o n c e n t r a t i o n   o f   s o l i d s  was observed i n   t h e   e f f l u e n t  moving  over 

the   sp i rages te r   we i r s   i n to   t he   ch lo r i ne   con tac t  chamber. This  problem 

r e p o r t e d l y  worsened  toward  the  end o f   t h e   c o n d i t i o n a l l y  open pe r iod  

( J .  Vreel  ing,  pers. comm. 1. T h i s   i s  due to   t he   l eng thy  amount o f   h o l d i n g  

t ime   requ i red   f o r   t he   accumu la t i on   o f   so l   i ds   du r ing   t he   cond i t i ona l l y  

open per iod.  The d e p o s i t i o n   o f   s o l i d s   i n   t h e   c o n t a c t  chamber c rea tes  a 

h igher  demand f o r   c h l o r i n e  and r e s u l t s   i n  a decrease i n   t h e   r e d u c t i o n   o f  

b a c t e r i a   i n   t h e   f i n a l   e f f l u e n t .  
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RECOMMENDATIONS 

1. A. complete  a larm  test   should be c a r r i e d   o u t  once  per week du r ing   t he  

condi t ional ly  approved  opening  (area CA17-1). 

2. Ch lo r ine   res idua ls   a re   genera l l y  done by   t he   p lan t   ope ra to r   a t   t he  same 

t ime  each  morning,  usual ly i n   con junc t i on   w i th   t he   da i l y   ma in tenance  

operations  between 8 and 10 a.m. Ch lor ine   res idua ls   shou ld  be taken 
du r ing  peak f lows when c h l o r i n e  demand i s   h i g h  and contact   t ime i s   a t  a 

minimum. 

3. The a1 arm monitor ing  procedure  should be a c t i v a t e d  14 days p r i o r   t o   t h e  

opening o f   cond i t iona l l y   approved  a rea  CA17-1. 

4. Copies o f   f l o w   r e c o r d i n g   c h a r t s   f o r   t h e   p l a n t  and  bypass,  and the  

t o t a l i z e d   d a i l y  volume d ischarges  for  each  month  were no t   p rov ided   t o   t he  

Environmental   Protect ion  Service  dur ing  the open pe r iod  as d e t a i l e d   i n  

Appendix VI(3) o f   t h e  Management P1 an. The Town o f  Ladysrni t h  should be 

adv i sed   o f   t h i s   requ i remen t .  

5. Due t o   t h e  decrease i n   e f f l u e n t   q u a l i t y  and d i s i n f e c t i o n   e f f i c i e n c y  
caused  by  the  loss  of   sol   ids  towards  the  end  of   the  condi t ional ly 

approved  opening,  weekly  status  reports on e f f l u e n t   q u a l i t y   s h o u l d  be 

obtained  by EPS and  monthly  operat ional   audi ts  should be conducted. 
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A P P E N D I X  I 

i A B L E  : Dai ly  D a t a  Record f o r  
( Area LH 

t ion  Latitude  Longitude  Date 

09  49   01 .02   123  50 .27   86 /06 /23  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  

13   49   00 .56   123   50 .10   86 /06 /23  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  

19   49   00 .48   123  50 .00   86 /06 /23  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  

22 49   00 .38   123  49 .35   86 /06 /23  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 5 .  
8 6 / 0 6 / 2 5  

8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  

86-fO6/25 

Marine  Sample S t a t i o n s  

Ti me Ti de F e c . C o l i f .  

1 0 3 0  
1 7 0 5  
0825 
1 8 2 0  
0 8 4 5  
1 7 1 5  
1 0 0 5  
1 6 1 0  
0 7 2 5  
1 3 4 5  

1 0 4 0  
1 7 1 0  
0 8 2 5  
1 8 2 5  
0 8 5 0  
1 7 2 0  
1 0 1 0  
1 6 1 5  
0 7 3 0  
1 3 5 0  

1 0 4 5  
1 7 1 0  
0 8 3 0  
1 8 2 5  
0 8 5 0  
1 7 2 0  
1 0 1 0  
1 6 1 5  
0 7 3 0  
1 3 5 0  

1 0 5 0  
1 7 1 5  
1 7 1 5  
1 7 1 5  
0 8 3 5  
083 5 
0 8 3 5  
1 6 5 5  
1 6 5 5  
1655  
0 9 2 0  
0 9 2 0  
0 9 2 0  
1 5 3 0  
1 5 3 0  

