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ABSTRACT 

The operation and  performance of the  Merritt Sewage Treatment 
Plant was evaluated over a 5-day period. Composite samples froln three 
locations  in  the  plant were analysed for  numerous parameters  including 
metal s. Grab sarnpl es from several  locations  in  the  plant and  the  receiv- 
ing  waters were analysed for  indicator  bacteria, and  a continuous 96-hour 
fish  bioassay was run on the  final  effluent. The diurnal  flow  pattern 
a n d  i t s   e f f ec t  on plant performance, as well as on the  operation o f  i n d i -  

vidual components, are  discussed and reconmendations are made t o  improve 
treatment  efficiency. Consequent  irnproved effl  uent qual i t y  will  reduce 
the impact  on the  fishery  resources of the Coldwater and Nicol a Rivers. 



RESUME 

L'usine d ' g p u r a t i o n  de Merritt a iitii soumise pendant 5 jours 
consiicutifs i une gvaluation p o r t a n t  sur l e  mode de fonctionnement e t   l e  
rendernent. On a analysii  des  iichantillons  pris i trois  endroits 
diffiirents de l 'us ine ,   a f in  de dgten iner  de  nombreux pararngtres, d o n t  
ceux des mgtaux. On a priilevG des gchantillons i diffgrents  endroits de 
l 'us ine ,  au hasard,  analysii l c s  eaux riiceptrices a f i n  d'en  Gtudier l e s  
bactiiries  indicatrices  et, pendant 96 heures,  effectuii un  dosage 
biologique dans l ' e f f l  uent f i na l ,  'a l ' a ide  de poissons. En corriilation 
avec les  fluctuations du d G b i t  diurne,   le rendernent  de l ' u s i n e   e t   l e  
fonctionnement de ses  diverses  parties o n t  f a i t   l ' o b j e t  d'une Gtude 
spiiciale  et des recommandations ont  iitg f a i t e s  en  vue de rendre 
1 ' E p u r a t i o n  plus  efficace.  L'obtention d ' u n  rneilleur  effluent  riiduira 
l e s   e f f e t s  de ce  dernier  sur  les  ressources  halieutiques des r iv i s res  
Coldwater e t  Nicol a. 
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The p l a n t ,   p a r t i c u l a r l y   s e c o n d a r y   c l a r i f i c a t i o n ,   i s   h y d r a u l i c a l l y  

ove r loaded   fo r   seve ra l   hou rs   eve ry  day. 

The ave rage   da i l y   pe r   cap i ta   d ry   wea the r  sewage volume o f  475 

l i t r e s  (125 USG) i s   h i g h e r   t h a n  normal  and may be  due t o   e x c e s s i v e  

wa te r  usage. 

W i t h   t h e   e x i s t i n g   d i u r n a l   f l o w   v a r i a t i o n   t o   t h e   p l a n t  and t h e  

manual mode o f   o p e r a t i o n   f o r   t h e   a p p l i c a t i o n   o f  alum, c h l o r i n e ,  

and  sodium s u l f i t e  i t  i s   i m p o s s i b l e   f o r   t h e   i n t e n d e d   t r e a t m e n t   b y  

these   chemica ls   t o  be c o n s i s t e n t l y   e f f e c t i v e .  

Because o f   t h e   c o n s i s t e n t   d i u r n a l   f l o w   p a t t e r n ,   f l o w   e q u a l   i z a t i o n  

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

e f f l   u e n t   q u a l  i ty. 

Even w i t h   f l o w   e q u a l i z a t i o n  and all u n i t s   o f   t h e   e x i s t i n g   t r e a t -  

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

qual  i t y  w i  11 n o t  1 i k e l y   c o n s i s t e n t l y  meet t h e   p e r n i t   r e q u i r e m e n t  

o f  15  m y / l i t r e   f o r  BO95 and n o n - f i l t e r a b l e   r e s i d u e .  

Land  disposal  o f  t h e   t r e a t e d   e f f l u e n t   a p p e a r s   t o  be t h e  most 

envi  ronrnental l y  sound a1 t e r n a t i v e   f o r   t h i s   s i t e .  

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

1 eve1 s, however ,   are  qu i te   low  presumably  due t o   n a t u r a l   d i e o f f  

and d i l u t i o n .   F u r t h e r   i n v e s t i g a t i o n   i s   r e q u i r e d   t o   s u b s t a n t i a t e  

t h e   n e c e s s i t y   f o r   e f f l u e n t   c h l o r i n a t i o n   t o   p r o t e c t  downstream 

water   suppl   ies .  

The e f f l u e n t ,  as measured by a 96-hour   cont inuous  b ioassay  us ing 

r a i n b o w   t r o u t ,  was l e t h a l l y   n o n - t o x i c   ( A p p e n d i x  2 ) ;  s u b - l e t h a l  

t o x i c i t y   e f f e c t s ,  however,  are unknown. 

F u t u r e   p o t e n t i a l  sewage sou rces   ( such   as   res iden t ia l   subd iv i s ions )  

should  be  encouraged t o   c o n s i d e r   o n - s i t e  sewage d i sposa l  as an 

a1 t e r n a t i v e   t o   d i s c h a r g i n g   t o   t h e   c e n t r a l   t r e a t m e n t   p l   a n t .  
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RECOMMENDATIONS 

1. Influent flow equalization  facil i t ies should be seriously  consid- 
ered  in  the next phase of plant upgrading. I f  further measures 
are needed t o  meet permit effluent  quality  requirements  (e.g. 
improved secondary clar i f icat ion)  they can  be better defined af te r  
a constant  feed  rate is  established. 

2. Land disposal of the  treated  effluent shou ld  continue t o  be p u r -  

sued as the  ultimate goal t o  minimize the environrllental impact on 

the Coldwater and  Nicola Rivers. 

3. Water conservation programs and sewer inf i l t ra t ion   ( i f   s ign i f i -  
c a n t )  reduction must  be considered  as  viable  alternatives t o  a 
1 arger a n d  more  complex  sewage treatment  plant. 

Y 
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1 INTRODUCTION 

An assessment of the  operation a n d  performance of the  Merritt 
Sewage Treatment Plant (STP) was carried out from October 5 t o  10 ,  1980, 
by the Environmental Protection  Service. 

Twenty-four hour composite samples of the screened raw 
influent,  secondary c la r i f ie r   e f f luent ,  and  final  effluent were taken f o r  

four  consecutive days. These samples were preserved a n d  shipped t o  E P S '  
laboratory  in West Vancouver for analyses. Analyses for  total  residual 
chlorine a n d  dissolved oxygen  were performed on s i te .  Diurnal flow rates 
a n d  component capacities were determi ned. 

A 96-hour continuous flow-through bioassay  using rainbow trout 
was run on t h e  f i n a l  effluent. 

On-site  bacteriological  analyses were performed on g r a b  samples 
f rom several  locations  in  the pl a n t  and  the  receiving environment. 
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2 PLANT DESCRIPTION 

The Merritt STP i s  located on the Coldwater River  immediately 
upstream of the  confl uence w i t h  the Nicola  River. The plant  receives  only 
sewage; storm  water discharges a t  several  locations  directly t o  the Nicola 
a n d  Coldwater Rivers and there  are no industrial  inputs. The p l a n t  eff lu-  
ent  discharges t o  the Coldwater River abou t  100 metres upstream of the 
confl uence. 

The  pl a n t  consists of  screening for  the removal of 1 arge sol ids,  
biological  treatment  (conventional  activated  sludge  design), a1 urn a d d i t i o n  
for  phosphorus reduction, and c h l o r i n a t i o n / d e c h l o r i n a t i o n  (Figure 1). The 
flow ra te  averages abou t  3 000 m3/day, which varies  sl ightly depending on 
the day  o f  the week and time o f  year. The d i u r n a l  flow pattern  is   quite 
consistent, w i t h  lows of about  1 000 m3/day and highs of abou t  4 300 m3/day. 

i s  1 if ted by one of two 6 800 m3/day (1 250 USGPM) rated screw 1 i f t  pumps. 
The raw sewage then  flows by pipe t o  a 60 cm ( 2  f ee t )  wide variable speed 
drum screen for the removal of large sol ids. The screenings  are  currently 
discharged by screw conveyor t o  the  aerobic  digester. The flow i s  meas- 
ured prior t o  screening by a Fisher  Porter magnetic  flowmeter,  recorded on 
a 7-day chart ,  and totaled. A1 um (48.5% a1 uminum sulfate  in water) i s  
injected i n t o  the flume after  screening a t  a rate of approximately 320 ml/ 
m i n .  Immediately downstrealn of the alum input,  the secondary c l a r i f i e r  
sludge  return  joins  the  influent  prior  to flow sp l i t t i ng   t o  two parallel 
aeration  basins,  approximately 480 m3 in vol urne each. Compressed a i r  i s  
distributed i n  the  aeration  basins t h r o u g h  Chicago Pump Swingfusers, 
f i t t e d  w i t h  ceramic diffusers. The  mixed liquor flows into a common flume 
prior t o  flow spl i t t i  ng i n t o  two para1 le1  secondary clar i f iers .   Set t led 
sludge i s  removed separately from each c l a r i f i e r  by two variable speed 
pumps ( a n d  two a i r   l i f t  pumps  when required) t o  a s p l i t t e r  box from which 
the  sludge can be diverted t o  the  aeration  basins or the  aerobic  digester. 
Usually all  the  sludge  is  returned  to  the  aeration  basins with only  peri- 
odic b a t c h i n g  t o  the  digester.  Effluent from the   c la r i f ie rs  flows t o  a 

The infl uent enters  the  plant i n  a concrete  fl ume from which i t  
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common flume pr ior   to   sp l i t t ing   to  two parallel  chlorine  contact cham- 
bers.  Chlorine is   in jected t h r o u g h  sparger  pipes a t  the  entrance t o  the 
chambers. Each  chamber has a separate  chlorine supply and chlorinator. 
Present  chlorine dosage to t a l s  a b o u t  12  lb chl orinelday.  Effl uent from 
the chambers flows t h r o u g h  a common pipe t o  a manhole into which  sodiurrl 
sulf i te   solut ion (50 lb  sodium sulfite/50  gallons  water) i s  added f o r  
dechlorination a t  the  rate of 45 t o  50 ml/min. The final  effluent  then 
flows a b o u t  100 metres i n  buried  pipe t o  a submerged n o n - d i f f  
charge on the n o r t h  side of the Coldwater River. 

