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RESUME 

En novembre 1981, on a procede a' une briiive  etude des Gtangs  de 
s tab i  1 i s a t i o n  des eaux usees de Kaml oops a f i n   d 'gva l   ue r  que1 ques aspects 

de l ' e x p l o i t a t i o n   e t  du rendement de ces bassins.   Quatre  jours de su i te ,  

on a pr6levG des k h a n t i l   l o n s  Gtalonnes dans l e  temps S t r o i s   e n d r o i t s  

d i f f i i r e n t s  du systhe  d 'g tangs;   ensui te ,  on en a analys6  divers 

paramiitres  chimiques  et  physiques  aussi  bien que l a  p r k e n c e  de m6taux. 
On a prociidg 2 des ana lyses   bac tGr io loq iques   sur   les   khant i l lons  

pr i i levgs aux d i   f f i i r e n t s   e n d r o i t s  du s y s t h e  de bassins  a insi  que pour l e s  

eaux r g c e p t r i c e s   ( r i v i g r e  Thompson), L 'Svaluat ion du bassin de 

d k h l o r i n a t i o n ,   c o n d u i t e   s u r  une pgriode de deux semaines, ainsi   qu'un 
bio-essai avec poissons en cont inu  dans l ' e f f l u e n t   f i n a l   n ' o n t  pas donn6 

des resu l ta ts   en t ie rement   sa t is fa isan ts .  

Le  rendement du bassin de s t a b i l   i s a t i o n   e s t  Eva1 u6 2 
l ' i n t g r i e u r  des l i m i t e s  de cet te   cour te   Etude;   p lus ieurs  conc lus ions  e t  
recommandations  sont  apportges dans  ce rapport. 



ABSTRACT 

A b r i e f   s t u d y   o f   t h e  Kamloops sewage lagoons was c a r r i e d   o u t   i n  
November, 1981 i n  o r d e r   t o  assess some aspects  of   lagoon  operat ion and 

performance.  Composite  samples a t  three  s ta t ions  across  the  lagoon 

system were taken each day f o r   f o u r  days and analyzed  for   several  

chemical and physical  parameters as we1 1 as metal s. Bac te r io log i ca l  
analyses were car r ied   ou t  on samples taken   a t   seve ra l   l oca t i ons   i n   t he  

1 agoon system and the  receiv ing  waters  (Thompson River) .  An eva l   ua t ion   o f  

the  dechlor inat ion  lagoon  conducted  over a two week per iod and an  on s i t e  

cont inuous  f ish  b ioassay on t h e   f i n a l   e f f l u e n t  were n o t   e n t i r e l y  

successful . 
Lagoon performance i s  assessed w i t h i n   t h e   l i m i t s  of t h i s   s h o r t  

study and several  conclusions and recommendations  are made. 
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CONCLUSIONS AND RECOMMENDATIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

A1 though  the  lagoons  are  s l   ight l  y organical ly  over1 oaded , r e 1   a t i v e   t o  
recommended design,  the BOD5 removal was excel l e n t  a t  t h e   t i m e   o f  
t h e  study. However, t h i s  may no t  always be the  case, p a r t i c u l a r l y   i n  

1 a te   sp r ing  and e a r l y  summer  when t h e  1 agoons a r e   l e s s   e f f i c i e n t  . 
None o f   t he   Gu l f   Re f ine ry   e f f l uen t   cha rac te r i s t i cs   ana lyzed  a t  the   t ime 

of   th is   s tudy  should  adverse ly   a f fect   the  lagoon  t reatment .  

Fur ther   ana lyses ,   par t i cu la r ly   fo r   meta ls  and pathogens , will be re- 

q u i r e d   p r i o r   t o  a dec is ion  on t h e   u l t i m a t e   d i s p o s i t i o n   o f   l a g o o n  1 
sludge.  Provincial  and federa l   gu ide1  ines/ regulat ions must be adhered 
t o   f o r   d i s p o s a l  on a g r i c u l t u r a l  1 and. 

Acceptable  d is in fect ion was achieved and lagoon 4 provided  adequate 

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

Long te rm  mon i to r ing   o f   ch l   o r ine  usage and lagoon 4 e f f l  uent   co l   i form 

l e v e l s   i n   c o n j u n c t i o n   w i t h   f a c t o r s   a f f e c t i n g   b a c t e r i a   s u r v i v a l ,  will 
prov ide   gu ide l i nes   f o r   op t im iz ing   ch lo r i ne  dosage. 

Jar   tes ts   shou ld  be performed on lagoon 3 e f f l u e n t  on a regu la r   bas is  

i n  order   to   determine  the optimum a1 um dosage as the  wastewater   qual i ty  
changes . 
R e l i a b l e   i n f l u e n t   f l o w  measurement as well as f l ow  measurement  between 

1 agoons (o r ,  a1 te rna t ive ly ,   depth  measurement i n  each lagoon)  should 

be  prov ided  for   cont inuous  moni tor ing  o f   water  loss ( e x f i l t r a t i o n  and/ 

or  evaporat ion) and lagoon  loadings, and to   ass i s t   l agoon   ope ra t i on  

dec is ions   w i th   regard   to   e f f luen t   d ischarge  ra te  and  optimum lagoon 

vo l  umes . 
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8. Considerat i  on shoul d  be g iven  to   cons t ruc t ing  two smal 1 a1 t e r n a t i  ng 

s e t t l i n g  ponds a t  t h e   i n f l u e n t   t o  lagoon 4 t h a t  would  contain most o f  

t h e  a1 urn-precipitated  sol ids and mimin ize  the  deposi t ion  o f   these 

solids  throughout  the  lagoon. 

9. I f  and when these  lagoons become substant ia l ly   organica l ly   over loaded 

a l t e r n a t i v e s   a r e   a v a i l a b l e   t o  improve  performance  including: 

i ) mechanical  aeration . 
ii) b a f f l i n g   t o  maximize retent ion  t ime. 

i i i )   a d d i t i o n   o f  a 5 t h  lagoon. 

i v )  and poss ib ly ,   rec i rcu la t ion .  

10. Consideration  should be given t o  i n s t a l l a t i o n  o f  a se l f - c lean ing   f i ne  

screen on the  raw sewage f o r   t h e  removal  of  non-biodegradabl es, pa r t i c -  
u l a r l y  i f  the  pr imary  s l  udge i s  determined t o  be su i tab le   f o r   d i sposa l  

on agr icul tural   land.  Fine  screening will also  minimize  unsight ly 

f loa tab les  on the  lagoons. 

11. The sometimes-high l e v e l s   o f  phosphorous and suspended s o l i d s   i n   t h e  

f i n a l   e f f l  uent  are, t o  a varying  extent,  due t o  a1  gae. I f  these  el e- 

va ted   leve ls   a re  deemed unacceptable,  the  instal l a t i o n  o f  a suspended 

so l   i ds  removal  process  such as microscreening  should be considered. 

(A l te rna t i ve l y ,   t he  coagulation/sedimentation operat ion  could be 
re loca ted   to   the   lagoon 4 ef f luent . )  

12. Notwithstanding  the  problems  associated  with  the  continuous  bioassay 

apparatus,   the  e f f luent  was apparent ly  non-acutely  toxic  despi te  the 
h igh  ammonia concentrat ions (22.5 t o  23.5 mg/L). However, a t  
marginally  higher  temperatures  and/or pH, t h i s   e f f l u e n t   c o u l d  be 

rendered  acutely  toxic.  It i s  recommended,-therefore, t h a t   t h i s  
cond i t ion  be monitored and the  lagoons be upgraded as necessary t o  

e l im ina te   tox ic   d ischarges   to   the  Thompson River. 



13. 

- viii - 

The Kamloops c l ima te   (ho t  and d r y )   i s   p a r t i c u l a r l y   c o n d u c i v e   t o   e f -  

f luen t   land   d isposa l  (e.g. i r r i g a t i o n  and r a p i d   i n f i l t r a t i o n ) ;   l a n d  

d isposa l   o f   the   lagoon  e f f luen t   shou ld   con t inue  to  be i nves t i ga ted  as 

the  u l t imate  env i ronmenta l   ly -appropr ia te  d isposal  method f o r   t h e  

t r e a t e d  Kamloops sewage. Ground d isposal   e l iminates  the need f o r  

phosphorous  reduction, and therefore  the  concomitant  costs  associated 

w i t h  alum, and i n   t h e  case o f   r a p i d   i n f i l t r a t i o n   d i s i n f e c t i o n  may a l so  

be  unnecessary. 