Ebb 
F 1  ood 
Ebb 
F 1  ood 
Ebb 
F 1  ood 
Ebb 
F 1  ood 
F1 ood 
Ebb 

Ebb 
F 1  ood 
Ebb 
F 1  ood 
Ebb 
F 1  ood 
Ebb 
F 1  ood 
F1 ood 
Ebb 

Ebb 
F 1  ood 
Ebb 
F 1  ood 
Ebb 
F 1  ood 
Ebb 
F 1  o o d  
F 1  ood 
Ebb 

Ebb 
F 1  ood 
F 1  ood  
F 1  ood 
Ebb 
Ebb 
Ebb 
F 1  ood 
F1 ood 
F 1  ood 
Ebb 
Ebb 
Ebb 
F 1  ood 
F1 ood 

5 
( 2  

5 
( 2  

5 
< 2  
< 2  

2 
4 

< 2  

2 
< 2  
(2 

2 
2 
2 
2 

(2  
< 2  

2 

2 
2 

11 
2 
5 

( 2  
1 3  

2 
23 
(2 

(2  
< 2  
< 2  

2 
11 
3 1  

2 
2 

<2 
2 
8 
4 

< 2  
2 
2 

Sal i n i   t y  

23.5 
24.0 
23.5 
23.5 
25.5 
24.0 
23.5 
23.5 
22.5 
24.0 

22.0 
24.0 
2 3 . 5  
24.0 
26.0 
24.0 
23.5 
23.5 
22.0 
24.5 

23.0 
23.0 
23.5 
24.0 
24.5 , 

24.0 
23.5 
24.0 
23.0 
23.0 

23.5 
23.5 
24.0 * 
24.0  * 
24.0 
24.0 * 
24.5 * 
24.0 
24.5 * 
25.0 * 
24.0 

..23.5 * 
24.5 * 
25.0 
25.0 * 

depth  sample 
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A P P E N D I X  I 

TABLE : D a i l y   D a t a   R e c o r d   f o r   M a r i n e   S a m p l e   S t a t i o n s  
( A r e a  LH ) 

t i o n   L a t i   t u d e   L o n g i t u d e   D a t e   T i m e   T i d e   F e c . C o l i f .   S a l i n i t y  

22 c o n t i n u e d . . .  86/06/25  1530 
86/06/26  0845 
86/06/26  0845 
86/06/26  0845 
86/06/26  1610 
86/06/26  1610 
86/06/26  1610 
86/06/27  0720 
86/06/27  0720 
86/06/27  0720 
86/06/27  1350 
86/06/27  1350 

30  48 59.33 123 47.38 86/06/23  0850 
86/06/23  1810 
86/06/24  0930 
86/06/24  1710 
86/06/25  0940 
86/06/25  1555 
86/06/26  0905 
86/06/26 1715 
86/06/27  0830 
86/06/27  1450 

F1 o o d  
Ebb 
Ebb 
Ebb 
F1 ood 
F1  ood 
F1  ood 
F1  ood 
F1 ood  
F1  ood 
Ebb 
Ebb 

Ebb 
F1 o o d  
Ebb 
F1  ood 
Ebb 
F1  ood 
Ebb 
F1  ood 
H i g h   S l a c k  
L o w  S1 a c k  

31 48 59.29 123 47.19 86/06/23  0905 Ebb 
86/06/23  1810 F1  ood 
86/06/24  0930 Ebb 
86/06/24  1715 F1  ood 
86/06/25  0945 Ebb 
86/06/25  1555 F1  ood 
86/06/26 0905 Ebb 
86/06/26  1715 F l o o d  
86/06/27  0825 H i g h   S l a c k  
86/06/27  1450 Low S l a c k  

32 48 59.34 123 47.22 86/06/23  0855 
86/06/23  1815 
86/06/24  0935 
86/06/24 1755 
86/06/25  0940 
86/06/25  1630 
86/06/26  0900 
86/06/26  1720 
86/06/27  0835 
86/06/27  1455 

34 48 59.21 123 46.36 86/06/23  0910 

Ebb 
F1  ood 
Ebb 
F1  ood 
Ebb 
F1  ood 
Ebb 
F1  ood 
H i g h  S1 a c k .  
Low S l a c k  

Ebb 

25.0 * 
24.0 
23.5 * 
24.5 * 
24.0 
23.5 * 
23.5 * 
22.5 
22.5 * 
23.0 * 
23.0 
23.0 * 
24.0 
23.5 
25.0 
25.0 
25.0 
25.0 
23.0 
22.0 
22.0 
21.5 

24.5 
23.5 
24.5 
25.0 
25.0 
25.0 
23.0 
22.0 
21.5 
21.5 

24.0 
23.0 
24.5 
25.0 
25.5 
25.0 
23.0 
-23.0 
..22.5 
22.0 

23.5 

"Z"  

lepth sample 
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A P P E N D I X  I 

TABLE : Da i l y  D a t a  R e c o r d   f o r   M a r i n e   S a m p l e   S t a t i o n s  
( A rea  LH ) 

t i o n   L a t i   t u d e   L o n g i t u d e   D a t e   T i m e   T i   d e   F e c . C o l i f .   S a l i n i t y  