Aerobic digestion i s  operated  as a batch  process. 
the secondary c l a r i f i e r s  is periodically  discharged t o  the d i  

used dis- 

S1 udge  from 
gester when 

mixed liquor suspended solids  levels i n  the  aeration  basins become h i g h .  
Presently  all  screenings from the raw sewage screen  are  discharged on a 
continuous  basis t o  the  digester. The digester  is  continuously  aerated. 
When the  digester i s  fu l l ,   ae ra t ion   i s  stopped and the  solids allowed t o  
s e t t l e .  The supernatant i s  then  decanted and returned t o  the p l a n t  influ- 
ent and the  sl udge i s  removed t o  a t a n k  truck by a portable  submersible 
pump lowered t o  the bottom of the  digester. The sl udge i s  hauled t o  two 
dry i  n y  beds a few miles out  of town. 
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3 PLANT  EVALUATION 

3.1 Flow variation 
The major problem t h a t  minimizes plant performance i s  the d i u r -  

nal flow variation and consequent hydraulic  overloading. As mentioned 
previously,  the  fl ow rate  varies between 1 000 and over 4 000 m3/day 
(264 000 and  1 056 000 USGPD) on most days , averaging abou t  3 000 $/day 
(792  000 USGPD). Table 1 shows the approximate  flow vol ume every 2 hours 
each day for  the week September 29 t o  October 5, 1980, approximated from 
the ?-day  flow chart. A1 t h o u g h  the  bi-hourly and daily volumes vary 
sliyhtly  the  diurnal  pattern  (Figure 2 )  i s   fa i r ly   consis tent .  Flow charts 
covering  the  past  year  indicate  there i s  very l i t t l e   va r i a t ion .  Appar- 
ently  periodic  infi l tration,  particularly during fast  spring  thaws, has 
resul  ted i n  rates  substantially  higher t h a n  4 000 m3/day.  However, these 
very high rates  are  rare and  the  relatively low average annual precipita- 
t i o n  o f  254.5 mm (10.02 in.) (1)  tends t o  minimize inf i l t ra t ion  problems. 
411 p l a n t  operations  are manual, there  are no flow proportional  controls. 
Chemical dosages including a1 urn, chlorine, and sodium sulfi te  are  constant 
based on the amount required t o  t reat   the  average  flow rate.  Consequent- 
l y ,  during much o f  the day the chemical dosages are t o o  low (as  well as 
sometimes being t o o  high)  resulting i n  inadequate  treatment. S1 udge re- 
turn pumps and compressors are  periodically  adjusted b u t  i t   i s   d i f f i c u l t  
t o  rnaintain the  appropriate  rates  (particularly  since  the  plant  is only 
manned d u r i n g  the  day). 

Therefore t o  minimize poor pi a n t  performance due to  infl  uent 
flow variation,  there  are  basically two options: 1) provide  influent 
flow equalization,  or 2 )  automate the  plant t o  respond t o  the  flow  varia- 
t ions. F1 ow equal i z a t  i on i s   the  simp1 e s t  and most re1 iabl e method. 
Equal  i z a t i o n  of the  diurnal  dry weather  flows wi 11  provide a constant 
flow t o  the  plant most  of the time. Construction of a hydrograph (Figure 
3 )  froln the  average  bi-hourly  flows  in Table 1 resu l t s  in a calculated 
equalization  basin  capacity of a b o u t  400 m3 ( 1 4  000 f t 3 ) ,  or abou t  600 m3 
(21 000 f t 3 )  a1 lowi ng for more extreme diurnal  flows , freeboard,  recycle 
streams,  etc. This i s   s l igh t ly   l a rger  t h a n  one  of the  existing  aeration 
basins. 
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TABLE 1 MERRITT SEWAGE TREATMENT PLANT  INFLUENT VOLUMES 
SEPTEMBER 29 TO OCTOBER 5, 1980 (m3)  

DAY: Monday Tuesdax Wednesday Thursday  Fr iday  Saturdax Sunday 

T I  ME AVERAGE - 

0000-0200 

0200-0400 

0400-0600 

0600-0800 

0800-1000 

1000- 1200 

1200-  1400 

1400-1630 

1600-1800 

1800-2000 

2000-2200 

2200-2400 

TOTAL 

144 

117 

114 

220 

326 

314 

314 

295 

314 

326 

295 

250 

3029 

174 

117 

87 

22 7 

363 

34 1 

333 

288 

295 

326 

303 

250 

3104 

182 

140 

114 

227 

257 

341 

326 

280 

291 

314 

288 

223 

- 
2983 - - 

144 

117 

95 

208 

363 

326 

314 

280 

295 

314 

295 

220 

- 
2971 - 

144 

114 

98 

163 

371 

341 

322 

280 

295 

291 

2 50 

2 04 

- 
2873 - - 

159 

121 

91 

98 

250 

356 

318 

280 

257 

288 

231 

167 

- 
2616 - - 

136 

106 

91 

95 

182 

299 

310 

273 

269 

280 

280 

227 

- 
2548 - - 

155 

119 

99 

1 7 7  

302 

331 

320 

282 

288 

3 06 

277 

220 

- 
287 5 
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FIGURE 2 MERRITT  STP  AVERAGE BI-HOURLY  FLOW RATES 
BASED ON FLOWS FOR SEPT. 2 9  TO OCT. 5 ,  1980 
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Tab le  2 shows t h e   t h e o r e t i c a l   r e s i d e n c e   t i m e s   f o r   t h e   m a j o r   u n i t  

o p e r a t i o n s   a t   t h e   a p p r o x i m a t e  minimum, maximum and ave rage   f l ow   ra tes .  The 

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

(1 000 m3/day)  and maximum ( 4  300 m3/day) f l o w   r a t e s .  A t  maximum f l o w   t h e  

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

i n e  chambers  are  on  the  low  s ide  of   the  normal  design  range. I f  t h e   f l o w  

was equal i zed, a e r a t i o n  and c h l o r i n e   c o n t a c t   a p p e a r   t o  be a d e q u a t e l y   s i  zed 

b u t   t h e   c l a r i f i e r s   a r e   p r o b a b l y   u n d e r s i z e d   ( a 1   t h o u g h   w i t h   t h e  a1 um addi-  

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

TABLE 2 MAJOR COMPONENT RESIDENCE TIMES AT MINIMUM, MAXIMUM 
AND AVERAGE FLOW RATES 

APPROXIMATE THEORETICAL RESIDENCE TIME (HOURS) 
B A S I N  CAPACITY (m3)  MIN.  FLOW WX. FLOW AVG. FLOW TYPICAL DESIGN 

Aera t  i on 960 25 .0  5.4  7.7 6 - 8  

C1 a r i f i c a t i o n  200 4.8 1.1 1.6 2 - 3  

C12 Contact  90 2 . 2  0.5 0.7 0.5 - 1.0 

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

f l o w e t e r .  It would be u s e f u l   t o  have a s imp le   low  techno1  ogy   f low 
measur ing  device,   such as a w e i r ,  t o  provide  back-up  f low  measurement.  

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

es t i l na ted   a t  6 000. ( T h i s   i s   r e a s o n a b l e  as Canada Census f i g u r e s   f o r  

M e r r i t t   f o r  1971 and 1976, were 5 289 and 5 581, r e s p e c t i v e l y . )  

Assuming  an  average d a i l y  sewage f l o w   o f  2 8 7 5  m3 ( T a b l e  1 ) ,  t h i s   r e s u l t s  

i n  an a v e r a g e   p e r   c a p i t a   d r y   w e a t h e r   f l o w   o f  479 1 i t r e s  (127 USG). T h i s  

i s   a t   l e a s t  25% h igher   t han   no rma l l y   exper ienced  and may be due t o  unusu- 

a l l y   h i g h   w a t e r  usage o r   s p r i n g - f e d   i n f i l t r a t i o n .   C o r r e s p o n d i n g l y ,   r e l a -  

t i v e l y   l o w   i n f l u e n t   c o n c e n t r a t i o n s   f o r  most   parameters   inc lud ing  COD, TOC, 

ammonia a n d   p h o s p h o r u s ,   s u b s t a n t i a t e   t h e   a p p a r e n t   d i l u t i o n   o f   t h e   p l a n t  
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i n f l u e n t .   T h e r e  was no p r e c i p i t a t i o n   i m m e d i a t e l y   p r i o r  t o  o r   d u r i n g   t h e  

sarnpl i n g   p e r i o d   u n t i l   O c t o b e r  9, by   wh ich   t ime   the   samp l ing  was e s s e n t i -  

a l l y  compl e te.  

3.2 Pr imary  Treatment  

The p l a n t ' s   r o t a t i n g  drum  screen i s   u s u a l l y  a r e 1   i a b l e  compact 

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

p rob lems   w i th   t he   va r i - speed   d r i ve   have  been  experienced. The screened 

so l   i ds   shou ld   be  removed t o  a l a n d f i l l .   D i s c h a r g i n g   t h e s e   s o l   i d s   d i r e c t -  

l y  t o   t h e   d i g e s t e r  may tend   t o   ove r load   t he   d iges te r   w i th   non -degraded  

organ ics   as   we l l  as p l u g   t h e   d i f f u s e r s   w i t h   i n e r t s .   A p p a r e n t l y ,   t h i s  

p r a c t i c e  will b e   d i s c o n t i n u e d   s h o r t l y   p e n d i n g   t h e   c o n s t r u c t i o n  o f  a b i n  
and  modification  of a truck  for hauling. 

3.3 Phosphorus Removal 

Alum s o l u t i o n   i s  added t o   t h e  screened  raw  wastewater  at a r a t e  

o f  about  320  ml/min t o   f a c i l  i t a t e   t h e  removal o f  phosphorus compounds by  

coagu la t i on -sed imen ta t i on .  A t  t h i s   r a t e   o f   a d d i t i o n  and assuming an av -  

e r a g e   f l o w   r a t e   o f  3 000 m3/day, the  average  a luminum  su l fa te  concentra-  

t i o n  i n  t h e   r a w   i n f l u e n t   i s   a b o u t   9 9   m g / l ;   t h e   c o n c e n t r a t i o n  will range 

between  69  and  298  mg/l , due t o  maximum and  minimum d a i l y   f l o w   r a t e s ,  

r e s p e c t i v e l y   ( T a b l e   3 ) .  
The r e p o r t e d  ( 2 )  approximate a1 um dosage r e q u i r e d   t o   a c h i e v e  

85%  removal o f  phosphorus i s  16: 1 (a1um:phosphorus).  Assuming a 5 mg/l 

average i n f l  uent   phosphorus  concentrat ion a t  M e r r i t t ,   t h e   r e q u i r e d  a1 um 

dosage  would  be  96  mg/l , about  the  present  average  dosage.  However, i n  

t r e a t a b i l i t y   j a r - t y p e   t e s t s   p e r f o r m e d  on 52  secondary  p lants  i n   O n t a r i o ,  

where the  alum was added t o   t h e   r a w  sewage, the   ave rage   requ i red  a1 um 

dosage was 179 mg/l t o   a c h i e v e  an e f f l uen t   phosphorus   l eve l  o f  l e s s   t h a n  

1 mg/ l   (3) .   Th is   does  not   necessar i ly  mean t h a t   M e r r i t t   s h o u l d  be  us ing 

more  alum  as  each a p p l i c a t i o n   i s   s i t e   s p e c i f i c   d e p e n d i n g  on s e v e r a l   v a r i -  

a b l e s   i n c l u d i n g  pH,  a1 k a l   i n i t y ,  and in f l uen t   phosphorus   concen t ra t i on ,  

b u t  i t  does i n d i c a t e   t h a t   M e r r i t t  may be  under-dosing  based on the   aver -  

age f l o w   r a t e .  A t  15 s e c o n d a r y   p l a n t s   i n   O n t a r i o   u s i n g  a1 um t o   r e d u c e  
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phosphorus t o  below 1 Ing/ l ,   the mean dosage was 65 mg/l . However, a1 1 

p l a n t s   a p p l i e d   t h e   a l u m   t o   t h e   ' s e c o n d a r y   s e c t i o n " .  A1  urn d o s i n g   t o   t h e  

s e c o n d a r y   s e c t i o n   o f   t h e   p l a n t  compared t o   t h e   p r i m a r y   s e c t i o n  has  been 

f o u n d   t o   r e s u l t   i n   l e s s  alurn r e q u i r e d   t o   a c h i e v e   t h e  same r e d u c t i o n   i n  

phosphorus. I f  alum i s  added a f t e r   a e r a t i o n   o r   n e a r   t h e  end o f   t h e   a e r a -  

t ion  tanks,   two  main  factors   permi t   less  a lum  usage:  1) s h e a r i n y   o f   t h e  

f l o c  due t o   a e r a t i o n   i s   m i n i m i z e d ;  and  2) a f t e r   a e r a t i o n  more o f   t h e  phos- 

phorus i s  as  orthophosphate  which i s   t h e   f o r m   t h a t  combines w i t h   a l u m   t o  

p r e c i p i t a t e  aluminum  phosphate. 