14. The use o f   f l o a t i n g  (no r o o t s   t o   d i s l o d g e  when harves t ing)   aquat ic  

p l a n t s  has undergone  considerable  invest igat ion  in   recent   years as a 
means o f  upgrading  lagoons. These p lan ts   reduce  e f f luen t  suspended 

s o l   i d s  and phosphorous leve ls   par t l y   by   reduc ing  a1 gae concentra- 

t i ons .  The use o f   p l a n t s  such as water  hyacinths i n  lagoon 4 could 

improve e f f l  uent  qual i t y  wh i l e  a t  t h e  same t ime  reducing  or   e l  imi- 
nat ing   t he  need f o r  a1 um.  An appropriate  study  would be necessary t o  

determine  the  e f fect iveness and net  costs  of   employing such p lan ts  a t  

Kaml oops . . .  
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I INTRODUCTION 

I n   t h e   f a l l   o f  1981 the  Environmental  Protection  Service 

c a r r i e d   o u t  an eva l   ua t ion   o f   the  City o f  Kaml oops sewage lagoons  with 

p a r t i c u l a r  emphasis on lagoon 4 dechlor inat ion.  A t racer   s tudy  o f   lagoon 
4 using a l i t h i u m   s a l t  was undertaken t o  evaluate  the  lagoon  residence 

t ime  and f l ow   pa t te rn  . Tota l   res idual   ch lor ine  analyses were c a r r i e d   o u t  

d a i l y  a t  17 s ta t i ons   i n   t he   l agoon   ove r  a 2 week per iod.   Bacter io log ica l  

analyses were performed on samples from some o f  the  lagoon 4 c h l o r i n e  

s ta t ions   over   four  days,  as we l l  as on n i n e   r i v e r   s t a t i o n s  and  on lagoon 

i n f l u e n t s .  Due t o  problems  monitor ing  chlor ine and t o  a temporary 
shutdown o f   t he   t rea tmen t  system, a f u l l   e v a l u a t i o n   o f   t h e   d e c h l o r i n a t i o n  

process was no t  accompl i shed . 
I n   a d d i t i o n   t o   t h e   d e c h l o r i n a t i o n   i n v e s t i g a t i o n   f o u r   s e t s   o f  

samples  were taken o f  t h e   i n f l u e n t  raw sewage, lagoon 3 e f f l u e n t ,  and 

1 agoon 4 e f f l   u e n t  and analyzed  for   several   physical  and chemical 

parameters  including  metals. A1 so, a continuous  bioassay was run on t h e  

f i n a l   e f f l u e n t  and 3 sludge samples from lagoon 1 were analyzed  for  

metal s. 
I n   o r d e r   t o  assess the   impact   o f   the   Gu l f   Ref inery   e f f luen t  

which  discharges t o   t h e  Kamloops  sewer  system,  two 24 hour  composite 
samples ( taken  by  ref inery  personnel)  were analyzed fo r   severa l  

parameters inc l   ud ing  meta l  s. 
Chlor ine  residual   analyses were performed i n  s i  t u   u s i n g  an Epco 

Ch lo r tec t   ch lo r i ne   mon i to r   ( f o rward   ampermet r i c   t i t r a t i on ) .  Some 
samples  were a lso   ana lyzed  us ing   o ther   res idua l   ch lo r ine   ana ly t i ca l  

techniques  that   inc luded  the back t i t r a t i o n  method using  the  amperometric 

t i t r a to r   o r   t he   i odomet r i c   p rocedure ,  and a Hach CN-70 k i t  (DPD 

co lou r ime t r i c  method). All bacter io log ica l   analyses were c a r r i e d   o u t  on 
s i t e   i n  EPS's mobi le  laboratory.  Lagoon and r e f i n e r y  samples  were 

preserved as requi   red and shipped i n   c o o l e r s  v i a  c o u r i e r   t o  EPS's West 

Vancouver laboratory  for   analyses. 
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2 PROCESS DESCRIPTION 

A p l a n   o f   t h e  Kamloops facu l ta t i ve   l agoons   i s   p resen ted   i n  

F igure  1. The f l o w   p a t t e r n   a t   t h e   t i m e   o f   t h e   s t u d y   i s   i n d i c a t e d  by the  

arrows. Lagoon 1 was o u t   o f   s e r v i c e   f o r   d r y i n g  and eventual removal o f  

the  accumulated  s l  udge. 
The phys i ca l   cha rac te r i s t i cs   o f   t he   l agoons   a re   p resen ted   i n  

Tab1 e 1, showing t h a t  i f  a1 1 lagoons  are i n   s e r v i c e   t h e   t o t a l   s u r f a c e  
area i s  74.5 ha and t h e   t o t a l  volume 21.9 x l o 5  m3. The t o t a l   v o l -  

ume i s   t h e   e s t i m a t e d  maximum based on the  design maximum depths. Due t o  
sludge  accumulation  over  the  years  the maximum depths, and the re fo re ,   t he  

volumes, will now be somewhat less.  Furthermore, because the  lagoon 
system i s  operated with an in termi t tent   d ischarge  (Table 2), the  lagoon 

volumes  are  variable and seldom a t  maximum.  A1 so, due t o   i n f l o w  and 

ou t f l ow   con f igu ra t i ons   sho r t - c i r cu i t i ng  may occur. 

According to   the  operat ing  personnel  , t h e   i n f l u e n t  raw sewage 
f l o w   r a t e   i s  f a i r l y  cons is ten t  between 20 000 and 22 000 m3/d. 

The  sewage f lows  by   g rav i ty   th rough  the   f i r s t  3 1 agoons and 
t h e n   i s   t r a n s f e r r e d   b y  a submersible pump and bur ied p i  pel i ne t o   t h e   4 t h  

lagoon. L i q u i d  alum (48.5% A12(S04)3.14H20) i s   i n j e c t e d   i n t o   t h e  
t r a n s f e r  pump suct ion  by a metering pump a t  a r a t e   o f  about 3.4 L/min  (45 
IGPH) f o r  phosphorus  removal . Dis in fec t ion   i s   accompl ished  w i th   the  
i n j e c t i o n   o f  a gaseous c h l o r i n e   s o l u t i o n   i n t o   t h e   t r a n s f e r  pump discharge 

a t  the  ch lor inat ion  system's maximum capabi 1 i t y  o f  180 kg/d  (400 

1 b/day) . 
E f f l u e n t  i s  discharged by grav i ty   through a b u r i e d   l i n e  and 

s h o r t   o u t f a l l   t o   t h e  Thompson River. The r a t e   i s   m a n u a l l y   c o n t r o l l e d  

w i t h  a va lve and the  vo l  ume i s   t o t a l  i zed  by an in1  ine  meter.  
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TABLE 1 KAMLOOPS  LAGOONS PHY 
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SICAL CHARACTERISTICS 

MAX I MUM  MAXIMUM  SURFACE 
LAGOON VOLUME (x105  111311 DEPTH (m)l AREA ( h a )  

1 1.9 

2 1.8 

3 5.6 

4 12.6 - 
TOTAL 21.9 
- excluding Lagoon 1 20.0 

1.83  10.4 

1.83  9.8 

3.35  16.7 

3.35 37 -6 - 
74.5 
64.1 

1 Reference 1 
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TABLE 2 KAMLOOPS LAGOONS DISCHARGE SCHEDULE 

DATE 

~ ~~~~ ~ ~ 

RECOMMENDED DISCHARGE 

May 1 t o  September 30 

October 1 t o  November 30 

minimum,  no  more than   i n f l uen t  

i n f l  uent or higher depending on e f f l  uent and 

r i v e r   c o n d i t i o n s  

as necessary t o   b r i n g  down leve ls   wh i l e  

rnai n t a i   n i  ng adequate d i  1 u t i  on 

December 1 t o  March 31 none 
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3 DISCUSSION OF RESULTS 

Composite samples o f   t h e  raw in f luent ,   lagoon 3 e f f l u e n t ,  and 

1 agoon 4 e f f l  u e n t   ( f i n a l  ) were taken   da i l y  from November 2 t o  5 ,  1981, 

preserved, and forwarded t o   t h e  EPS l a b o r a t o r y   i n  West Vancouver f o r  
analyses. Each composite sample consis ted  o f  4 two 1 i t r e  grab samples 

taken 1 hour   apar t   w i th in   the  per iod 0800 t o  1200. These samples  were 
analyzed  for  several  physical/chemical  parameters and ext ractable  meta ls .  

The resu l ts   a re   d iscussed  in   Sec t ions  3.1 and 3.2, respect ive ly .  

Physical  /Chemical 

The physical /chemical   resul ts  are  presented i n  Table 3. The 

i n f l u e n t  (sample s t a t i o n  A )  data shows tha t   over   the  4 days o f  sampling 
t h e  raw sewage  became more d i l  Ute, p a r t i c u l a r l y   t h e   l a s t  2 days. The 

i n f l   u e n t  sample r e s u l t s  on November 5 i n d i c a t e   t h a t   t h e  raw sewage was 
r e l a t i v e l y   d i l u t e  (e.g. BOD5 = 70 mg/L, sur fac tan ts  = 1.7 mg/L, 

TPO4 = 3.3 mg/L),  not  only compared to   t he   p rev ious  3 days  but   a lso  to  

t y p i c a l  raw sewage.  The reason f o r   t h i s   i s   n o t  known, however it suggests 

i n f i l t r a t i o n  and /o r   i n f l ow   o f   re la t i ve l y   c lean   wa te r   i n to   t he  sewer 
system. As t he re  was no p r e c i p i t a t i o n   d u r i n g   o r   i m m e d i a t e l y   p r i o r   t o   t h e  

sampl ing  per iod,   the  source(  s )  was 1 i ke l  y spr ings,   the Thompson R iver ,   o r  

excess  water usage. 
The e f f l u e n t  (sample s t a t i o n  C) BOD5 resu l t s   a re   qu i te   l ow  

and w i t h i n   t h e   r e q u i r e d  limit, but   t he  suspended sol i d s  (NFR) a r e   e r r a t i c  

and q u i t e   h i g h  due t o   t h e  presence o f  a1 gae and crustaceans (e.g. Cl adocera 
and Copepoda) and/or  resuspended s e t t l e d  sol i d s  as the   resu l t   o f   w ind  and 

the  shal low  depth  of   lagoon 4. The r e d u c t i o n   i n  ammonia across  the  lag- 

oons was minimal, and probably due t o   t h e   l o w   r e t e n t i o n   t i m e  and seasonally 

cool  temperatures. The reduct ion i n  phosphorous  across  lagoon 4 was 
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1 1  

substant ia l   a l though  the  e f f luent   d id   not   a lways m e e t  t h e   r e q u i r e d   e f f l u e n t  

1 eve1 o f  1.5 mg/L, probably due t o  the   h igh   l eve l  o f  a1 gae and/or 

resuspended a1 um f loc. 