34 c o n t i n u e d . .  . 86/06/23 
86/06/24 
86/06/24 
86/06/25 
86/06/25 
86/06/26 
86/06/26 
86/06/27 
86/06/27 

36 48 59.08 123 46.24 86/06/23 
86/06/23 
86/06/24 
86/06/24 
86/06/25 
86/06/25 
86/06/26 
86/06/26 
86/06/27 
86/06/27 

38 48 58.59 123 46.58 86/06/23 
86/06/23 
86/06/23 
86/06/23 
86/06/24 
86/06/24 
86/06/24 
86/06/24 
86/06/24 
86/06/24 
86/06/25 
86/06/25 
86/06/25 
86/06/25 
86/06/25 
86/06/25 
86/06/26 
86/06/26 
86/06/26 
86/06/26 
86/06/26 
86/06/26 
86/06/27 
86/06/27 
8 6 / 0 6 / 2 7  
86/06/27 

1740 
090  5 
1720 
0945 
1600 
0910 
1645 
0820 
1445 

0910 
1735 
0905 
1720 
0945 
1605 
0910 
1640 
0815 
1440 

0915 
1745 
1745 
1745 
0910 
0910 
0910 
1725 
1725 
1725 
0955 
0955 
0955 
1605 
1605 
1605 
0915 
091 5 
0915 
1650 
1650 
1650 
0805 
0805 
0805  
1430 

F1 ood 
Ebb 
F1  ood 
Ebb 
F1  ood 
Ebb 
F1  ood 
H i g h   S l a c k  
Low S1 ack  

Ebb 
F l o o d  
Ebb 
F1  ood 
Ebb 
F1  ood 
Ebb 
F1  ood 
H i g h  S1 ack 
Low S l a c k  

Ebb 
F1  ood 
F1  ood 
F1  ood 
Ebb 
Ebb 
Ebb 
F1  ood 
F1  ood 
F1 ood 
Ebb 
Ebb 
Ebb 
F l o o d  
F1  ood 
F1  ood 
Ebb 
Ebb 
Ebb 
F1  ood 
F1  ood 
F1  ood 
H i g h  S1 ack  
H i g h  S1 ack  
H i g h  S1 ack  
Low S l a c k  

23.5 
24.5 
24.5 
25.5 
25.0 
23.5 
21.0 
22.0 
22.0 

23.5 
24.0 
25.0 
25.0 
25.0 
25.0 
22.5 
21.5 
22.0 
22.0 

24.0 
25.0 
25.0 * 
26.0 * 
24.5 
25.0 * 
26.0 * 
25.0 
25.0 * 
28.5 * 
25.0 
25.0 * 
25.5 * 
25.0 
25.0 * 
26.0 * 
23.0 
24.0 * 
25.5 * 
22.5 
23.0 * 
-25.5 * 
.22.0 
22.0 * 
25.0 * 
22.5 

lepth sample 
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A P P E N D I X  I 

T A B L E  : Daily Data  Record f o r  Marine  Sample S t a t i o n s  
( Area LH 

t ion  Lati   tude  Longitude Date Time Ti de F e c . C o l i f .   S a l i n i t y  

38 c o n t i n u e d . .  . 8 6 / 0 6 / 2 7   1 4 3 0  Low Slack 

40  48   59 .17   123  47 .43   86 /06 /23  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  
8 6 / 0 6 / 2 7  

62   48   59 .00   123   47 .25   86 /06 /23  
86/06/23 
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 3  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 4  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 5  
8 6 / 0 6 / 2 6  
8 6 / 0 6 / 2 6  

0 9 2 0  Ebb 
1 8 0 0  F 1  ood 
1 8 0 0  F 1  ood 
0 9 2 0  Ebb 
0 9 2 0  Ebb 
0 9 2 0  Ebb 
1 7 4 5  F1 ood 
1 7 4 5  F 1  ood 
1 7 4 5  F1 ood 
1 0 1 0  Ebb 
1 0 1 0  Ebb 
1 0 1 0  Ebb 
1 6 2 0  F 1  ood 
1 6 2 0  F 1  ood 
1 6 2 0  F 1  ood 
0 9 3 0  Ebb 
0 9 3 0  Ebb 
0 9 3 0  Ebb 
1 7 0 0  F 1  ood 
1 7 0 0  F 1  ood 
1 7 0 0  F1 ood 
0 7 4 5  High Slack 
0 7 4 5  High Slack 
0 7 4 5  High Slack 
1 4 1 0  Low Slack 
1 4 1 0  Low Slack 