A1 though  the  alurn s o l u t i o n   s t o r a g e   t a n k   a t   M e r r i t t  has an e a r t h  

c o v e r i n g  it i s   n o t   a c t u a l l y   b u r i e d  and t h e r e f o r e   n o t   v e r y   w e l l   i n s u l a t e d ;  

n o r   i s  i t  h e a t e d .   C r y s t a l l i z a t i o n   o f   t h e  alum s o l u t i o n ,   e i t h e r   i n   t h e  

t a n k   o r   i n   t h e  1 i n e ,  may be a p rob lem  du r ing   co ld  bdeather. The a1  urn sol u- , 

t i o n  will s t a r t   t o   c r y s t a l l i z e   n e a r  -1°C and Hill f r e e z e  a t  about -15°C 

( 4 ) .  The recommended s t o r a g e   t e m p e r a t u r e   i s  7 t o  15"C, which m a n s  t h a t  

i n  a c l imate   such as M e r r i t t ' s  (mean d a i l y   J a n u a r y   t e m p e r a t u r e   o f  - 7 . 7 " C )  

t h e  a1  urn so lu t ion   tank   shou ld   be   heated  and i n s u l a t e d .  

I f  s p r a y   i r r i g a t i o n   i s   i m p l e m e n t e d  as t h e   w e t h o d   o f   f i n a l  

e f f l uen t   d i sposa l   t hen   phosphorus   reduc t i on  and t h e   a s s o c i a t e d   o p e r a t i n g  

cos ts   cou ld   be   e l im ina ted .  

3.4 B io log i ca l   T rea tmen t  

The a e r a t i o n   b a s i n s   p r o v i d e  an a d e q u a t e   t h e o r e t i c a l   r e t e n t i o n  

t i m e  of 5.3 hours a t  t h e  maximum f l o w   r a t e  and an i d e a l   t h e o r e t i c a l   r e -  

t e n t i o n   t i m e   o f  7.2 hours a t  t h e   a v e r a g e   f l o w   r a t e   ( T a b l e  2 ) .  Turbulence 

i n   t h e   b a s i n s   a p p e a r e d   t o  be   even ly   d i s t r i bu ted .   D isso lved   oxyyen  (3.0.) 
l e v e l s   i n   g e n e r a l  were   l ow   w i th   va lues   o f  1.0 t o  1.5 rng/l a t  low f l o w  

r a t e s  and 0.2 t o  0.3 mg/l a t   h i g h   r a t e s .  A minirnum D.O. l e v e l   o f  1.0 mg/l 

shou ld   be   ma in ta ined  a t  a1 1 t i m e s   t o   e n s u r e  enough D.O. t o   p r e v e n t   b o t h  

t h e   l i m i t a t i o n   o f   s u b s t r a t e  removal  and the   p roduc t i on   o f   anaerob ic   cond i -  

t ions .   Apparent ly   the   compressors  do  have  Inore c a p a c i t y  and t h e r e f o r e  

h i g h e r  D.O. l e v e l s   a r e   p o s s i b l e .  

S1 u d g e   f r o m   t h e   s e c o n d a r y   c l a r i f i e r s   i s   u s u a l l y  100% r e - c y c l e d  

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

m 
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n o t  measured b u t   i s   e s t i m a t e d  based  on pump capac i ty .   Cont inuous   d is -  

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

p r e f e r a b l e   i n  an e f f o r t   t o   m a i n t a i n  a constant   average  mixed  l iquor  sus- 

pended s o l i d s   l e v e l   i n   t h e  system. T h i s   w o u l d   a s s i s t   i n   p r o d u c i n g  more 

c o n s i s t e n t   r e s u l t s   f o r  BOD5 removal and  suspended  sol i d s   s e t t l e a b i l i t y .  

3.5 Secondary C l a r i f i c a t i o n  

Table 2 shows t h a t   t h e   t h e o r e t i c a l   r e s i d e n c e   t i m e   i n   t h e   c l a r i -  

f i e r s   i s  adequate  on ly   a t  minimurn f l o w   w h i c h   o c c u r s   f o r   o n l y  a s h o r t   t i m e  

each  day ( F i g u r e  2 ) .  The c l a r i f i e r   o v e r f l o w   r a t e s   a r e   a p p r o x i m a t e l y  14, 
60 and  42 rn3/day/m2 (340, 1 480 and 1 030 U S G P D / f t 2 )  f o r  minir;lu;n, maximum, 

and  average  f lows  respect ive ly .  The a v e r a g e   o v e r f l o w   r a t e   o f  42  m3/day/m2 

i s  on   the   h igh   end of t he   usua l   des ign   range   fo r   ac t i va ted   s ludge   second-  

ary c l a r i f i e r s .  The maximum o v e r f l o w   r a t e   o f  60 rn3/day/d i s   t o o   h i y h  a s  

was ev idenced  by   the   h igh  sl udge b l a n k e t   l e v e l  and s o l   i d s   o v e r f l o w  f o r  

several   hours  each day. D u r i n g  1 ow f l o w   p e r i o d s   t h e   c l a r i f i e r   e f f l   u e n t  

was q u i t e   c l e a r   w i t h  a d i s t i n c t   i n t e r f a c e  between  the  s ludge  blanket and 

t h e   s u p e r n a t a n t .   T h i s   s i t u a t i o n  i s  p r o b a b l y   d u e ,   a t   l e a s t   p a r t i a l l y ,   t o  

t h e   c o a g u l a t i v e   e f f e c t   o f   t h e   a l u a .  It may be t h a t   t h e  use o f  a1 uin and 

consequen t   i nc reased   sed imen ta t i on   e f f i c i ency  may  bnake t h e   e x i s t i n g   c l a r i -  

f i e r s   a d e q u a t e   a t  a constant   average  f low,   prov ided  the  s l   udye pumps can 

remove the  excess  s ludge  generated. As prev ious ly   ment ioned,   more  f re-  

quent  removal o f  SI udge  from  the  system may i m p r o v e   c l a r i f i e r   p e r f o r m a n c e  

b y   m a i n t a i n i n g  a more s e t t l e a b l e   s l u d g e .   A l s o ,   t h e   c o a g u l a t i v e   b e n e f i t s   o f  

t h e  a1 urn may be b e t t e r   r e a l   i z e d  i f  t h e  a1 urn i s  added  near   the  aerat ion 

b a s i n   o u t l e t s  so t h a t   t h e   s h e a r i n g   a c t i o n  on t h e   f l o c   i s   m i n i m i z e d .   ( T h e  

optirnurn p o i n t   o f   a p p l   i c a t i o n   c o u l d  be deter ln i   ned  once  the  p lant   f low i s  

c o n s t a n t . )   F u r t h e r   i m p r o v e d   c l a r i f i e r   p e r f o r m a n c e  may be  achieved  wi thout  

e x p a n d i n g   t a n k   s i z e   b y   i n s t a l  1 i ny 1 amel 1 a t y p e   i n c l   i n e d   p l a t e   s e t t l e r s   t o  

i n c r e a s e   t h e   e f f e c t i v e   s e t t l i n g   a r e a .  Some i n v e s t i g a t i o n   w o u l d  be 

required,  however,  as s i m i l a r   a p p l i c a t i o n s   o f   t h e s e   d e v i c e s   a r e   l i m i t e d  

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

e q u a l i z a t i o n   i s   e s t a b l i s h e d  and  alum a p p l i c a t i o n   o p t  

3.6 Chl o r i   n a t  i on/Dechl o r i   n a t  i on 

The c h l o r i n e  dosage o f  12 1 b lday   o r   abou t  

n o t   o c c u r   u n t i  1 f l ow 

m i  zed. 

5 l b /106  USG o f  waste- 

w a t e r ,   a t   a v e r a g e   f l o w   r a t e ,   i s  f a r  be low  normal   dosage  leve ls   o f  50 t o  

100 lb /106  US g a l l o n s  ( 5 ) .  T h i s   q u a n t i t y   r e s u l t s   i n  an a v e r a g e   c h l o r i n e  

c o n c e n t r a t i o n   a t   p o i n t   o f   a p p l i c a t i o n   o f   a b o u t  1.8 mg/l w i t h  a r a n g e   o f  

1.3 t o  5.4 mg / l   (Tab le   3 ) ;   t he   des ign   bas i s   f o r  a good q u a l i t y   s e c o n d a r y  

e f f l u e n t  i s  u s u a l l y  6 t o  1 2  n g / l .   F o r   t h i s   e f f l u e n t ,   b e c a u s e   o f   t h e   p e r -  

i o d i c   h i g h  suspended s o l i d s ,   o r g a n i c   l e v e l s  and p a r t i c u l a r l y   t h e  ammonia 

c o n c e n t r a t i o n  i n  t h e   e f f l u e n t ,   t h e   c h l o r i n e  dosage  would  have t o  be even 
g r e a t e r   t h a n   t h i s   t o  be ef fect ive.   Severa l   grab  sa lnp le  analyses f o r  t o t a l  

r e s i d u a l   c h l o r i n e   a t   t h e   c h l o r i n e   c o n t a c t  char,lber o u t l e t s  showed concent- 

r a t i o n s   o f   l e s s   t h a n  1.5 mg/l a t   l o w  fl ow (0800  hours) and l e s s   t h a n  0.1 

mg/l a t  h i g h   f l o w s   ( 1 3 0 0   h o u r s ) .   V i g o r o u s   m i x i n g   a t   t h e   p o i n t   o f   c h l o r i n e  

a p p l i c a t i o n   r e q u i r e d   t o   m a x i m i z e   d i s i n f e c t i o n   e f f i c i e n c y ,   i s   n o t   p r o v i d e d .  

A1 so, s o l   i d s   o v e r f l o w i n g   f r o m   t h e   c l a r i f i e r s   s e t t l e   o u t   i n   t h e   c h l o r i n e  

contact  chambers and t h e r e b y   r e d u c e   t h e   e f f e c t i v e   t a n k  volumes  and  conse- 

quent ly   the   res idence  t ime.  

Appendix 1 p r e s e n t s   t h e   b a c t e r i o l o g i c a l   r e s u l t s   f r o m   g r a b  samples 

t a k e n   i n   t h e   p l a n t  and t h e   r e c e i v i n g   w a t e r s .   F i g u r e  4 i s  a p l o t   o f   f e c a l  

c o l i f o r m s   t h r o u g h   t h e   p l a n t   a t   l o w   f l o w   r a t e   ( 0 8 0 0   h o u r s )  and a t   h i g h   f l o w  

ra te   (1300   hou rs ) .  The raw  sc reened   i n f l uen t   ( samp le   s ta t i on  1) i s  

c o n s i d e r a b l y   h i g h e r   a t  0800  hours  than  at   1300  hours as expected  due t o   t h e  

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

b a c t e r i a   r e d u c t i o n   i n   t h e   a e r a t i o n   b a s i n s   ( b e t w e e n  sample p o i n t s  1 and 2 )  

b u t  a s i g n i f i c a n t  amount dur ing   sed imenta t ion   (be tween  sample   po in ts  2 and 

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

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

C h l o r i n a t i o n  was much more   success fu l   a t   l ow   f l ow   w i th  a t w o   o r d e r   o f  mag- 

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

c a n   b e   a t t r i b u t e d   t o  a longer   con tac t   t ime  and  lower   suspended  so l ids ,  

ammonia, and o r g a n i c s   c o n c e n t r a t i o n s   i n   t h e   c h l o r i n e   c o n t a c t  chambers. 