3.2 Metals 

The water samples bere  analyzed f o r  extractable  metal  s by 

emission  spectrophotometry and the  resul ts   are  presented  in   Table 40 None 

of the  resul ts  are  unique  except  for   the  increased a1 uminum concentrat ion 

across  lagoon 4 which  can be a t t r i b u t e d   t o   t h e   a d d i t i o n  o f  a1 urn. 

Gulf  Oil Ref inery 

The ref inery  process  wastewater i s   t r e a t e d   i n  an API o i l  sepa- 

r a t o r  f o l l owed   by   a   s to rage   l agoon   p r i o r   t o   d i scha rge   i n to   t he   C i t y  o f  
Kamloops  sewer  system. In   order   to   determine  whether   there were  any 

unusual ly  h igh  const i tuent  concentrat ions,   analyses were run on two 24 hour 

f i na l   e f f l uen t   compos i te  samples co l lec ted   by   the   re f inery .  The r e s u l t s  

are  presented  in  Table 5 and show that   concentrat ions were a l l  qu i te   low 
p a r t i c u l a r l y  f o r  the   cons t i tuents  o f  primary  concern,  phenols and cyanide. 

It seems 1 i ke l  y t h a t   t h e r e   i s  an e r r o r   i n   t h e  phenol Val ues , as the  

r e f i n e r y   c o n s i s t e n t l y   r e p o r t s  much higher  values,  general ly  in  the  range 10 
t o  30 mg/L. 

The metal   resul ts  are  presented  in  Table 6 and the   l eve l  s are  n o t  

unusually  high. 

3.4 S I  udge 

Three  grab sampl es o f  the   d ry ing  s l  udge i n  lagoon 1 and one 

sample  from  the  sludge bank i n  lagoon 4 were  analyzed f o r  metal s. Lagoon 1 
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TABLE 5 GULF. REFINERY EFFLUENT RESULTS~ 

PARAMETER  NOVEMBER 3 NOVEMBER 4 

BOD5 

COD 

TOC 

TR 

TVR 
NFR 

OIL GREASE 

SURFACTANTS 

PHENOLS 

CYANIDE  (CN)  

NH3  (N)  
N I T R I T E  (N)  
NITRATE (N )  ' 

TOTAL  PO4 (P ) 
T O T A L   A L K A L I N I T Y   ( C a C 0 3 )  

HARDNESS 

PH 

31 
195 

50 
1070 

130 
30 
56 
1.7 
0.06 
0.04 

3.2 

0.015 
0.01 

2.60 
110 
109.0 

7.2 

32 
180 
48 
890 
100 
21 
26 
1.3 
0.05 
0.03 

3.8 
0.022 

0.012 
2.41 

106 
99.1 
7.6 

1 A1 1 resul ts i n  m g / L  except pH 



- 11 - 

TABLE 6 GULF REFINERY EFFLUENT EXTRACTABLE  METALS (mg/L) 

PARAMETER NOVEMBER 3 

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

As < 0.075 < 0.075 
Ba 0.0762  0.0818 
Be < 0.001 < 0.001 
Cd 0.057  0.0166 
co < 0.0075 < 0.0075 
Cr < 0.0075 < 0.0075 
cu 0.037 1 0.0346 
Hg < 0.05 0.05 
Mn 0.0593  0.0656 
Mo < 0.015 < 0.015 
N i  < 0.04 < 0.04 
P 2.58  2.19 
Pb < 0.04 < 0.04 
Sb < 0.04 < 0.04 
Se < 0.075 < 0.075 
Sn < 0.1 < 0.1 
Sr 0.730  0.774 
T i  < 0.004 < 0.004 
V < 0.02 < 0.02 
Zn 0.105 0 0606 
A1 0.143  0.137 
Fe 0.736  0.65 
S i  6.75  7.78 
Mg 5.76 5.15 
Na 218.0  222.0 
Ca 34.2 31.2 

I 

Y 
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provides sedimentation for the raw  sewage and therefore the settled  solids 
are equivalent t o  primary sludge. The metals content is very  important i n  
determining environmentally-acceptable disposal o f  this potentially useful 
sludge. The results  are presented i n  Table 7. 

In general , sl udge  samples  from lagoon 1 had sl i g h t l  y higher 
metal concentrations than sludges from other B.C. communities (4 ) .  The 
lagoon 4 sludge generally had considerably lower concentrations than lagoon 
1, except for phosphorous and aluminum as  expected. 

The Provinci a1 government is  expected t o  issue "Guide1 i nes for 
Sludge Application t o  Land" i n  the near future, and Agriculture Canada 
presently has regulations governing allowable metal concentrations  for 
sludge appl ied t o  land. These  guide1 ines and regulations should be consul - 
ted during the  decision process regarding the  ultimate disposition of these 
sl udges . 

3.5 Baeteri 01 ogi cal 

Detailed results and discussion of the bacteriological analyses 
are presented i n  Appendix 1. The t o t a l  and fecal coliform results  for  the 
1 agoons are summarized i n  Table 8. The influent mean fecal count of 2.2 x 
106/100 mL i s  on the low end of  typical raw  sewage.  Very 1 i t t l  e reduc- 
t ion  occurred across lagoon 2 which  was probably due t o  the low residence 
time as a result of the low level , and short-circuiting due t o  the flow 
pattern. Lagoon 3 provided a larger col i f o n  reduction due t o  the 1 onger 
residence time. The low counts i n  lagoon 4 and the f i n a l  effluent  are due 
t o  the  chlorination of lagoon 3 ef f l  uent . Due t o  the low fecal counts and . 
small  number o f  samples there i s  no significant  difference between the 
results of  the  five sample stations i n  lagoon 4. 

The Thompson River was  sampled  upstream of the Weyerhauser p u l p -  
mil 1 o u t f a l l  , downstream of the mil 1 o u t f a l l  and downstream of the lagoon 
discharge  (Figure 2) .  An across-river  transect  consisting o f  3 sample 
stations was  made a t  each locat ion.  The fecal and t o t a l  coliform results 
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TABLE 7 KAMLOOPS LAGOONS SLUDGE METAL R E S U L T S ~  

LOCATION: LAGOON 1 LAGOON 1 LAGOON 1 LAGOON 4 
DATE : Nov 2/812 Nov 3/813 Nov 4/814 Nov 4/815 
PARAMETER 

Ba 379.0 502 . 0 928.0 132.0 
Be 0.301 0.27 0.388 < 0.18 
Cd 7.84 10.5 12.4 < 0.656 
Cr 129.0 150.0 203.0 112.0 
c u  1300 1680 1700 370.0 
Mn 241 . 0 210.0 302 . 0 147 . 0 
Mo 28.0 27.9 27.7 5.41 
Ni 58.6 49.6 46.4 < 6.56 
Pb 821.0 867.0 597.0 86.4 
Sn 355 . 0 471.0 414.0 < 16.4 
Sr 75.0 66.8 97.7 157.0 
V 46.8 43.0 52.1 40.5 
Zn 2470 1400 1560 178.0 
T i  800.0 664.0 647.0 . 481.0 
Si 2660 2650 2230 3340 
Mg 7150 6880 91  50 4710 
P 4080 51 90 6540 41800 
Ca 14500 14900 16700 11900 
Na 1050 1210 1940 1130 
A1 15200 15600 18900 85800 
Fe 20900 17000 23200 11400 

1 mg/kg dry weight basis 
2 eastern end 
3 northwest  corner 
4 southwest  corner 
5 a t  dock  near inflow 
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are summarized i n  Tab1 e 9, and ind icate  that   the  lagoon  d ischarge had no 

apparent   e f fect  on t h e   r i v e r   c o l i f o r m   l e v e l s   a t   t h e   t i m e   o f   t h e  study. 

3.6 Total  Residual  Chlorine 

One o f   the   p r imary   ob jec t ives   o f   the   s tudy  was t o  assess the 

na tura l   dech lo r ina t ion   occur r ing   in   lagoon 4. Th is   i nvo l ved   da i l y   i n  
s i t u   t o t a l   r e s i d u e   c h l o r i n e  (TRC) analyses  at 17 s ta t ions   (F igure  3 )  over 

a twelve day per iod.   Resul ts  of   the  monitor ing  are shown i n  Table 10. 
TRC values were var iab le  throughout   the  bas in and no apparent  consistency 

i s  noted i n   t h e  data.  Unstable  readings  observed  during  the  period 
October 31 t o  November 2 were a t t r i b u t e d  to instrument  problems 
encountered as  a r e s u l t  of damage sustained  by  the  Chlortect   instrument 

, i n   t r a n s i t   t o  Kamloops.  (The Ch lor tec t  had  been r e p a i r e d   i n   t h e   f i e l d  

p r i o r  t o  October 28 and i t s  performance on the  next   three days was very 
good. However, i t s   s a t i s f a c t o r y   o p e r a t i o n  was shor t - l ived.   Fo l lowing 

fur ther   repai rs ,   acceptable  operat ion  o f   the  inst rument  was regained and 
t h i s  was ma in ta ined   f o r   t he   res t   o f   t he  survey.)  Comparable ch lo r i ne  

moni tor ing was per formed  da i ly   us ing  o ther   s tandard  ch lor ine  analy t ica l  

methods as prev ious ly  mentioned. A s t a t i s t i c a l  assessment, described i n  

Appendix 2, shows tha t   t he   Ch lo r tec t  gave “Val  id”   readings a1 though  they 

averaged 30% lower  than TRC Val  ues obtained  by  the  other methods. Two 

reasons may account f o r   t h i s   d i s c r e p a n c y :   f i r s t l y ,   i n t e r f e r e n c e s   i n   t h e  
wastewater  samples,  which  are  supposedly  eliminated i n   t h e  back t i t r a t i o n  

methods, may have y ie lded a 1  ower reading a1 though  the  instrument 

manufacturer had s ta ted   p rev ious l y   t ha t   t h i s   s i t ua t i on  would  not be the  

case;  and  secondly, t he   e lec t ron i c  components o f  the  instrument may have 
been damaged and caused  a consis tent   reduct ion  in   the  readings.  