0 9 2 0  
1800 
1 8 0 0  
1 8 0 0  
0 9 1 5  
0915 
0 9 1 5  
1 7 3 5  
1 7 3 5  
1 7 3 5  
1 0 2 0  
1 0 2 0  
1 0 2 0  
1 6 1 0  
1 6 1 0  
1 6 1 0  
0 9 2 5  
0 9 2 5  

Ebb 
F1 ood  
F1 ood 
F 1  ood 
Ebb 
E b’b 
Ebb 
F 1  ood 
F1 ood 
F 1  o o d  
Ebb 
Ebb 
Ebb 
F 1  ood 
F 1  ood 
F 1  ood 
Ebb 
Ebb 

7 

< 2  
2 

22.0 * 
24.0 
23.5 
25.0 * 
24.5 
24.5 * 
26.0 * 
24.5 
25.5 * 
26.5 * 
25.0 
25.5 * 
25.0 * 
24.5 
25.0 * 
26.5 * 
23.0 
23.0 * 
26.0 * 
22.0 
23.0 * 
25.5 * 
22.0 
23.0 * 
26.5 * 
25.5 
22.5 * 
24.0 
2 4 . 0  
25.0 
25.5 
24.5 
24.5 
25.5 
24.5 
25.0 
27.0 
23.5 
24.0 
25.0 
.24.5 
.25.0 
26.0 
23.0 
23.0 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

? p t h  sample 
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A P P E N D I X  I 
TABLE : D a i l y   D a t a   R e c o r d   f o r   M a r i n e   S a m p l e   S t a t i o n s  

( A r e a  LH 1 

i t i o n   L a t i   t u d e   L o n g i t u d e   D a t e   T i m e   T i d e   F e c . C o l i f .   S a l i n i t y  

162 c o n t i n u e d . .  . 86/06/26  0925 
86/06/26 1655 
86/06/26  1655 
86/06/26  1655 
86/06/27  0755 
86/06/27  0755 
86/06/27  0755 
86/06/27  1420 
86/06/27  1420 
86/06/27  1420 

Ebb 
F1 ood  
F1  ood 
F1  ood 
H i g h  S1 ac k 
H i g h   S l a c k  
H i g h  S1 ack  
Low S1 a c k  
Low S l a c k  
Low S l a c k  

25.0 * 
22.0 
23.0 * 
26.0 * 
22.0 
22.0 * 
25.0 * 
23.0 
23.0 * 
25.0 * 

depth  sample 
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APPENDIX I 1  OUTFALL  PLUME I N  A  FLOWING  STRATIFIED  MEDIA - Model OUTPLM 

I N I T I A L  DATA - LADYSMITH  JUNE 23/86 

OUTFALL  DEPTH .... 17.00 m 
DIAMETER . .610 m 
ANGLE ..  .. 0.00 deg up 

EFFLUENT FLOW RATE 
HOR. VEL. 
VER. VEL. 

PLUME RADIUS ..... 
THICKNESS .. 
TEMPERATURE 
S A L I N I T Y  ... 
DENSITY . . . . 

CURRENT VELOCITY . 
AMB I ENT 
CONDITIONS: POINT 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

2782.0 cu*m/d 
.110 m/sec 

0.000 m/sec 
.305 m 
.305 m 
15.00 deg.C 
1.000 p p t  
1.000 gm/cu cm 
.010 m/sec 

DEPTH 
(m) 

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
11.0 
12- 0 
13. by". 

15.0 
17.0 

MAX. HORIZONTAL  DISTANCE 
VERTICAL  DISTANCE 

MAX. No. OF CALCULATIONS 
CALCULATIONS PER L I N E  ... 
IMPIIJGEMENT  COEFFICIENT . 
ASPIRATION  COEFFICIENT . 
VELOCITY FACTOR ( K )  . . . . . 
FROUDE  NUMBER ( F R )  . . . . . . 
VOLUME RATE OF DISCHARGE 

TEMPERATURE 
( " C )  

16.80 
16.80 
16.10 
14.10 
13.90 
13.10 
12.70 
11.50 
11.30 
11.20 
10.90 
10.80 
10.70 
10.40 
10.20 

S A L I N I T Y  
( PPt) 

21.700 
21.700 
21.900 
22.100 
22.500 
22.700 
22.800 
23.200 
23.300 
23.400 
23.500 
23.700 
23.800 
24.000 
24.100 

SIGMA 
( T I  

15.431 
15.431 
15.730 
16.275 
16.619 
16.918 
17.064 
17.573 
17.683 
17.776 
17.900 
18.071 
18.163 
18.364 
18.472 

1000 m 
500 m 
1000 
50 

1.000 
.loo 

11.018 
.331 
.032 

DENSITY 
(gm/cu*cm) 

1.015 
1.015 
1.016 
1.016 
1.017 
1.017 
1.017 
1.018 
1.018 
1.018 
1.018 
1.018 : 

1.018 
1.018 
1.018 
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