Y 

YI 

I 
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F I G U R E  4 F E C A L  COLIFORM  LEVELS AT V A R I O U S  POINTS 
IN T H E  M E R R I T T  S T P  
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The  reason f o r  an i n c r e a s e   i n   f e c a l   c o l   i f o r m s   b e t w e e n   s t a t i o n s  

5 and 6 i s   n o t  known. Table 2A i n  Appendix 1 shows i n c r e a s e s   f o r   t o t a l  

c o l i f o r m s  and f e c a l   s t r e p t o c o c c i  as w e l l .  Because o f   t h e   v e r y   s h o r t   r e s i -  

dence  t ime  between  stat ions,  it i s   n o t   l i k e l y  due t o  re-growth. One pos- 

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

p o i n t s .  

The mean e f f l u e n t   ( s t a t i o n   6 )   c o l i f o r m   l e v e l s   o f  samples  taken 

a t  va r ious   t imes   du r ing   t he   day   a re   p resen ted   i n   Tab le  4. 

TABLE 4 MERRITT STP EFFLUENT  COLIFORM  LEVELS 

T i  me Number of  Mean Fecal   Col i form Mean To ta l  Col i f o r m  
Sarnpl es M P N / 1 0 0  ml M P N / 1 0 0 m l  

0800 4 6.9 x 102 

1100 3 9.7 x 105 

5.1 x 103 

3.0 x lo6 
1300 3 1.5 x l o b  
1500 3 2.7 x 104 

2.0 x 106 

2.1 x 105 

A t  l o w   f l o w   c o n d i t i o n s  (0800 h o u r s )   t h e   c o l i f o n n   l e v e l s   a r e   r e l a t i v e l y   l o w  

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

c o l   i f o n n   l e v e l s   a r e   s u b s t a n t i a l l y   h i g h e r .   I n   f a c t   t h e  1300  hour  fecal  

c o l i f o n n  mean of 1.5 x l o 6  MPN/100 m l  i s   n o t   s i g n i f i c a n t l y   l e s s   t h a n   t h e  

mean f o r   1 0   p l a n t   i n f l   u e n t  samples o f  6.3 x lo6. It i s  apparen t   t ha t  

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

sent1 y requ i   red .  

Several  samples o f   t h e   r e c e i v i n g   w a t e r s  were a1 so a n a l y z e d   f o r  

b a c t e r i a   l e v e l s  and t h e   r e s u l t s   a r e   i n c l u d e d   i n  Appendix 1 and  summarized 

i n  Table 5 (see  F igure  1A f o r  sample s t a t i o n   l o c a t i o n s ) .  
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T A B L E  5 N I C O L A  AND COLDWATEK R I V E R  MEA/\( FECAL COLIFORM L E V E L S  

rl 

m 

m 

~~ 

Sample Station Number of MPN/1  OOrnl 
S a m 1  es 

C1 Coldwater  River  upstream of discharge 3 5.3 
N1 Nicol a River  upstream of confluence 4 43.8 
C2 Coldwater  River downstream of discharge 4 5. Ox1O4 
X 1  Nicola a n d  Coldwater  River  confluence 4 3 .2~103 
N2 Nicola  River a b o u t  8 kilometres 

downstream of confl uence 3 5.0~103 
G A - 1  Guichon Creek near  confluence w i t h  Nicola 3 4 .2~103 
N3 Nicol a River a b o u t  1 7  k i  lometres 

downstream of confluence 4 57.3 

The increase i n  FC l eve ls  between X1 a n d  142 suggests t h a t  sources of fecal 
contamination  exist  along  this  stretch of r iver .  Guichon Creek (GA-1) was 
ident i f ied  as  one of these  sources. There was no precipi ta t ion d u r i n g  the 
t ime  these  stations were sampled, and the  levels  would l ike ly  be higher 
d u r i n g  higher  runoff. These resu l t s   a l so   ind ica te  t h a t  there   are   other  
sources of fecal  contamination  to  the  Nicola  River  besides  the STP, a n d  

without  controlling  these  other  sources  disinfection of the STP e f f luent  
alone may n o t  be adequate t o  achieve  the low bacter ia   levels  deemed neces- 
sary. On the  other h a n d ,  water  usage  along t h i s   s t r e t c h  of r i v e r  may be 
such t h a t  low bacterial   levels are not  necessary. A t  sample s ta t ion  N3, 
a b o u t  1 7  kilometres downstrear11 of the  confluence,  the  fecal  coliform  value 
(57 .3 )  had returned t o  the Nicol a River background level  (43.8). 

3.7 Aerobic  Digestion 
The aerobic  digester i s  operated  as a batch  process. The diges- 

t e r   i s  continuously  aerated and periodically  (every few days)  receives 
excess  activated  sludge from the  secondary  clarifiers.  As previously  dis- 
cussed,  continuous removal of activated  sludge t o  the  digester  should pro- 
vide more consistent  treatment i n  the  activated  sludge  system and removal 

Q 
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o f   t h e   p r i m a r y   s c r e e n i n g s   d i s c h a r g e   t o   t h e   d i g e s t e r  will r e s u l t   i n  more e f -  

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

shou ld   no t   measurab ly   a f fec t   d iges t ion   per fo rmance  and i t  will reduce  the 

p o s s i b i l i t y   o f   o d o u r s  due t o   o v e r l o a d i n g .  Because t h e   d i g e s t e r   i s   n o t   i n -  

su la ted   o r   hea ted ,  i t  i s   u n l i k e l y   t h a t  a s tab le   s ludge   i s   p roduced   du r ing  
t h e   c o l d  months.  However, t h e   d r y i n g  beds a re   we l l   cons t ruc ted ,  away f rom 

c i v i l i z a t i o n ,  and  fenced, so t h i s   i s   p r o b a b l y   n o t  a problem i n   t h e  near 

te rm.   Fur thermore   the   d ry ing  beds w i n d y   l o c a t i o n   a l o n g   w i t h   t h e   l o w   p r e c i -  

p i t a t i o n  and w a r m  summer tempera tures   fo r   th is   a rea ,   p rov ides   a lmost   idea l  

c o n d i t i o n s   f o r   t h e   d r y i n g   p r o c e s s .  

3.8 D i s c u s s i o n   o f   A n a l y t i c a l   R e s u l t s  
Table 6 shows the  results o f  24 h o u r  composite samples taken a t  

f o u r  ( 4 )  p o i n t s   f o r   f o u r  ( 4 )  days  (each  composi te  consisted  of   approxirnate- 

l y  one sample  per  hour). A1 1 sampl  es were  preserved and sh ipped  the  same 

day i n  a c o l d   b o x   t o   t h e  EPS L a b o r a t o r y   i n  West Vancouver. The sarnpl es 

were   rece ived   a t   t he   l abo ra to ry   t he   nex t   morn ing .  

The  sample s t a t i o n   l o c a t i o n s  were  (see  Figure 1): 

Sampl e S t a t i o n   L o c a t i o n  

screened r a w  i n f l   u e n t  

secondary c l a r i f i e r   e f f l u e n t  

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

rece iv ing   water   (Co ldwater  
R iver )   ups t ream of t h e  
e f f l u e n t   d i s c h a r g e  

The r e s u l t s   f o r  BODS, COD, and TOC, a l t h o u g h   n o t   c o n s i s t e n t ,   i n   g e n e r a l  

i n d i c a t e   p o o r   b i o d e g r a d a t i o n   t h r o u g h   t h e   p l a n t .   L i m i t e d   o x i d a t i o n   i s   f u r -  

t h e r  emphasized  by t h e   l o w   e f f l u e n t   ( s t a t i o n s  2 and 3 )  n i t r a t e   l e v e l s  and 

h i g h  ammoni a concent   ra t ions .  

c 

I 

L 
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High sol ids  levels a t  s tations 2 a n d  3 ,  particularly on t he   f i r s t  
two  days of  sampl j n g ,  delrlonstrate the over1 oaded condition of the secondary 
c l a r i f i e r .  Furthermore,  the  reduction  in  non-filterable  residue  levels 
between s ta t ions 2 and  3 confirms solids  settlment and accumulation  in  the 
chlorine  contact chambers. 

Surfactants (LAS) were substantially reduced by the  biological/ 
sedimentation  process. 

Total phosphorus was reduced by varying amounts and mostly 
t h r o u g h  the  chlorine  contact chambers, a g a i n  confirming sol ids accurnul a- 
t ion.  The influent phosphorous concentration (4-6 mg/l) is  lower t h a n  
usually  experienced i n  raw sewage and may  be due t o  dilution frorn excessive 
water usage or background infiltration  as  previously  discussed. The i n f l u -  
ent flow rate was typical  for  dry weather conditions a t  t h i s   s i t e  and 
therefore unusual i n f i l t r a t ion   i s  n o t  suspected. 

With respect t o  the  plant's  Pollution Control Permit, maximum 
1 imits  for BODS, NFR, and t o t a l  phosphorus of 15, 10 and 1.0 mg/l respect- 
ively,  the  plant  effluent  failed t o  meet these  levels  in  all  cases  except 
for  one phosphorus sample (0.91 mg/l). A1 t h o u g h  these samples are n o t  
d i rect ly  comparable t o  the permit requirements  as  stated i n  the  Letter of 
Transmittal ( I '  ... a composite sample of the  discharge  consisting of four 
consecutive  grab samples taken a t  one  hour interval s . . . ' I )  they  better 
represent t h e  average  condition o f  the ef f luent .  A compos i te  sample t a k e n  
over  only four  ( 4 )  hours will  give a biased  indication of the  effluent 
character is t ics ,  due t o  the  diurnal  flow a n d  loading  variations. 