Assuming the  data i s   r e l i a b l e  (+30%), t h e   v a r i a b i l i t y   o f  TRC 
values  observed  throughout  the  lagoon  would  indicate  short-circuit ing. 
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From Table IO, a s i g n i f i c a n t  TRC drop  occurred  from  stat ion 18 
t o  13. Moving f u r t h e r  from t h e   i n f l u e n t   i n t o   t h e   l a g o o n ,  TRC values de- 

creased more slowly, and a l  so became more var iab le .   Assess ing   the   f i r s t  

two days, TRC decayed q u i c k l y   t o  minimum leve ls ,   p robab ly   i n  10-20 hours, 
as shown by t h e   l e v e l s   a t   s t a t i o n s  16,17, and 9-12, A f t e r  November 2, 
readings became va r iab le  and evidence o f   c h l o r i n e  demand  became apparent. 

High TRC l e v e l s  a t  t he   e f f l uen t   o r   i n   sec t i ons   o f   t he   l agoon   rep resen ted  

s h o r t   c i r c u i t i n g   o f   c h l o r i n a t e d  wastewater  moving  through  the  lagoon. 

It was noted  that  an ecosystem o f   h i g h e r   l i f e  forms  such as 

freshwater  crustaceans had developed i n   t h e  lagoon.  This  would  indicate 

tha t   m in ima l   leve ls  o f  c h l o r i n e  must e x i s t   i n  areas o f   t h e   b a s i n  a l l  year  

round (lo), Rapid decay o f   t h e   c h l o r i n e  and evidence  of a c h l o r i n e  

demand a t  many o f   t h e   s i t e s   i n d i c a t e d  a presence o f  reduced  sul f u r  

compounds (expected i n  a f a c u l t a t i v e  pond) . Very l i m i t e d   f i e l d  analyses 

f o r  S= and SO3= were  performed, The r e s u l t s  show tha t   low 1 eve1 s o f  

SO3' were present  but  S= was not  detected. 

3.7 Lagoon 4 Flow  Pattern 

An assessment o f   the   water  movement through  lagoon 4 was  made 
dur ing  the  survey. 

A mean d a i l y   v o l  ume reduc t i on   o f  18 500 m3/d, determined 

from  soundings,  occurred i n  lagoon 4 from  October 29 t o  November 4. 
Based on t h i s   r e d u c t i o n  and an i n f l uen t   f l ow   ra te   de te rm ined   to  be 40 700 

m3/d (except on November 3 rd  and 4 t h  when the   f l ow  was zero), t he  
mean dai ly   d ischarge  ra te  would have been approximately 47 500 m3/d. 

The lagoon 4 ef f luent   f low  meter   ind ica ted  a mean d a i l y   d i s c h a r g e   r a t e  o f  

14 600 m3/d fo r   th is   per iod ,   There fore ,  assuming these  f low 

measurements  were accurate,  approximately 32 900 m3/d was e x f i l t r a t i n g  
f rom  the 1 agoon. T h i s   r a t e   o f   e x f i  1 t r a t i o n   i s  unreasonable based on t h e  

raw sewage flow. The reason f o r   t h i s   d i s c r e p a n c y   i s   n o t  known; a l though 
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t h e   t r a c e r   r e s u l t s   a r e   t h o u g h t   t o  be co r rec t  no in fo rmat ion  on the  

t r a n s f e r  pump  was a v a i  1 ab1 e t o  con f i  rm  pump capacity.  Observation  from 

an a i  r c r a f t   i d e n t i f i e d  a f u l l  drainage  ditch  immediately  west  of  lagoon 4 

whose l i k e l y  source was lagoon 4. 

A concent ra ted   l i th ium  ch lo r ide   so lu t ion  (7 875 mg/L) was pre- 
pared i n   t h e  a1 um feed  day-tank and pumped i n t o   t h e   t r a n s f e r   l i n e   f r o m  

lagoon 3 t o  determine  f low  ra tes  to   the  lagoon and mix ing  pat terns and 
re ten t i on   t ime   i n   l agoon  4. 

t h e   t r a n s f e r  pump de l i vered  a f l o w   o f  40 700 m3/d (approximately 

tw ice   t he   repo r ted   i n f l uen t   f l ow   ra te ) .  Based on approximated  lagoon 

vo l  umes o f  5.2 x lo5 m3 (October 29) and 4.1 x lo5  m3 (November 4 )  and 
an i n f l u e n t  r a t e  o f  40 700 m3/d, t h 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   i n  
the  lagoon  dropped from 12.7 t o  10 days  over  the seven  day period. 

It was determined  that   the alum pump r a t e  was 3.41 L/min and 

Proo f   o f  a sho r te r   ac tua l   re ten t i on   t ime  was determined  from 

the   t racer   s tudy .   F igure  4 shows t h e  sequence o f   l i t h i u m   t r a n s f e r   t h r o u g h  

the  lagoon.  There was complete  d ispers ion  o f   l i th ium  throughout   the  bas in 
by t h e   6 t h  day. There was a lso  an i nd i ca t i on   o f   channe l i ng   i n   l agoon  4 as 

noted  by  the  presence  o f   l i th ium a t  t h e   e f f l u e n t  by t h e   t h i r d  day. 

3.8 M i  s c e l l  aneous 

On November 4 soundings and Secchi  disc measurements  were made 

a t  most o f   t h e   s t a t i o n s   i n   l a g o o n  4; the  resul ts   are  presented on Figure 

3. As t h e   r e s u l t s   i n d i c a t e   t h e  mean depth was approximately 1 metre 

(40") . Soundings made  on October 29 were  approximately 0.3 m greater. 

The Secchi d i s c  measurements ranged  between 40 cm (16")  and 46 cm (18") 

re f lect ing  the  h igh  concentrat ion  o f   a lgae  in   the  lagoon.   Determinat ion 

o f  pH 1 eve1 s were conducted d a i l y  a t  each s ta t ion .  The temperature  of   the 

1 agoon was  a1 so monitored  every day, and some analyses  for  reduced  sulphur 

compounds (SO3', S=) were also  performed. A reco rd   o f   t he   da i l y  amount 

o f   u l t r a - v i o l e t  (UV)  i r r a d i a t i o n  was  made w i t h   t h e  use o f  a UV moni tor  
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loca ted   a t   t he   con t ro l   bu i l d ing .   Da i l y  means and ranges f o r  pH 

temperature and UV i r r a d i a t i o n   a r e  shown i n  Table 11. 

The temperature and pH values  determined  at Kamloops  were found 

t o  be comparable t o   t h o s e   l e v e l s   o f  a ch lo r ina ted   mun ic ipa l   e f f luen t  used 
i n  a l abo ra to ry -sca le   i nves t i ga t i on   o f   na tu ra l   ch lo r i ne  decay (9). The 

mean l e v e l   o f   u l t r a v i o l e t   r a d i a t i o n   m o n i t o r e d   a t  Kamloops was 
approximately 50% o f   t he   l eve l   app l i ed   i n   t he   l abo ra to ry   s tud ies .  

It had  been ant ic ipated  that   the  express ions  be ing  devel  oped i n  
t h e  1 abora tory   fo r   dech lo r ina t ion   cou ld  be t e s t e d   a t   f u l l   - s c a l e  

cond i t i ons   w i th   t he  Kamloops lagoon system. The model developed was 

-d - [Cl] = K1 [Cl] [ X ]  + K2 [ C l ]  

d t  

where [ X ]  represents  organic  carbon  concentrat ion and the  second order 

term was found t o  be s i g n i f i c a n t   o n l y  when UV r a d i a t i o n  was present. The 
k i n e t i c   c o e f f i c i e n t s  ( K 1  and K2)  used i n   t h e  model t o   t e s t   t h e  

lagoon  system  are  given i n  Appendix 4. 

Based  on  a mean TOC i n f l u e n t   l o a d i n g   o f  55  mg/L, t he   ch lo r i ne  

l e v e l  would  be  expected t o  decay i n  2 hours t o  96% o f   i t s   i n i t i a l   l e v e l  

under  zero UV r a d i a t i o n  and t o  86% o f   i t s   i n i t i a l   l e v e l  under  zero UV 

r a d i a t i o n   o f  2mW/cm2. Using  the decay o f  TRC f rom  s ta t ion  18 (Table 

10) t o   s t a t i o n  13 ( o r  14,  15, 16)   w i th  an approximate  time span o f  2 
hours ,   the   ch lo r ine   leve ls  dropped  very much more than  the  predicted 4 t o  

14%. Obviously,   other  dechlor inat ion  features  (not  invest igated  at  bench 

s c a l e )   c o n t r i b u t e d   t o   t h i s  more r a p i d  decay; f a c t o r s  such as reduced 

s u l f u r  compounds  and ch lo r i ne   i n te rac t i ons   w i th   a lgae  and other   mater ia l  
i n  t h e  lagoon. 

A continuous  bioassay  using  rainbow  trout was set up  on the  

f i n a l   e f f l u e n t .  A1 though an  LC50  was not  determined  'due t o  equipment 

malfunct ions,  no f i s h   d i e d   i n   t h e  100% e f f l u e n t  sample.  (The bioassay 

resu l t s   a re   p resen ted   i n  Appendix 3 )  . 
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TABLE 11 LAGOON 4 pH, TEMPERATURE  AND UV IRRADIATION LEVELS 

PARAMETER DAILY MEAN  RANGE 

PH 7.48 

Temperature ("C) 6.7 

uv (mW/cm2) 0.90 

D a i l y  UV p e a k   l e v e l  s (mW/cmZ) 1.92 

6.05 - 8.05 

5.8 - 9.0 

0.72 - 1.12 

0.93 - 2.60 

w 

I 
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4 PROCESS EVALUATION 

Complete eva lua t ion  o f  a facu l ta t i ve   lagoon  t rea tment  system 
would  require a f u l l   y e a r ' s   s t u d y   i n   o r d e r   t o  assess  lagoon  behaviour 

under a l l   c o n d i t i o n s   o f  weather,  lagoon volume, and i n f l u e n t   q u a l i t y .  

Al though  the scope o f   t h i s   s t u d y  was ve ry   l im i ted  some observations and 

esti,mations  of  lagoon  performance and c a p a b i l i t i e s  can be made. 

4.1 Organic  Loading and Residence Time 

Several  design  parameters can  be calculated  f rom  the volumes 

and surface  areas  (Tabl e 1) i n c l   u d i  ng organic  loading and t h e o r e t i c a l  

residence  t ime.  For  the  organic  loading  determination  the  average 

i n f l u e n t   r a t e  and BOD5 concentrat ion  are assumed t o  be 21 000 m3/d 
and 140 mg/L, respect ive ly .  A summary o f  t h e   r e s u l t s   f o r  Kaml oops are 

compared t o   t y p i c a l   d e s i g n  Val ues i n  Tabl e 12. 
Organ ica l l y ,   the  Kamloops lagoons  appear t o  be overloaded  rela- 

t i v e   t o   t y p i c a l   d e s i g n   c r i t e r i a .  However, from t h e   i n f l u e n t  BOD5 
resu l ts   (Tab le  1) t h e  BOO5 may average  less  than 140 mg/L. I f  100 mg/L 

i s assumed, which i s   q u i t e  1 ow fo r   mun ic ipa l  sewage and would  indicate 
c o n s i d e r a b l e   i n f i l t r a t i o n / i n f J o w ,   t h e   l o a d i n g  would be about 28 kg/ha/d 

(25 1 b BODg/acre/day) , s t i l l  on the   h igh   s ide   o f  recommended design. 

This  does not  mean t h a t   t h e  Kamloops lagoons  are  over1 oaded, o n l y   t h a t  

they may be approaching t h i s   c o n d i t i o n  as in f luent   load ings   inc rease;   the  

t r u e  measure o f  capaci ty  o f  course, i s  the   e f f luen t   o rgan ic   leve ls ,  

The theo re t i ca l   res idence   t ime   i s   h ighe r   t han   s ta ted  as t y p i c a l  , 

des ign   fo r   facu l ta t i ve   lagoons and would  therefore seem more than 

adequate. However, t he   ac tua l   re ten t i on   t ime  will be considerably   less 
due to   dev ia t ion   f rom  p lug   f low,   se t t led   s ludge  accumula t ion   s ince   s ta r t  

up, and e x f i l t r a t i o n .  Also, because o f   i n te rm i t ten t   d i scha rge   p rac t i ced  

a t  Kamloops the  lagoons  are  operat ing a t  less  than maximum volume much o f  
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TABLE 12 KAMLOOPS  LAGOONS OPERATING CHARACTERISTICS 

TYPICAL DESIGN 

KAMLOOPS REF. 2 REF. 3 

(1 b BODg/acre/day) 

39.5 

32.5 

24 17 - 35 

20 15 - 30 

Theoret  i cal  Residence T i  me ( d )  95 50 - 60 ” 

m 

.I 
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m 

1 . r  

I 

in 

the  t ime.  Another  reason  the Kamloops lagoons  are  apparent ly  organical ly 

overloaded  but have  adequate theo re t i ca l   res idence   t ime   i s  because 

lagoons 3 and 4 are  3.35 metres deep compared t o  a recommended design  for 
f acu l ta t i ve   l agoons   o f  0.6 t o  2.4 metres (2,3); i n   o t h e r  words, t h e  

surface  area t o   v o l  ume r a t i o   i s   l e s s  a t  Kaml oops t h a n   t y p i c a l   f a c u l t a t i v e  

lagoon  design. 

4.2 Phosphorous Removal 

E f f l u e n t  phosphorus  reduction i s  accompl ished by coagulat ion/ 

sedimentation  using alum. A 48.5% s o l u t i o n   o f  alum i s   i n j e c t e d   i n t o   t h e  

suc t i on   o f   t he   l agoon  3 t r a n s f e r  pump a t  a r a t e   o f  about 3.4 L/min (45 
IGPH). The c a p a c i t y   o f   t h e   t r a n s f e r  pump  was determined  dur ing  the 

t racer   s tudy  and was found to   d ischarge  about  41 000 m3/d. This  re- 

s u l t e d   i n  an alum  (as A12(S04)3.14H20) concentrat ion  of   about 78 mg/L, 

compared t o  t h e  recommended dosage o f  150 mg/L (1) . A1  um requirements 

depend on severa l   fac to rs   inc lud ing  pH, temperature,   a lka l in i ty ,  and 
phosphorus  concentration, and the re fo re  can  vary as these  parameters 

vary.  Consequently i n   o r d e r   t o   o p t i m i z e  alum  dosage, j a r  tests  should be 
rout inely  performed (once/week i n i t i a l l y )  and t h e   t r a n s f e r  and alum pump 
capac i t i es   ve r i f i ed .  

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

According to   t he   t rea tmen t   f ac i  1 i t y  operators   the  ch lor ine 

(gas) dosage r a t e   i s  usual 1 y mainta ined  a t  180 kg/d (400 1 b/day) , the  

maximum capabi 1 i t y  o f  t h e   c h l o r i n a t i o n  equipment . The ch lo r i ne   so l   u t i on  

i s  i n j e c t e d   i n t o   t h e   t r a n s f e r   l i n e  between  lagoons 3 and 4. Therefore, 
when e f f l u e n t   i s   n o t   b e i n g  pumped from  lagoon 3 t o  4 c h l o r i n a t i o n  ceases, 
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as was the  case from October 26 t o  28 and November 3 t o  5. Assuming a 

f l ,ow  ra te   o f  40 700 m3/d, t h e   c h l o r i n e  dosage i s  4.4 mg/L. A f t e r  an 

est imated  ch l   or i   ne/wastewater   contact   t ime  o f  10 minutes  (calculated 

r e t e n t i o n   t i m e   i n   t h e  sewer l i n e  between c e l l s  3 and 4 )  a median c h l o r i n e  

res idua l   o f  0.9 mg/L (S ta t i on  18) was found. This compares w i t h  a 

recommended c h l o r i n e  dosage f o r  an ac t i va ted   s ludge   e f f l uen t   o f  2.0 t o  

9.0 mg/L w i t h  a c h l o r i n e   r e s i d u a l   o f  0.5 mg/L a f t e r  15 minutes  of   contact  

(8) 
The bac te r io log i ca l  and t o t a l   r e s i d u a l   c h l o r i n e   r e s u l t s  were 

discussed i n  Sections 3.5 and 3.6, respect ive ly .  As previously  noted  the 

lagoon 4 c o l i f o r m   l e v e l s  were low and the   lagoon  e f f luen t  had  no apparent 

e f f e c t  on Thompson R ive r   co l i   f o rm  l eve l  s. These resul ts   suggest   that  
t h e   l e v e l  o f  c h l o r i n a t i o n  was more than adequate. The quan t i t y   o f  
ch lor ine  requi red  should be less   than  tha t   o f  a comparable ac t i va ted  

s ludge  e f f luen t  due to  the  residence  t ime  provided  by  lagoon 4 and t h e  
n a t u r a l   r e d u c t i o n   i n   b a c t e r i a   l e v e l s   t h a t  wi 11 occur as a r e s u l t   o f  

exposure to   sun l igh t ,   a lgae,  and predators, and varying  temperatures 

p r i o r   t o  discharge;  the alum should  a lso  reduce  co l i form  leve l   by 

removing  sol ids-associated  bacteria from the  water column. The actual  

c o n c e n t r a t i o n   o f   c h l o r i n e   r e q u i r e d   t o   p r o v i d e  adequate d i s i n f e c t i o n  and 

meet t h e   p e r m i t   e f f l u e n t   t o t a l   c o l i f o r m   l e v e l   o f  5000 MPN/100 mL will 
vary depending on wastewater  quality,  lagoon  residence  t ime, and weather. 