The samples were a1 so analysed for  extractable and dissolved 
metals, using an argon plasma emission  spectrometer. The results  are pre- 
sented i n  Tab1 e 7 and  the  generally low Val ues ref1  ect  the  absence of in- 
dustrial  inputs t o  the sewer system. 
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TABLE 6 MERRITT STP ANALYTICAL RESULTS1 
~~ ~~~ 

Date2 October 5 - 6 October 6 - 7 

Sampl e point3 1 2 3 4 1 2  3 4 

Parameter 
BOD5 
C O D  
T O C  
N FR 
V NFR 
FR 
TR 
Turbidity 
Conductivity 
Cyani de 
Phenol s 
Oil & Grease 
Surfac tan ts  
piitrite ( c )  
Nitrate ( N )  
Anmoni a ( N )  
Diss. PO4 ( P )  
Total PO4 ( P )  

Alkalinity 
pH 

93 145 
225 200 

61 66 
82 184 
64 123 

304- 277 
386 46 1 

19 61 
520 58 0 

LO. 03 LO. 03 
0.03 L0.02 
120 40 
3.85 0.05 

LO. 305 LO. 005 
L0.005 L0.005 
16.4 1G.6 
4.74 3.152 
0.41 5.87 

189 138 
7.5 7.4 

120 - 
160 L2O 
40 3 

125 L5 
80 L5 

303 109 
428 110 

36 L1 
590 180 

- LO.08 
- LO.02 

80 - 
- 0.01 

L0.005 L0.005 
LO. 005 LO. 005 
15.5 1.4 
0.0542 L0.005 
3.75  LO. 905 

135 55.7 
7.5 7.9 

155 
295 

58 
134 
86 

27 7 
411 

74  
550 

LO. 03 
0.02 
120 
3.91 

LO. 005 
LO.010 
17. (3 

0.860 
4.89 

156 
7.3 

G150 G133 - 
220 160 103 

54 30 L1 
169 86 L5 
108 58 1 5  
231 312 105 
450 338 106 

74 39 L1 
56 0 590 16a 

L0.03 L0.03 Lq.03 
L0.02 0.08 LO.02 

30 45 - 
0.043 0.050  0.020 
0.340 9.0961  L0.005 
0.0430 0.0177 0.1867 

15.0 15.7 L0.003 
0.9467 0.0819 3.0087 
6.17 3.49 0.0081 

139 149 70.5 
7.4 7.6 7.7 

All sulfide  results were less t h a n  0.05 

1 AI 1 values  in mg/l except PH 
2 24 hour composite samples were taken between 1400 hours 
3 Sampl i n g  locat  ions  are shown on Figure 1 

L - less  t h a n  
G - greater t h a n  

. . . /cont ' d 
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TABLE 6 KERRITT STP ANALYTICAL RESULTS1 (continued) 

Date2  October 7-8 October 8-9 

Parameter 
BOD 5 
COD 
T O C  
N FR 
VWFR 
FR 
TR 
Turbidity 
Conduct i v i  t y  
Cyani de 
Phenol s 
O i l  & Grease 
Surfactants 
N i t r i t e  ( N )  
Nit ra te  ( N )  
Amrnon i a ( N )  
Diss. PO4 (P) 
Total P94 ( P )  

A 1  k a l  i n i  ty 
PH 

G13O 
27 5 

72 
200 
121 
300 
500 
9€! 

600 
LO.  03 

0.03 
60 

3.00 

G130 
155 
45 

115 
74 

3r)o 
415 

51 
57 5 

LO. 03 
LO. 02 

65 
0.045 

55 
85 
16 
28 
18 

330 
358 

14  
58 0 

LO. 03 
0.05 

55 
0.046 

- 
L29 

L1 
L5 
L5 
lO6 
109 
L1 

198 
LO. 03 
LO. 02 

- 
0.023 

0.0262  0.557 0.0812 L0.005 
0.0388 0.009 0.014 0.299 

1 7 . 7  14.8 14.8 L0.005 
0.O391 0.0765  0.145  0.0091 
4.76  4.17 1.51 0.0076 

81.6 132 139 82.1 
6.8 7.5 7.8 7.6 

145 
270 

62 
100 

77 
31 6 
416 

62 
525 

LO. 03 
LO. 02 

23 
4.20 

L0.005 
LO. 005 
18.6 

0.590 
4.48 

186 
7.5 

~ 1 3 0  G X I  - 
169 50 L20 
34 16 L I  

110 28 L5 
71 18 L5 

292 306 119 
40 2 334 111 

48 16 L1 
570 57 5 175 

L0.03 L0.03 LC.03 
0.02 L0.02 Lcl.02 

6 L2 - 
0.108 0.085 0.039 

17.8 0.102 LO. 005 
L0.005 0.0111 0.185 
15.1 16.6 LO.  005 

0.0381 0.137 0.0269 
3.03 0.91 0.0356 

136 139 72 .2  
7.5 7.8 7.6 

A1 1 su l f ide   resu l t s  were l e s s  t h a n  0.05 

1 A I  1 values  in mg/l except pH 

3 Sampl i n g  locat  ions  are shown on Figure 1 
24 hour composite  samples were taken between 1400 hours 

L - less t h a n  
G - greater  t h a n  
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TABLE 7 EXTRACTABLE AND DISSOLVED  METAL CONCENTRATIONS 

DATE October 5 - 6 

SAMPLE* 1E 1 D  2E  2D  3E  3D 4 E  40 

Parameter 

A s  
Ba 
Cd 
c o  
Cr 
cu  
Hg 
Mn 
Y O  

N i  
P 
Pb 
Sb 
Se 
Sn 
Sr 
T i  
V 
Zn 
A1 
Fe 
Si 
Ca 
%l 
N a 

LO. 15 
0.9612 

LO.01 
LO.015 
L0.015 

0.164 
LO. 10 

0.9469 
LO. 15 
LO. 08 

5.23 
0.095 

LO. ?8 
LO. 15 
LO. 2 

0.201 
0,0109 

LO. n5 
0.103 
0.983 
0.474 
8.07 

38.5 
9.37 

32,. 6 

LO. 15 
0.0322 

LO.O1 
L0.015 
L0.015 
0.034 

LO. 10 
0.0353 

LO. 1 5  
LO. 08 

3.34 
LO. 98 
LO. 08 
L0.15 
LO. 2 

0.176 
LO. 0085 
LO. 05 
0.086 
0.111 
0.087 
7.46 

33.7 
8.53 

36.8 

LO. 15 
0.113 
0.01 

L0.015 
L0.015 

0.179 
LO. 10 

0.029 
LO. 15 
LO. 08 

4.66 
LO. 08 
LO. 08 
LO. 15 
LO. 2 
0.202 

LO. 0085 
LO. 05 

0.12 
11.5 
0.418 
8.07 

39.1 
9.64 

40.7 

LO. 15 
0.0728 

LO.01 
L0.015 
LO. 015 

0.021 
LO. 10 

0.0192 
LO. 15  
LO. 08 
LO. 3 
LO. os 
LO. 08 
LO. 15 
LO. 2 
0.18 

LO. 0085 
LO. 05 

0.112 
0.142 
0.049 
6.53 

36.0 
9.06 

39.5 

LO. 15 
0.0258 

LO. 01  
L0.015 
L0.015 
LO. 01 
LO. 10 

0.0159 
LO. 15 
LO. OS 
LO. 3 
LO. OS 
LO. 08 
LO. 15 
LO. 2 

0.193 
LO. 0085 
LO. 05 
LO. 02 
LO. 09 

0.037 
6.83 

38.6 
9.76 

42.5 

LO. 1 5  
0.0278 

LO. 01  
L0.015 
L0.015 

0.023 
LO. 10 

0.0171 
LO. 15 
LO. os 
LO. 3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.191 
LO. 0085 
LO. 05 

0.047 
0.114 
0.952 
6.81 

38.2 
9.64 

41.9 

LO. 15 
0.0357 

LO. 01 
L0.015 
L0.015 
L8.01 
LO. 10 
L3.003 
LO. 15  
LO. 08 
LO. 3 
LO. os 
LO. 08 
LO. 15 
LO. 2 
0.115 

LO. 0085 
LO. 05 
LO. 02 
LO. 09 

0.018 
3.77 

19.9 
3.75 
2.37 

LO. 15 
0.0374 

LO.01 
L0.015 
LO. 015 
LO. 01 
LO. 10 
0.0119 

LO. 15  
LO. 98 
LO. 3 
LO. 08 
LO. os 
LO. 15 
LO. 2 

0.115 
LO. 0085 
LO. 05 
LO. 02 
LO. 09 

0.017 
3.6 

19.8 
3.65 
2.95 

*E - extractable  metals 
D - dissolved  metals 
1 - influent 
2 - post-clarification 
3 - effluent 
4 - Coldwater River upstream of effluent  discharge 

. . . /cont  ' d  

L - less  t h a n  
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TABLE 7 EXTRACTABLE AND DISSOLVED METAL CONCENTRATIONS (continued) 

DATE October 6 - 7 

SAMPLE* 1 E  1 D  2E  2D 3E 3D 4 E  42 

Parameter 

As 
Ba 
Cd 
co  
Cr 
cu 
H9 
Mn 
Mo 
Ni 
P 
Pb 
S b  
Se 
Sn 
Sr 
T i  
V 
Z n  
A1 
Fe 
Si 
Ca 
Mg 
Na 

LO. 1 5  
0.0385 

LO. 01 
LO. 015 
LO. 015 

0.037 
LO.  10 

0.0135 
LO. 15 
L O .  08 

2.98 
LO.  08 
LO. 08 
LO. 15 
LO. 2 

0.175 
LO. 0085 
LO. 05 

0.068 
4.37 
0.222 
7.45 

33.7 
8.39 

32.6 

LO. 15 
0.0266 

LO. 01 
LO.  015 
LO. 015 
L O .  01 
LO.  10 

0.0121 
LO. 15 
LO. 08 

0.59 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.182 
LO. 0085 
LO. 05 

0.063 
0.14 
0.131 
6.87 

34.8 
8.73 

35.2 

LO. 1 5  
0.0532 

LO. 01 
LO.  015 
LO. 015 

0.045 
LO.  10 

0.0177 
LO.  15 
LO. 08 

2.29 
LO. 08 
LO.  03 
LO. 15 
LO. 2 

0.2 
LO. 0085 
LO. 05 

0.062 
4.04 
0.139 
7.53 

39.4 
9.61 

41.8 

LO. 15 
0.0337 

LO. 01 
LO. 015 
L0.015 
LO. 01 
LO. 10 

0.0129 
LO. 15 
LO. 08 
LO. 3 
LO. 08 
LO.  08 
LO. 15 
LO. 2 

0.18 
L 0.0085 
L O .  05 
0.035 

L O .  09 
0.045 
6.64 

35.9 
8. a3 

40.6 

LO. 1 5  
0.0379 

LO. 01 
LO. 015 
LO. 015 

0.045 
L O .  10 

0.0175 
LO. 15 
LO. 08 

1.99 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.185 
LO. 0085 
LO. 05 
LO. 086 

4.71 
0.221 
7.79 

36.9 
9.02 

44.5 

LO. 15 
0.0246 

LO. 01 
LO. 015 
LO. 015 

0.015 
LO. 10 

0.0155 
LO. 1 5  
LO.  08 
LO. 3 
LO. 08 
LO. 08 
LO.  15 
LO. 2 

0.179 
LO.  0085 
LO. 05 

0.067 
0.155 
0.085 
7.2 

36.0 
9.03 

43.9 

LU. 1 5  
0.042 

LO. 01 
L O .  015 
LO.  015 
LO. 01 
LO. 10 
LO. 0124 
LO. 1 5  
LO. 08 
LO. 3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.132 
LO. 0085 
L0.05 
LO.  02 
LO. 09 

0.038 
3.49 

23.1 
4.73 
3.64 

LO. 15 
0.0393 

LO. 01 
L O .  015 
LO. 015 
LO. 01 
LO. 10 

0.0109 
LO. 15 
LO. 08 
LO.  3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.127 
LO. 0085 
LO. 05 
LO. 02 
LO. 09 

0.021 
3.96 

22.1 
4.51 
3.56 

* E  - extractable  metals 
D - dissolved metal s 
1 - i nfl uent 
2 - post-clarification 
3 - effluent 
4 - Coldwater River upstream of effluent  discharge 

L - less t h a n  

. . . /cont ' d 
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TABLE 7 EXTRACTABLE AND DISSOLVED  METAL CONCENTRATIONS (continued) 