A1 so it has been repor ted ( 5 )  t h a t   h i g h   l e v e l s   o f   a l g a e  will consume the  
c h l o r i n e  and reduce i t s   e f f e c t i v e n e s s  as a bac ter ic ide ,   wh i le   the  

b a c t e r i c i d a l   e f f e c t   o f   l a r g e  a1 gal  populat ions wi 11 tend t o  reduce 

ch lor ine  requi rements;   which  e f fect   is   greater   is   not   d iscussed.  The 

na tu ra l   co l i f o rm decay r a t e  can va ry   subs tan t i a l l y  from summer t o   w i n t e r ,  

and can be as  much as 16 t imes   g rea te r   i n  summer (6),   most ly due t o  
sun l i gh t  (7). Therefore,  lagoon 4 ef f luent   should be rout ine ly   moni tored 

(e.g . once/week) f o r   c o l i f o r m   l e v e l  s ,  and co r re la ted   w i th   ch lo r i ne  usage 

and o ther   parameters   inc lud ing   hours   o f   l i gh t  and residence  t ime. Such 
mon i to r ing  wi 11 provide  guide1  ines  for  optimum c h l o r i n e  dosage and may 

I 

m 
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demonst ra te   tha t   less   ch lo r ine   i s   requ i red   (perhaps  none some o f   t h e  

t ime)  . Due t o   t h e   v a r i a t i o n s   i n  1 agoon 4 residence  t ime and seasonal 

discharges,  long  term  (about 2 years)   moni tor ing may be requ i   red   t o  
e s t a b l i s h  seasonal ch lo r ine   requ i rements   bu t   the   po ten t ia l   sav ing   in  

ch l   o r ine   cou ld   eas i  1 y o f f s e t   t h e  sampl i ng and ana ly t i ca l   cos ts  . 
Apart   f rom  cost   reduct ion,   less  ch lor ine usage will minimize 

e f f l u e n t   t o x i c i t y  and may reduce  lagoon 4 organic  loading  by  lessening 

a l g a l   c e l l   l y s i s .  
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NOMENCLATURE 

m 

m3 

cm 

BOD5 
I GPM 

I GPH 
l b  

met r e  
cubic met r e  

cent   imet   re  
mil 1 igram 

k i  1 ogram 
1 i t r e  

millilitre 
m i  11 i watt  

membrane f i  1 t r a t i o n  
c o n c e n t r a t i o n   i n  a bioassay a t  which 
50% o f  t h e   f i s h   d i e  
5 day biochemical oxygen demand 

imperi  a1 gal 1  ons per  minute 

imperial  gal lons  per  hour 

pound 

c 

w 

m 
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1 INTRODUCTION 

Bacter io log ica l  sampl i ng and analys is  were car r ied   ou t  November 3- 
5, 1981 a t   seve ra l   l oca t i ons   i n   t he   l agoon  system and across 3 t ransec ts   (9  
s t a t i o n s )   i n   t h e  Thompson River. All samples  were analyzed on s i t e   i n  EPS’ 

mobi le   laboratory .  The bacteriological  sampling  schedule and s t a t i o n  
descr ip t ions   a re   p resented   in   Tab les  1 A  and 2A, respect ive ly .  The d a i l y  

resu l ts   a re   p resented   in   Tab les  6A and 7A and a summary i n  Tab1  e 3A. II 

m 

2 LAGOONS 

I 

2.1 Total col i f o rm measurements 

To ta l   co l i f o rm measurements  were made on t h e   i n f l u e n t  (KLO1) and 
I 

f i n a l   e f f l u e n t  (KL05). The  mean t o t a l   c o l i f o r m   f o r  4 i n f l  uent samples was 

1.3~107/100 mL which  dropped t o  a mean o f   1 . 5 ~ 1 0 ~ / 1 0 0  mL i n   t h e   f i n a l   e f f l u e n t .  I 

It should be no ted   t ha t   t he  mean f i n a l   e f f l   u e n t   c o u n t   i s  skewed by a sing1 e 

h igh  measurement o f  5.7~103/100 mL on Nov  .4. The cause o f   t h i s   h i g h   c o u n t  I 

i s  not  known  and was not  observed i n   t h e   f e c a l   c o l i f o r m  measurements. 

L 
2.2 Fecal  col i form measurements 

Samples o f   i n f l u e n t  (KLOl),  lagoon 2 e f f l u e n t  (KL02),  lagoon 3 
Y 

e f f l u e n t  (KL03),  lagoon 4 (KL04A-KL04D)  and f i n a l   e f f l u e n t  (KL05)  were 
analyzed  for   feca l   co l i forms.   Percent   reduct ion  o f   feca l   co l i forms  a t  each UI 

treatment  stage i s  presented i n  Table 4A. Treatment i n  lagoon 2 d i d   n o t  

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

re la t i ve ly   h igh   th roughout   lagoon 3 p r i o r   t o   c h l o r i n a t i o n .  Samples c o l -  

l e c t e d   a t   f o u r   l o c a t i o n s   i n   l a g o o n  4 i n d i c a t e d   v i r t u a l l y  100% o f   t h e   f e c a l  
co l i fo rms were k i l l e d   t h r o u g h   c h l o r i n a t i o n  and the re   d id   no t  appear t o  be a 

s ign i f i can t   reg rowth   o f   i nd i ca to r   bac te r ia   i n   t he   f i na l   t r ea tmen t   l agoon  

and e f f l  uent. 

.I 

(II 
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2.3 Fecal   streptococci  measurements 

1 

P 

m 

a 

a 

I 

1 

A1 1 .samples c o l l e c t e d   f o r   f e c a l   c o l i f o r m   a n a l y s i s  were a1 so ana- 

lyzed  for   feca l   s t reptococc i .   Percent   reduct ion  across  the  lagoon system i s  

presented i n  Table 4A and the   ca l cu la ted   f eca l   co l i f o rm:   f eca l   s t rep tococc i  

ra t ios   a re   p resented   in   Tab le  5A.  The i n f l u e n t   r a t i o   o f  4.7 i s   c o n s i s t e n t  

w i th   l i te ra tu re   da ta   fo r   mun ic ipa l   was tewater  (je., human sewage). The 

rat ios  increase  wi th   increased  re tent ion  t ime  suggest ing  the  feca l   co l i form 

organisms  are  bet ter  able  to  survive  in  the  lagoon  environment.  

2.4 Standard  Plate Count  measurements 

These measurements  were made  on t h e   i n f l u e n t  and f i n a l   e f f l u e n t  

samples. U n f o r t u n a t e l y ,   d i f f i c u l t i e s  were encountered  with  respect t o  ex- 

ternal   contaminat ion and improper  incubation  temperatures and the re fo re   t he  

resul ts   are  not   conc lus ive.  The da ta   d id   i nd i ca te   t ha t   bac te r ia   l eve l s  were 

reduced  approximately 98% p r i o r   t o  discharge. 

3 RIVER SAMPLING 

Thompson River  samples  were c o l l e c t e d  above the  Weyerhauser d i s -  
charge (TROl),  above the  lagoon  discharge (TR02) and bel ow the  lagoon 
discharge (TR03). V a r i a t i o n s   i n  TC, FC and FS values a t  a l l  s t a t i o n s   i n   t h e  

r i v e r  were no t   cons idered  s ign i f i can t  and the  lagoon  discharge  did  not   re-  

su l  t i n  an increase i n   i n d i c a t o r   b a c t e r i a   l e v e l s   i n   t h e   r i v e r .   H i g h  TC and 
FC values were noted a t  TR02B on  November 3. The source  of   th is  contami-  

na t i on  was n o t   i d e n t i f i e d  and subsequent  samples re tu rned   t o   l ow   l eve l s .  
Standard  p late  count measurements  were extremely  var iable and were 

s u b j e c t   t o   t h e   d i f f i c u l t i e s   a l l u d e d   t o   e a r l i e r .   N e v e r t h e l e s s ,   t h e   i n c r e a s e  
i n   t h e   b a c t e r i a   c o u n t  downstream o f   t h e   p u l p m i l l   d i s c h a r g e   i s  an expected 

resu l t ,   s i nce   bo th   t he   pu lpmi l l  and sewage lagoon  discharges  are  introducing 

, b a c t e r i a   i n t o   t h e   r i v e r  system. 
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TABLE 1A BACTERIOLOGICAL  SAMPLING  SCHEDULE m 

I 

DATE : November  3  November  4  November 5 
Sample Time Parameter Time Pa ramet e r T i  me Parameter 
S ta t i on  

II 

KLOl 

KL02 

KL03 

KL04A-D 

KL05 

TROl -TR03 

1  1 OOh TC , FC , FS, SPC 0800h TC,  FC,  FS , SPC 0800h TC, FC  ,FS ,SPC Y 

1300h TC,FC,FS,SPC 1  lOOh FC,FS,SPC 1  lOOh FC,FS,SPC 
1 300h FC  ,FS, SPC 1300h FC,FS,SPC 

0800h FC , FS 0800h FC  ,FS 0800h FC,  FS 
1300h FC, FS 

n 

0800h FC,  FS 0800h FC,  FS 0800h FC,  FS 
1 300h FC , FS 

I 

m 

11 OOh  FC,FS llOOh FC,FS llOOh FC,FS 

I 

0800h TC,FC,FS,SPC 0800h TC,FC,FS,SPC 0800h TC,FC,FS,SPC 
1300h TC,FC,FS,SPC 

IL 

once TC,FC,FS,SPC once TC,FC,FS,SPC once TC,FC,FS,SPC 
d a i l y   d a i l y   d a i l y  

I 

I 
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TABLE  2A  BACTERIOLOGICAL  SAMPLE STATION DESCRIPTIONS 

KLOl 

KL02 

Kt03 

KL04A 

KL04B 

KL04C 

KLO4D 

KL05 

TROl A 

TROl B 

TROl C 

TROEA 

TR02B 

TR02C 

TR03A 

TR03B 

TR03C 

I n f l  uent sewage 

Composite sample o f  lagoon 2 e f f l uen t   co l l ec ted  from discharges a t  
NW and NE corners 

A t  dischage pump from  lagoon 3 

Lagoon 4 

Lagoon  4 

Lagoon 4 

Lagoon 4 

Lagoon 4 e f f l u e n t  

Thompson R.- 100 m upstream o f  Weyerhauser discharge - A i  rpor t   S ide 

I1  I1 I1 11 I1 - Mid Channel 

- Lagoon Side I1  I1 I1  I1 I1 

I1 - 175 m I' o f  lagoon  discharge - Airport   Side 

11 11 I1 I 1  I1 - Mid Channel 

- Lagoon S i  de I1 11 I1 I1 I I  

I1 - 300 m downstream o f  lagoon  discharge - A i rpor t   S ide  

I1 I1 It I 1  11 - Mid Channel 

I1 II I1  I8 I1 - Lagoon Side 
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TABLE  4A  PERCENT REDUCTION OF FECAL  COLIFORMS AND FECAL  STREPTOCOCCI AT 

VARIOUS  TREATMENT  STAGES 

% REDUCTION FROM INFLUENT 

Post-Lagoon 2 Post-Lagoon 3 F i n a l  Effl uent 

Fecal  Col i f o n  40.9 

Feca l   S t reptococc i  76.1 

( T o t a l   C o l i f o r m  - 

80.9 

94.6 

- 

99.9985 

100 

99 . 988 

TABLE 5A FC:FS RATIOS AT VARIOUS TREATMENT  STAGES 

TREATMENT  STAGE FC:FS RATIO 

I n f l   u e n t  

Post  -Lagoon 2 
4.7 

11.8 
Post-Lagoon 3 16.8 

F i n a l  Effl uent 3.3 
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TABLE 64 WILY  BACTERIOLOGICAL RESULTS - l v l " S  EWE LAaXMS 

20 < 10 
110  10 

< 10  10 

10 < 10 
10 < 10 

4 10  10 

40 < 10 
< 10 < 10 

10 20 

< 10  10 
10 < 10 

< 10 < 10 

KLo5 Nw. 3 10 20 < 10 2.oxl04 
4 5.7xl03 10  10 2.6x105b 

(C@w5 110 80 < 10 1.1X105b 
(130015 130 20 < 10 1.3xlo5b 

a = 24 hour plate uwnt 
b = estimate  only;  possible  external  contanination 
NOTE: unless otherwise stated all collection times are O8OOh 



TRO1 A 

TROl B 

TRol c 

T R M A  

lRO26 

TRo2 c 

TRO3 A 

lRO3 6 

TRo3 c 

Nw. 3 
4 

Nw. 3 
4 
5 

Nw. 3 
4 
5 

Nw. 3 
4 
5 

Nar. 3 
4 
5 

Nw. 3 
4 
5 

Nov. 3 
4 
5 

Nw. 3 
4 
5 

Nw. 3 
4 

30 
86 

40 
18 
4 

10 
24 
8 

32 
26 
2 

890 
14 
2 

28 
58 
16 

26 
20 
2 

60 
14 
4 

84 
42 

2 
10 

80 
14 
6 

6 
8 

12 
16 
4 

330 
4 
10 

10 
6 
4 

2 
6 
6 

24 
10 
a 
12 
10 

19 
48 

8 
18 
16 

18 
14 
16 

16 
26 
8 

14 
30 
10 

24 
16 
26 

10 
24 
14 

32 
26 
20 

32 
10 

56a 
410 

58a 
% 
130 

6 9  
89 
190 

5oa 
. 149 

208 

89a 
2.8X103b 
1.lXlfi 

33oa 
3.3xlo3b 
2.7~103 

3.6~103 
2.5X103b 

3.oxl03 

110 

1.6x103b 
109 

350 
3.4~103 

a = 24 hour plate mnt 
b = estimates only;  possible  external antanination 
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APPENDIX 2 

DISCUSSION OF TOTAL RESIDUAL 

CHLOR I N €  RESULTS 

Derek  Vachon 

Wastewater  Technology  Centre 

Burl ing ton ,   Ontar io  
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A s ta t i s t i ca l   eva l   ua ton   o f   t he   da ta  was undertaken t o  assess the  

c o r r e l a t i o n   o f   t o t a l   r e s i d u a l   c h l o r i n e  (TRC) values  obtained  using  the 

Chl ortect  monitor  versus  values  determined  using one o f   t h e  amperometric 

back t i t r a t i o n ,   i o d o m e t r i c  back t i t r a t i o n   o r  D.P.D. p o r t a b l e   f i e l d   u n i t  

techn i  ques. 
The Ch lor tec t  was r e p a i r e d   i n i t i a l l y  on October 28 and readings 

were taken  throughout  the  lagoon. The values  appeared  normal and it was 
f e l t   t h e   u n i t  was operat ing  proper ly.  Because o f   t h e  damage sustained  by 

t h e   i n s t r u m e n t   i n   t r a n s i t   t o  Kamloops, it was decided to   mon i to r   t he  

Chlortect 's  performance  by  conducting  comparative  analyses  using one or  

more a l te rna t i ve   res idua l   ch lo r i ne   ana ly t i ca l  methods. 
Ch lor ine   mon i to r ing   a t  each s t a t i o n  was conducted  using an 

amperometri c measurement instrument (Chl o r t e c t )  suppl  i e d  by EPCO 

Incorporated.  Comparative  chlorine  analyses was performed by back titra- 

t i on   us ing   t he   i odomet r i c  method (Standard Methods procedure:  408C)l 

o r  a Wall  ace and Tiernan  Amperometric t i t r a t o r  (Standard Methods 

Procedure:  4086). A DPD co lou r ime t r i c  method was  a1 so car r ied   ou t   us ing  

a Hach CN-70 k i t .  Back t i t r a t i o n s  were done on samples a t  the  lagoon 

con t ro l   bu i l d ing   wh i l e   o the r  (DPD and Chlortect)   analyses were done i n  
s i t u .  

Comparative  analyses were performed  beginning  October 29. It 

was noted  that   the  per formance  o f   the  Chlor tect   deter iorated between t h i s  

date and November 2, with  respect  to  both  comparative  analyses and TRC 
values i n   t h e  1 agoon. It was discovered  that  a i r  was being drawn i n t o   t h e  

Chl o r t e c t l  s reac tor  and t h i s  problem was quick ly   e l   iminated.   Af ter   be ing 

repa i red  on November 2, t he   Ch lo r tec t   resu l t s  were more consis tent  . Only 

data  co l lected  f rom November 3 t o   t h e  end o f   the   survey  were  used i n   t h e  
s t a t i s t i c a l  assessment. Tota l   res idual   ch lor ine  leve ls   var ied  f rom 

loca t i on   t o   l oca t i on   a l t hough   ope ra t i on   o f   t he   Ch lo r tec t  was s tab le.  
To evaluate  the  performance  of   the  Chlortect ,  a regression ana- 

l y s i s   o f   t h e  comparison  data has been performed. It was assumed t h a t   t h e  
amperometric  and/or  the  other methods provided  re1  iabl  e ch lo r i ne   resu l t s .  

I 

w 
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It was d e c i d e d   t h a t   f o r   t h i s   f i e l d   o p e r a t i o n ,  a de tec t ion  limit o f  50 

ug/L was acceptable  for  the  amperometric,  iodometric  or DPD techniques 
and the re fo re  a l l  TRC resu l ts   less   than S O  ug/L t h a t  were determined 

have been discarded i n   t h e   s t a t i s t i c a l   a n a l y s i s .  The data  are  presented 
i n   F i g u r e  lA, Table 8A l i s t s   t h e  comparat ive  data  col lected from t h e  

use o f  two  or more ch lo r ine   ana ly t i ca l   techn iques  on t h e  same wastewater 

sample. The comparison among the   o the r   ch lo r i ne   ana ly t i ca l  methods 

(F igure  1 A )  i nd i ca tes  a reasonably good cor re la t ion .   (Note   tha t   the  DPD 
ana lys i s  gave higher  readings  than  other methods.) Simple  modeling 

us ing  least   squares  ( regress ion  analys is)   o f   the  data was 

per fo rmed  fo l low ing   s ta t i s t i ca l   p rocedures   descr ibed  in  Box, Hunter & 
Hunter2  and Snedecor & Cochran3. An attempt was  made t o  assess 

the   da ta   w i th   the   l inear   regress ion   pass ing   th rough  the   o r ig in .  The 

bas is   behind  th is   a t tempt  was tha t   bo th  methods should  produce  zero 

readings when t h e  TRC = 0 ug/L. An expression was developed  but it was 

found t o  be a poor f i t. A l i nea r   reg ress ion   o f   t he   f o rm y = ax + b was 

then  app l ied  where y = Chlor tect   reading and x = value  determined  by one 

o f  t he   o the r   ch lo r i ne   ana lys i s  methods. The l i n e  found was y = 0.71 x + 
79 (ug/L) and i s  presented i n   F i g u r e  2A complete  wi th  the 95% confidence 