DATE October 7 - 8 

SAMPLE* 1 E  1 D  2E  2D  3E  3D  4E  4D 

Parameter 

As 
Ba 
Cd 
c o  
Cr 
c u  
Hg 
Mn 
M 0 
N i  
P 
Pb 
Sb 
Se 
Sn 
Sr 
T i  
V 
Zn 
A1 
Fe 
S i  
Ca 
Mg 
N a 

LO. 15 LO. 15 
0.066  0.0368 

LO. 01  LO.01 
L0.015 L0.015 

0.023 LO. 015 
0.115 LO.01 

LO. 10 LO. 10 
0.0201  0.0154 

LO. 15 LO. 15 
LO. 08 L0.08 

4.82 L0.3 
LO. 08 LO. 08 
LO. 08 LO. 08 
LO. 15 LO. 15  
LO. 2 LO. 2 

0.206 0.194 
0.0189 L0.0085 

LO. 05 LO. 05 
0.097 0.064 

22.5 0.334 
0.637 0.279 
7.61 6.68 

39.6 37.3 
9.65 9.51 

34.4 33.4 

LO. 1 5  
0.0646 

LO. 01 
L0.015 
LO. 015 

0.093 
LO. 10 

0.0174 
LO. 15 
LO. 08 

3.46 
L0.08 
LO. 08 
LO. 15 
LO. 2 

0.201 
LO. 0085 
LO. 05 

0.065 
8.27 
0.237 
7.46 

39.3 
9.41 

38.3 

LO. 15 
0.0332 

LO. 01  
L0.015 
LO. 015 
LO.01 
LO. 10 

0.0119 
LO. 15 
LO. 08 
LO. 3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.19 
LO. 0085 
LO. 05 

0.021 
0.145 
0.019 
6.72 

37.9 
9.38 

37.8 

LO. 15 
0.0367 

LO. 01  
LO. 015 
L0.015 

0.032 
LO. 10 

0.0146 
LO. 15 
LO. 08 

0.87 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.189 
LO. 0085 
LO. 05 
L0.039 

2.08 
0.105 
6.9 

37.7 
9.14 

40.7 

LO. 15 
0.0276 

LO.01 
L0.015 
L0.015 

0.011 
LO. 10 

0.0114 
LO. 15 
LO. 08 
LO. 3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.185 
LO. 0085 
LO. 05 

0.024 
0.102 
0.024 
6.83 

37.0 
9.18 

39.8 

LO. 15 
0.0544 

LO.01 
LO. 015 
L0.015 
LO. 01 
LO. 10 

0.0112 
LO. 15 
LO. 08 
LO. 3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.16 
LO. 0085 
LO. 05 
LO. 02 
LO. 09 

0.051 
4.1 

28.1 
5.87 
4.48 

LO. 15 
0.0498 

LO. 0 1  
LO. 01 5 
LO. 015 
LO. 01  
LO. 10 

0.009 
LO. 1 5  
LO. 03 
LO. 3 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.161 
LO. 0085 
LO. 05 
LO.02 
LO. 09 

0.023 
4.26 

28.3 
5.96 
4.48 

* E  - extractable  metals 
D - dissolved metal s 
1 - influent 
2 - post-clarification 
3 - effluent 
4 - Coldwater River upstream of eff l  uent discharge 

. . /cont ' d 

L = less t h a n  
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TABLE 7 EXTRACTABLE AND DISSOLVED METAL  CONCENTRATIONS (continued) 

DATE October 8 - 9 

SAMPLE* 1E  1D 2E  2D  3E  3D 4E 4D 

Parameter 

As 
Ba 
Cd 
co 
Cr 
c u  
H9 
Mn 
Mo 
Ni 
P 
PD 
Sb 
Se 
Sn 
Sr 
T i  
V 
Zn 

A1 
Fe 
S i  
Ca 
Mg 
Na 

LO. 15 
0.0798 

LO. 01 
LO. 01 5 
LO. 01 5 

0.086 
LO. 10 

0.0139 
LO. 15 
LO. 08 

4.5 
LO.  08 
LO. 08 
LO.  15 
LO. 2 
0.197 
0.01  55 

LO. 05 
0.078 
1.58 
0.197 
7.27 

38.2 
9.27 

31.2 

LO. 15 
0.0285 

LO. 01 
LO. 015 
LO. 01 5 

0.02 
LO. 10 

0.0077 
LO. 15 
LO. 08 

2.84 
LO. 08 
LO. 08 
LO. 15 
LO. 2 

0.182 
LO. 0085 
LO.  05 
0.048 

LO. 09 
0.05 
6.82 

35.1 
8.79 

30.8 

LO. 15 
0.0454 

LO. 01 
LO. 015 
LO. 01 5 

0.047 
LO. 10 

0.0148 
LO. 15 
LO. 08 

2.61 
L 0.08 
LO. 08 
LO. 15 
LO. 2 

0.19 
L 0.0085 
LO. 05 

0.047 
6.05 
0.175 
7.25 

37.7 
9.13 

36.0 

LO. 15 
0.02 78 

L 0.01 
LO. 015 
LO. 015 
LO. 01 
LO. 10 

LO. 15 
LO. 08 
LO. 3 
LO. 08 
L 0.08 
LO. 15 
LO. 2 

0.0106 

0.183 
L 0.0085 
L 0.05 
L 0.02 
LO. 09 

0.018 
6.37 

36.8 
8.99 

36.1 

LO. 15 
0.0338 

L 0.01 
LO. 015 
LO. 01 5 

0.026 
LO. 10 

0.01 36 
LO. 15 
LO. 08 

1.05 
L 0.08 
L 0.08 
LO. 15 
LO. 2 

0.186 
L 0.0085 
L 0.05 

0.044 
2.17 
0.097 
6.91 

37.1 
9.11 

38.8 

LO. 15 
0.0256 

L 0.01 
LO. 01 5 
LO. 01 5 

0.01 
LO. 10 

0.0111 
LO. 15 
LO. 08 
LO. 3 
L 0.08 
LO. 08 
LO. 15 
LO. 2 

0.181 
L 0.0085 
LO. 05 

0.023 
LO. 09 

0.024 
6.59 

36.4 
8.98 

38.5 

LO. 15 
0.0954 

L 0.01 
LO. 01 5 
LO. 01 5 
LO. 01 
LO. 10 
L 0.01 07 
LO. 15 
L 0.08 
LO. 3 
L 0.08 
L 0.08 
LO. 15 
LO. 2 

0.139 
L 0.0085 
L 0.05 
L 0.02 
L 0.09 

0.049 
3.96 

24.4 
4.95 
3.8 

LO. 15 
0.044 7 

LO. 01 
LO. 01 5 
LO.  015 
L 0.01 
LO. 10 

0.0087 
LO. 15 
LO. 08 
LO. 3 
L 0.08 
LO. 08 
LO. 15 
LO. 2 

0.141 
LO. 0085 
LO. 05 
LO. 02 
L 0.09 

0.027 
3.98 

24.6 
4.97 
3.88 

*E - extractable  metals 
D - dissolved metal s 
1 - infl  uent 
2 - post-clarification 
3 - effluent 
4 - Coldwater  River upstream of eff l  uent discharge 

L = less  t h a n  
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NOMENCLATURE 

m 2  

m3 

1 
rnl 
USG 
USGPD 
USGPM 

cm 
Inm 

mi n 
In 9 
l b  
i n. 
f t 2  
f t 3  
COD 
TOC 
BOD 5 
" C  

0.0. 
NFR 
VNFK 
FR 

TR 
STP 
FR 
H L A  
TC 
FC 
FS 

s PC 
NPN 

square metre 
cubic met re 
1 i t r e  
mill i l i t r e  
United States ga l  1 on 
United States  gallons per day 
United States  gallons per minute 
centirne%re 
m i  1 1  imetre 
minute 
mil 1 i gram 
pound 
inch 
square  foot 
cubic  foot 
chemical oxygen  demand 
t o t a l  organic carbon 
5 day biochemical oxygen  demand 
degrees Cel sius 
d i  ssol ved  oxygen 
non- f i l  terable  residue 
volatile  non-filterable  residue 
f i 1 terabl  e  residue 
total  residue 
sewage treatment pl  a n t  
f 1 ow recorder 
h i g h  level a1 arm 
total  col iforms 
fecal col iforms 
fecal  streptococci 
s tandard  plate count 
most probable number 

Y 

I 

I 
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APPENDIX 1 

Bacteriological  Results  for 
Merri t t  Sewage Treatment P1 a n t  
October 6 t o  October 9 ,  1980 

m 

Y 



- 30 - 

TABLE 1A 
DAILY BACTERIOLOGICAL RESULTS FOR MERRITT STP AND RECEIVING WATERS 

a 

0 

r) 

Sample Counts/100 m l  
S t a t i o n   D a t e  Ti me TC FC FS 35°C SPC/ml 

STP 1 06/10/80  0800  3.3~107  8.4~106  6.2~105 
1100 1 . 2 ~ 1 0 6  ~.8~106 22x105 

07/10/80  0800 2. lx107 2.7~106  3.0~105 
1300 6.0~10~ 3.2~106 LlO5 

08/10/80 0800 2 . 2 ~ 1 0 7  4.6~106  1.2~106 
1100 1.5~10~  4.0~10~ 1.4~106 
1300  l.lx107 4.6~10~ 6.0~105 

09/10/80  0800  4.1~107 1.8~10~ 1 . 1 ~ 1 0 ~  
1100 2.2~10~ 1.3~107  6.0~105 
1300 4.7~10~  1.8~10~ 3.0~105 

STP 2 06/10/80 0800 G8x107 5. 1x106 4.6~10~ 
1100 G8x106 2.3~10~  6.6~10~ 

07/10/80 0800 5.4~10~ 8. Ox106 1.8~10~ 
1300 3. 1x107 5 . 0 ~ 1 0 ~  3.3~10~ 

08/10/80  0800 3.3~10~  5.2~10~ 2.8~106 
1300 3.0~10~  1.3~10~ 4.0~105 

09/10/80 0800 2. 5x107 5. 7x106 3.3~10~ 
1300 6.4~10~  3.0~10~  1.3~10~ 

L = l e s s   t h a n  
G = g r e a t e r   t h a n  
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TABLE 1A (cont i nued)  
DAILY BACTERIOLOGICAL RESULTS FOR MERRITT STP AND RECEIVING WATERS 

Sarnpl e Counts/100 rnl 
St at i on Date  Ti me TC FC FS 35°C SPC/rnl 

STP 3 06/10/80  0800  3.1~105 8. 1x104  1.3~104  6.5~104 
1100  7.7~106 

07/10/80  0800 1.7~105 2.0~10~ Ll.OxlO4  7.5~104 
1300 3.0~106 4.9~105 1.9~105 

08/10/80 0800 9.0~104  3.0~104  2.0~104  2.2~105 
1300  G8x106 4.1~10~  2.3~10~  2.8~10~ 

09/10/80 0800  2.1~105  3.0~104  2.0~104  1.7~105 
1300  1.2~106  4.1~105  1.2~105 6.0~10~ 

STP 4 06/10/80  0800 8.4~10~ 9.3~105  2.0~106 

07/10/80 0800 9.1~106  1.3~106  1.5~106 

08/10/80  0800 6. 9x106 6.8~10~ 1.6~106 

09/10/80  0800  9.0~106  5.5~106  2.1~106 

I 

Y 

k 

L = less than 
G = greater than 
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m 

TABLE 1A (cont i nued) 
DAILY  BACTERIOLOGICAL  RESULTS FOR MERKITT  STP  AND  RECEIVING  WATEKS 

Sampl e Counts/100 rnl 
Station  Date Ti me TC FC FS 35°C SPC/rnl 

STP 5 06/10/80 0800 4 . 2 ~ 1 0 ~  L10 L 10 3 . 2 ~ 1 0 3  
1100 G8x104 G8x1 O4 G8x104 8 . 7 ~ 1 0 5  
1300 4 . 8 ~ 1 0 5  

07/10/80  0800 3 . 9 ~ 1 0 ~  130 130 1. 5x104 
1300 1 . 0 ~ 1 0 ~  1 . 5 ~ 1 0 ~  6 . 0 ~ 1 0 ~  

08/10/80 0800 1. lx104  670  9.4~104  6300 
1300 1 . 4 ~ 1 0 ~   2 . 3 ~ 1 0 5   1 . 6 ~ 1 0 5   2 . 3 ~ 1 0 5  

09/10/80 0800 68000  1000  1300 2. 5x104 
1300 8 . 3 ~ 1 0 5   2 . 2 ~ 1 0 5   1 . 1 ~ 1 0 5   1 . 4 ~ 1 0 5  

STP 6 06/10/80  0800  8.5~102 2 . 3 ~ 1 0 ~  63 1 . 8 ~ 1 0 4  
1100 G8x104 ~ 8 x 1 0 4  G8x104 1 . 4 ~ 1 0 ~  
1300 9 . 3 ~ 1 0 5  

07/10/80 0800 7900 3 00 430 3 . 4 ~ 1 0 4  
1100 2 . 3 ~ 1 0 ~  9 . 6 ~ 1 0 ~  2 . 8 ~ 1 0 ~  
1300 1 . 5 ~ 1 0 ~   3 . 2 ~ 1 0 ~   6 . 8 ~ 1 0 ~  
1500 1 . 8 ~ 1 0 5  2 . 0 ~ 1 0 ~  1 . 5 ~ 1 0 4   3 . 3 ~ 1 0 5  

I) 

08/10/80  0800 6500  310  740  7600 
1100 3 . 3 ~ 1 0 ~  1 . 4 ~ 1 0 ~  2 . 9 ~ 1 0 ~  
1300 2 . 5 ~ 1 0 ~  4 . 0 ~ 1 0 ~  2 . 4 ~ 1 0 5   3 . 8 ~ 1 0 ~  
1500 6 . 3 ~ 1 0 4  2 . 0 ~ 1 0 3  1 . 7 ~ 1 0 4  

1 

09/10/80  0800 G8000 1900 1800 5. lX104 
1100 3 . 3 ~ 1 0 ~   5 . 6 ~ 1 0 5   2 . 9 ~ 1 0 5   2 . 9 ~ 1 0 5  
1300 1 . 9 ~ 1 0 ~   2 . 4 ~ 1 0 5   1 . 3 ~ 1 0 5   3 . 4 ~ 1 0 ~  
1500 3 . 9 ~ 1 0 ~   5 . 9 ~ 1 0 ~   3 . 0 ~ 1 0 4  l.0x105 

I 
L = less than 
G = greater  than 
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TABLE 1A (cont i nued) 
DAILY BACTERIOLOGICAL RESULTS FOR MERRITT STP AND RECEIVING WATERS 

Sample Counts/100 ml 
Station Date Ti me TC FC FS 35°C SPC/rnl 

c1 06/10/80 
07/10/80 
08/10/80 
09/10/80 

L10 L 10 
3 3 
5 5 
8 5 

c 2  06/10/80 
0 7 / 1 0 / 8 0  

08/ 10/8O 

09/10/80 

4.2~104 1.9~104 
9. 4x104 2 .6~104  

2.7~04 1 . 2 ~ 1 0 4  

3.5~104  4.0~103 

C 2 A  09/10/80  14 2 

x1 O G /  10/80 
07/10/80 
08/10/80 
09/10/80 

4.  4x103 1.9~103 
5.7~103 2.0~103 

490  170 
2.3~103  750 

L = less than 
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TABLE 1A (continued) 
DAILY  BACTERIOLOGICAL  RESULTS FOR MERRITT  STP  AND  RECEIVING  WATERS 

Sarnpl e Counts/100 ml 
Station  Date T i  me TC FC FS 35°C SPC/ml 

N 1  06/10/80 
07/10/80 
08/10/80 
09/10/80 

80 20 

33 15 

34 6 

28 48 

N2 06/10/80 
07/10/80 

03/10/80 
09/10/80 

7 . 6 ~ 1 0 ~  860 
7 .2~103  800 

LlOO L 100 
210 130 

N3 06/10/30 
07/10/80 
08/10/80 
09/10/30 

40 20 

03 14  
56 19 
50 28 

G A 1  07/10/80 

08/10/80 
09/10/80 

9 . 6 ~ 1 0 ~  3 . 0 ~ 1 0 4  
2.  2x103 6. 1x103 

900 900 

L = less than 
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TABLE 2A MEAN BACTERIOLOGICAL RESULTS FOR MERRITT STP 
AND R E C E I V I N G  WATERS FOR ALL  SAMPLES 

Sample Count/100 m l  

S t  a t  i on TC FC FS 35°C SPC/ml  FC:FS 

S T P l  

2 

3 

4 

5 

6 

c 1  

c2 
C 2A 
X 1  

N 1 

N2 

N 3  

GA 1 

1 . 6 ~ 1 0 ~  ( l o ) *  6 . 3 ~ 1 0 ~  (10) 6 . 4 ~ 1 0 5   ( 9 )  13.3 

2. 5x107 ( 6 )  4. 5x106 (8 )  1. 7x106 (8 )  2.2 

8 . 3 ~ 1 0 5   ( 6 )  7 . 4 ~ 1 0 5   ( 7 )  4 . 4 ~ 1 0 5  ( 6 )  3 . 3 ~ 1 0 ~   ( 7 )  2.0 

8 . 4 ~ 1  O6 ( 4  ) 3. 6x106 ( 4 )  1 . 8 ~ 1 0 ~  ( 4 )  1.6 

5 . 4 ~ 1 0 5   ( 6 )  1 . 0 ~ 1 0 5   ( 6 )  7 . 1 ~ 1 0 4   ( 6 )  3 . 9 ~ 1 0 5  (8 )  2.1 

1 . 4 ~ 1 0 ~   ( 1 2 )  5 . 8 ~ 1 0 ~   ( 1 3 )  l . l x 1 0 5   ( 1 3 )  3 . 5 ~ 1 0 ~  (11) 4.4 
5.3 (3  1 4.3 (3  1 - 
5 . 0 ~ 1 0 ~   ( 4 )  1. 5x104 ( 4 )  3.3 

14 (1 1 2 (1 ) - 
3. zX1 03  (4 ) 1 . 2 ~ 1 0 3   ( 4 )  0.8 

43. a ( 4 )  22.3 ( 4  1 - 

57.3 ( 4 )  20.3 ( 4 )  - 
4 . 2 ~ 1 0 3   ( 3 )  1 . 2 ~ 1 0 4   ( 3 )  0.4 

5 . 0 ~ 1 0 3  ( 3 )  596.7 (3 ) 4.7 

* number i n   b r a c k e t s   i n d i c a t e s  number o f  samples c o l l e c t e d  

Sanlple S t a t i o n   L o c a t i o n s  

STP 1 - screened  raw i n f l   u e n t  
STP 2 - p o s t   a e r a t i o n  
STP 3 - p o s t   c l a r i f i c a t i o n  
STP 4 - a e r o b i c   d i g e s t o r  
STP 5 - p o s t   c h l o r i n a t i o n  
STP 6 - p o s t   d e c h l o r i n a t i o n  
C 1  - Coldwater   River   upst rearn  o f   d ischarge 
C2 - Coldwater   River   downstream  of   d ischarge  (west   s ide)  
C2A - Co ldwater   R iver  downstrean1 o f  d i s c h a r g e   ( e a s t   s i d e )  
X1 - c o n f l  uence o f   N i c o l  a  and  Col dwater   R ivers  
N 1  - N i  c o l  a R i v e r  - ups t ream  o f   con f l   uence 
N2 - N i c o l a   R i v e r  - upstream of Guichon  Creek 
N3 - N i  c o l  a R i v e r  - Sunshi  ne  Val l e y  Road - b r i d g e  
G A l  - combined  Sturnbl  es  Creek  and  Guichon  Creek 



UN 
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TABLE 3A MEAN  BACTERIOLOGICAL  RESULTS FOR STP  SAMPLES  AT  VARIOUS  COLLECTION  TINES 
R 

Sarnpl e Count/100 rnl 
Station  Time  TC  FC FS 35°C SPC/rnl FC:FS 

I 

STP 1 

S T P  2 

S T P  3 

S T P  4 

STP 5 

S T P  6 

0800 
1100 
1300 

0800 
1100 
1300 

0800 
1100 
1300 

08013 

0800 
1100 
1300 

0800 

1100 
1300 
1500 

2.9  x107  (4)* 8 . 4 ~ 1 0 ~   ( 4 )  
8.2 x106 (3)  6 . 6 ~ 1 0 ~  ( 3 )  
7.2  x106 (3)  3 . 2 ~ 1 0 ~  (3)  

3.7  x107 ( 3 )  6 . 0 ~ 1 0 ~  ( 4 )  
G8.0 x106 (1) 2 . 3 ~ 1 0 ~  ( 1 )  

1.4  x107 ( 3 )  3 . 1 ~ 1 0 ~   ( 3 )  

1.9  x105 ( 4 )  4 . 0 ~ 1 0 ~  ( 4 )  
- - 

2.1 x106 ( 2 )  1 . 7 ~ 1 0 ~  ( 3 )  

8.4 x l O G  ( 4 )   3 . 6 ~ 1 0 ~   ( 4 )  

5.1  x103 ( 3 )  6. Ox102 ( 3 )  
G8.O x104 (1) G 8 . 0 ~ 1 0 ~  (1) 
1.1 x106 (3)  2 . 0 ~ 1 0 5   ( 3 )  

5.1  x103 ( 3 )  6 . 9 ~ 1 0 ~  ( 4 )  

3.0 x106 ( 3 )  9 . 7 ~ 1 0 5   ( 3 )  
2.0 x106 ( 3 )  1 . 5 ~ 1 0 ~   ( 3 )  
2.1  x105 (3)  2 . 7 ~ 1 0 ~  (3)  

8 . 0 ~ 1 0 5   ( 4 )  
7 . 4 ~ 1 0 5   ( 3 )  
4. 5x105 ( 2 )  

2. 7x106 ( 4 )  
6 . 6 ~ 1 0 5  (1 )  
1. 7x106 (3)  

1 . 8 ~ 1 0 ~   ( 3 )   1 . 3 ~ 1 0 5  ( 4 )  
- 7 . 7 ~ 1 0 6  (1) 

8 . 7 ~ 1 0 5  (3)  1 . 7 ~ 1 0 ~   ( 2 )  

1 . 8 ~ 1 0 ~   ( 4 )  - 

3 . 2 ~ 1 0 4  (3 )  1 . 2 ~ 1 0 4  ( 4 )  

G8.0~104 (1)  8 . 7 ~ 1 0 5  (1)  
l . lx105 (3 )  2 . 8 ~ 1 0 ~  (3 )  

7 . 6 ~ 1 0 ~   ( 4 )  2 . 8 ~ 1 0 ~  ( 4 )  
2 . 9 ~ 1 0 5   ( 3 )  8 . 5 ~ 1 0 5  ( 2 )  
2 . 4 ~ 1 0 5  (3)  5 . 5 ~ 1 0 5  ( 3 )  
2 . 1 ~ 1 0 4  (3)  2 . ~ ~ 1 0 5  ( 2 )  

10.5 
8.9 
7.1 

2.2 
3.5 
1.8 

2 . 2  
10.5 
2.0 

2.0 

0.02 
- 

1.8 

0.91 
3.3 
6.3 
1.3 

G = greater  than. 
* number in brackets  indicates  number o f  samples  collected 
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APPEND1 X 2 

The Results of  a Flow-Through Bioassay 
Conducted on the  Effluent of the  Merritt 

Sewage Treatment P1 a n t  

Juergen Bauman 
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INTRODUCTION 

The Env i ronmenta l   Pro tec t ion   Serv ice   conducted  an o n - s i t e   f l o w -  

t h r o u g h   f i s h   b i o a s s a y  on t h e   e f f l u e n t   o f   t h e  fllerritt Sewage Treatment 

P l a n t  as p a r t   o f  an e v a l u a t i o n   o f   t h e   p l a n t ’ s   o p e r a t i n g   e f f i c i e n c y   i n  

October, 1980. Conduct ing a sewage b ioassay  on-s i te   negates  problems o f  

d e t o x i f i c a t i o n  caused  by   loss   o f   uns tab le   e lements   dur ing   the   t ranspor -  

t a t i o n   o r   s t o r a g e   o f  a sample. A f low- th rough  b ioassay   w i th   con t inuous  

sampl i n g  o f  t h e   e f f l u e n t  will measure t r a n s i e n t   e v e n t s   i n   t h e   f l o w   w h i c h  

coul  d be missed  by  grab sampl i ng ,   o r   by  a1 i q u o t   b a t c h i  ng sarnpl ers .  The 

f l o w - t h r o u g h   b i o a s s a y   i s   c o n s e q u e n t l y  a more s e n s i t i v e   a n a l y t i c a l   t o o l  

t h a n   t h e   s t a t i c   b i o a s s a y .  

METHODS 

The apparatus,   designed and c o n s t r u c t e d   b y   t h e   a u t h o r ,   i s  a 

- much m o d i f i e d  Mount  and Brungs (1) p r o p o r t i o n a l   d i l u t o r .  Some des ign  

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

H e m e r  ( 2 )  and by  Smith ” e t   a l .  ( 3 )  were  used,  as w e l l  as many v a l u a b l e  
s u g g e s t i o n s  made by Ron G. Wat ts ,  head o f  the Envi ronmenta l   Pro tec t ion  

S e r v i c e   A q u a t i c   T o x i c i t y   L a b o r a t o r y .  The f low- th rough  appara tus  was 

housed i n  a m o b i l e   l a b o r a t o r y  and moved o n t o   t h e   M e r r i t t  City Works Yard 

on  September 30, 1980.  The t e s t   f i s h  used i n   t h e   f l o w - t h r o u g h   b i o a s s a y  

were   ra inbow  t rou t   (Sa lmo  gardner i )   ob ta ined  f rom  the   Fraser   Va l ley   Trou t  

Hatchery,  a t  Abbotsford,  B.C., as eggs  and  subsequently  hatched and 

r e a r e d  a t  t he   Depar tmen t   o f   F i she r ies  and  Oceans, West Vancouver  Labor- 

a t o r y .  The a v e r a g e   f i s h   l e n g t h  was 7.4 cen t   i r ne te rs ,   w i th  a s tandard 

d e v i a t i o n   o f  0.89 cen t ime te rs ,   and   t he   ave rage   f i sh   we igh t  was 5.2 grams, 

w i t h  a s t a n d a r d   d e v i a t i o n   o f  1.98 grams. 
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The f i s h  were t r a n s p o r t e d   t o   M e r r i t t   f r o m   t h e   A q u a t i c   T o x i c i t y  

L a b o r a t o r y   i n   N o r t h   V a n c o u v e r   i n  an i n s u l a t e d   f i b r e g l a s s   t r a n s p o r t a t i o n  

t a n k   e q u i p p e d   w i t h   w a t e r   r e c i r c u l a t i o n  and an a e r a t i o n  system.  They  were 

e s t a b l i s h e d   i n   t h e   m o b i l e   l a b ' s   h o l d i n g   t a n k  on September 30, 1980, which 

a1 1 owed f o r   s i x  days o f   a c c l   i l n a t i o n   t o   t h e   l a b o r a t o r y   c o n d i t i o n s .  The 

f i s h  w e r e   n o t   f e d   a f t e r   b e i n g  removed  f rom  the  ho ld ing  tank i n   t h e   N o r t h  

Vancouver  Laboratory. 

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

o f  an ova l ,  200 1 i t r e   f i b r e g l a s s   t a n k   e q u i p p e d   w i t h  an ex terna l   s tand-  

pipe. The t a n k  was supp l   i ed   w i th  a c o n t i n u o u s   f l o w   o f   f r e s h   w a t e r   a t  a 

r a t e   o f   a p p r o x i m a t e l y  one l i t r e  a minute. A c o n s t a n t   f l o w   o f   f r e s h w a t e r  
f o r   t h e   f i s h   h o l d i n g   t a n k  and the   f l ow- th rough   b ioassay ,  was ob ta ined  by 

t h e  use o f  a submers ib le  pump l o c a t e d   i n   t h e   C o l d w a t e r   R i v e r ,   u p s t r e a m   o f  

t h e  sewage t r e a t m e n t   p l a n t   o u t f a l l .  The water  was pum?ed th rough  15 

m e t e r s   o f   r e i n f o r c e d   r u b b e r  hose. 

P1 a n t   e f f l u e n t   f o r   t h e   b i o a s s a y  was obta ined  by means o f  a con- 

t inuous ly   ope ra t i ng   submers ib le  pump p laced i n  a rnanhol e access on t h e  

e f f l u e n t   l i n e   d i s c h a r g i n g   i n t o   t h e   C o l d w a t e r   R i v e r .  The e f f l u e n t  was 

conducted t o   t h e  rnobil e l a b o r a t o r y   b y  means o f  60 me te rs   o f   re in fo rced  

rubber  hose. 

The f low- th rough  b ioassay   appara tus  was a d j u s t e d   t o   d e l i v e r  300 

m i l l i l i t r e s   p e r   m i n u t e   o f  each o f   f i v e   c o n c e n t r a t i o n s  and a c o n t r o l   t o  

t h e   t e s t   v e s s e l s   w h i c h   c o n t a i n e d   t h e   t e s t   f i s h .  The tes t   vesse ls   used  

w e r e   c y c l   i n d r i c a l   p o l y e t h y l e n e   t a n k s   w i t h   i n s i d e   d i m e n s i o n s   o f  32 cen- 

t ime te rs   w ide   by  47 c e n t i m e t e r s  deep. Cent ra l   g lass   s tandp ipes  were ad- 

j u s t e d   t o   m a i n t a i n  a volume o f  30 l i t r e s ,   f o r   w h i c h   t h e  95% replacement 

t ime ,   acco rd ing   t o   Sp rayues   cha r t  ( 4 ) ,  was 5 hours. 

The  concentrat ions  chosen  for   the  b ioassay,   based  on  prev ious 

s t a t i c   b i o a s s a y   d a t a  (LC50 equals  75% o r   g r e a t e r ) ,  were loo%, 85%, 72%, 
61% and 52% by  volume. 

I 

Y 

V 
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The w a s t e   w a t e r   f r o m   t h e   f l o w - t h r o u g h   a p p a r a t u s ,   t h e   t e s t  

v e s s e l s ,   a n d   t h e   f i s h   h o l d i n g   t a n k  was p i p e d   i n t o   t h e   C o l d w a t e r   R i v e r ,  

downstream o f   t h e   p l a n t   o u t f a l l .  

The t e s t   s o l u t i o n s  were  aerated  by means o f  a smal 1 p i s t o n  pump 

w h i c h   d e l i v e r e d  air th rough  g lass   we igh ted   Pas teur   p ipe t tes   suspended i n  

t h e   t e s t   v e s s e l s .  Air d e l i v e r i e s  were n o t  measured, b u t  were  est imated 

t o  be 250 mil 1 il i t r e s  a m inu te   a t  a minimum. Dissolved  oxygen 

de terminat ions   were  made w i t h  a YSI d i s s o l v e d  oxygen  meter  wi th a 
s e l f - s t i r r i n g   s u b m e r s i b l e   p r o b e .  An Or ion model 701 pH m e t e r   w i t h  an 

automatic  temperature  compensator  and a comb ina t ion   e lec t rode  was used 

f o r   t h e  pH de te rm ina t ions .  

RESULTS 

There  were no f i s h   m o r t a l i t i e s   d u r i n g   t h e   t r a n s p o r t a t i o n   o f   t h e  

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

period.  There  were no m o r t a l i t i e s   d u r i n g   t h e   b i o a s s a y .  The p l a n t   e f -  

f l u e n t  was n o t   t o x i c   d u r i n g   t h e   p e r i o d  of October 6, 1980 t o  October 10, 

1980. Dissolved  oxygen and pH data  are  presented i n  Tables 1 and 2. 

The f low- th rough  appara tus   opera ted   w i thout   p rob lems  un t i l  some 
t i m e  between 1600 hours,  October 7, and 0800 hours,   October 8. A t  some 

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

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

lowing  morning. The o p e r a t i o n   o f   t h e   a p p a r a t u s  was i n t e r u p t e d   f o r  an 

unde te rm ined   pe r iod   o f   t ime   (a  maximum o f  16 hours) .  
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.I 

T A B L E  4A p H   D A T A   F O R   T H E   T E S T   C O N C E N T R A T I O N S   W I T H I N   T H E   T E S T   V E S S E L S .  

C o n c e n t r a t i o n  

(by vol m e )  

100% 

85% 

7 2% 

6 1% 
52% 

Con t ro l  

A L L   D A T E S   A R E  IN 1980. 

Oct. 6 
0830 hrs .  

7.3 

7.4 

7.4 

7.4 
7.4 

7.8 

Oct. 7 

1030 hrs .  

7.4 

7.5 

7.4 

7.4 
7.5 

7.5 

Oct. 8 
0800  hrs. 

7.4 

7.4 

7.4 

7.5 
7.5 

7.6 

Oct. 9 

0800  hrs.  

7.4 

7.5 

7.4 

7.5 
7.6 

7.6 

Oct. 10 
0830  hrs. 

7.4 

7.4 

7.5 

7.5 
7.6 

7.6 

T A B L E  5A D I S S O L V E D   O X Y G E N   D A T A   F O R   T H E   T E S T   C O N C E N T R A T I O N S   W I T H I N  
T H E   T E S T   V E S S E L S  (pprn). A L L   D A T E S   A R E  IN 1980. 

Concen t ra t i on  

(by vol m e )  

100% 

85% 

7 2% 

61% 
5 2% 

Con t ro l  

Oct. 6 
0830 hrs .  

7.8 

8.6 
9.2 

9.2 

9.5 

10.6 

Oct. 7 
1030 hrs .  

6.4 

7.2 

6.4 

5.8 

7.7 

9.1 

Oct. 8 

0800 h r s .  

5.8 

6.3 
7.2 

7.6 

8.3 
10.0 

Oct. 10 
0830 h r s .  

7.2 

7.5 

7.8 

8.1 

9.2 

10.3 
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