1 im i ts .  
The regress ion 1 i n e   f o r   t h e   c o r r e l a t i o n  between the   Ch lo r tec t  

readings and TRC values  by  the  other methods had a s lope  of  + 0.713 
i m p l y i n g   t h a t  a Chlortect  reading  represented 71% o f  a value  obtained  by 

another method. This  might mean tha t   t he   da ta  from the  Ch lor tec t  was 
suppressed due t o  chemical   interferences  in  the  wastewater.   Al though 

the  data  appears  scattered,  there was good c o r r e l a t i o n ;   t h i s  was 

confirmed  using a pa i red   da ta   s ta t i s t i ca l   ana lys i s .  The regress ion 

ana lys i s   y ie lded  a c o r r e l a t i o n   c o e f f i c i e n t   o f  0.87, which i s  high, and 
i m p l i e s   t h a t  i f  t h e   a p p l i c a t i o n   o f   t h e  amperometric,  iodometric and DPD 
methods are  va l id ,   then  the  va lues  obta ined  by  the  Chlor tect   are 

acceptable as wel l ,   a l though  the  ind iv idual   readings  are  probably  30% 

1 ess  than  the  actua l   ch lor ine  leve l  . The consequence o f   t h i s   d e c i s i o n  
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TABLE  8A  COMPARATIVE  TOTAL  RESIDUAL  CHLORINE  RESULTS 

102 
775 
63 

1028 
320 
232 
99 
468 
422 
710 
303 
390 
217 
900 
1020 
9 20 

101 
859 
50 

1620 
303 
202 
51 

900 
50 

404 
354 

1212 
556 

556 
303 

650 
420 
1500 

1500 
1200 
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FIGURE 2A CORRELATION OF CHLORTECT  READINGS  VERSUS 
TOTAL  RESIDUAL  CHLORINE  LEVELS BY OTHER 
M E T H O D S  
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i s   t h a t   t h e   d a t a   i s   v a l i d   i n s o f a r  as there were c h l o r i n e   l e v e l s   a t   t h e  

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

1. APHA-AWWA-WPCF. "Standard Methods for the  Examination  of Water 

and Wastewater". 15th  Edi t ion,  Washington, D.C. 1981. 

2. Box, G.E.P., e t  a1 . " S t a t i s t i c a l  Methods". 6 th  Edi t ion.  Iowa 

Sta te   Un ivers i ty  Press. Iowa.  1972. 

3. Snedecor, G.W. and W.G. Cochran. " S t a t i s t i c s  f o r  
Experimenters", John Wiley and Sons Inc.  Toronto. 1978. 
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APPENDIX 3 

BIOASSAY RESULTS 
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1 OBJECT1 VE 

Determi ne t h e   a c u t e   l e t h a l   t o x i c i t y   o f   t h e  1 agoon e f f l u e n t .  

2 TERMINOLOGY 

An aquat ic  b ioassax i s  any t e s t   i n  which  aquatic  organisms  are used t o  

de tec t   o r  measure the  presence  or  ef fect   of  one o r  more substances,  wastes, 
or   environmental   factors,   a lone  or  in  combinat ion,  on aquatic  organisms. 

(Standard Methods, 1975). 

Acute - i n v o l v i n g  a st imulus,  severe enough t o  b r i n g  about a quick 

response, u s u a l l y   w i t h i n  96 hours f o r   f i s h .  
- 

Lethal - caus ing   dea th ,   o r   su f f i c i en t   t o  cause it, by d i   r e c t   a c t i o n .  

A con t inuous   f low  o r   f low  th rough  f i sh   b ioassay   i s  one i n  which  measured 

q u a n t i t i e s   o f   d i l u t i o n   w a t e r  and tox i can t   so lu t i on   a re  mixed and de l i vered  
t o   t e s t   v e s s e l s   c o n t a i n i n g   f i s h   t o   g i v e  a cont inuous  f low-through  of   the 

tes t   tox icant .   [F low- th rough  tes ts   a re   des i rab le   fo r  wastes tha t   a re  
suspected o f   hav ing  a high  bio-chemical oxygen demand.] 

96 hour LC50 - t h i s   t e r m   r e f e r s   t o  median l e tha l   concen t ra t i on   o r   t ha t  

l e v e l   o f  a measurable l e t h a l  a g e n t   r e q u i r e d   t o   k i l l   t h e  5 0 t h  p e r c e n t i l e  i n  

a group o f   t e s t  organisms,  over  the  t ime  per iod  of  96  hours. The 50th 

p e r c e n t i l e   i s  meant t o  represent  the  average  organism. 

I 5 0  - t h i s   t e r m   r e f e r s   t o  median l e tha l   t ime   o r   t he   t ime   to   dea th   o f  

t he   50 th   pe rcen t i l e   o rgan ism  i n  a spec i f i ed   concen t ra t i on   o r   l eve l  of 
measurable l e t h a l  agent . The maximum exposure  time may be speci f ied.  
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3 MATERIALS AND METHODS 

The Aquat ic   Tox ic i ty   Laboratory 's  Mobi 1 e Laboratory  contai   n i   ng a 
con t inuous   f low- th rough  d i lu te r  was used for  the  survey. 

On si te  acute  lethal   cont inuous  f low-through  bioassays were 
performed. 

The d i l u t e r   p e r m i t s   t h e   r e p l i c a t i o n   o f  5 e f f luen t   concent ra t ions  

and o f  a f resh  water   cont ro l  e It i s  constructed so t h a t   t h e  sample  and t h e  
di lut ion  water  are  wi thdrawn  f rom  header  tanks and are combined i n   m i x i n g  

chambers t o   o b t a i n   s p e c i f i e d   c o n c e n t r a t i o n s   ( d i l u t i o n s ) .  These concentra- 

t i o n s   a r e   t h e n   s p l i t   ( t o   c r e a t e   r e p l i c a t e s )  and are   de l i vered  a t  a f i x e d  

f l o w   r a t e   t o   t w e l v e  30 l i t e r   t e s t  vessels   in to   which 10 f i s h   a r e  added. 
The f i s h   m o r t a l i t i e s   i n  each vessel  are  monitored  over 96 hours and t h e  

r e s u l t s   a r e   p l o t t e d  on semi-log  paper t o   e s t a b l   i s h  LT and LC50 values. 

The tes t   spec ies  used  were underyear l ing salmo ga i rdner i  (Rainbow 
t rout )   which  ranged  in   s ize  f rom 3.8 cm t o  4.7  cm i n   l e n g t h  and from 0.4 

grams t o  1.0 grams i n  weight. The f i s h  were a c c l i m a t e d   t o   t h e   d i l u t i o n  
water and t o  l abo ra to ry   cond i t i ons  a week p r i o r   t o   t h e i r  use. There  were 

no f i s h   m o r t a l i t i e s   w h i l e   b e i n g   h e l d .  Ten f i s h  were  used as t h e   t e s t  

p o p u l a t i o n   i n  each t e s t  vessel . 
The e f f l u e n t  sample source was a t  a manhole  access p o i n t  on t h e  

bur ied  d ischarge  p ipe,   which  led  f rom  the  4 th  lagoon  in to   the Thompson 

River. (Sample S ta t i on  C i n   F i g u r e  1 i n   t h e   t e x t ) .  
The d i l u t i o n   w a t e r  was t ranspor ted   to   the   mob i le   labora tory   f rom a 

c o l l e c t i o n   s i t e   i n   t h e  Thompson River  upstream  of   the sewage lagoon  dis-  

charge and immediately  upstream o f   t h e   d i f f u s e r   o u t f a l l  o f  t he  Weyerheuser 

Pulp and Paper Mil 1 . 
A1 1 t e s t  volumes  were 30 1 i t e r s .  The t e s t   s o l u t i o n   f l o w   r a t e  was 

150 mL/min which  permit ted a 90% molecular  rep1 acement o f   t e s t   s o l u t i o n  

over 7.2 hours. 
The f o l l  owing t e s t   d i l   u t i o n s  were  used; loo%, 87%, 75%, 65%, 56% 

and a con t ro l  . 
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The sample e f f l u e n t  and d i luent   water  were aerated i n   t h e  header 

tanks.  Dissolved oxygen was measured i n   t h e   t e s t   v e s s e l s  and was recorded 

i n i t i a l l y  and as t h e  assay  progressed. 

The pH i n  one of t h e  100% concent ra t ion   tes t   vesse ls  was monitored 

cont inously   us ing an Orion pH meter and a Varian  Str ip  Chart  recorder. 

Temperatures  from a v a r i e t y   o f  sources were monitored a t  6 hour   in te rva ls  

by means o f  a Pul  sar Mu1 ti p l  e Channel thermograph. 

4. RESULTS AND DISCUSSION 

LC50 and LT50 values were not  establ ished. The e f f l u e n t  was not  
tox ic   over   the  per iod  tested.   There were no f i sh   mor ta l i t ies .   There  were 

no con t ro l   f i sh   mor ta l i t i es .   Fu r the r   ev idence   o f   t he   e f f l uen t ' s   l ack   o f  

t o x i c i t y  were t h e  numerous l i v e  daphnia i n   t h e   e f f l u e n t .  
The pH o f   t h e  100% e f f l u e n t  remained a t  7.5 th roughout   the   tes t  

period. The  pH o f  t h e   d i l u t i o n   w a t e r  was 7.7 throughout  the  test   per iod.  

The d isso lved oxygen values were as fo l lows:  

D.0 i n  ppm 

a)  100% b) 100% a)   con t ro l  b) con t ro l  

Nov. 3 10.2  9.9 11.5 11.7 

Nov. 4 8.6 8.2  9.2  9.9 

Nov. 5 9.9  9.2  10.5 11.5 

'I 
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The temperature values were  as follows: 

DATE TI ME P1 P p  P4  P& 

Nov. 3 0500  11.4 11.1 9.1 11.5 
1100 11.3 11.0  10.8 11.6 
1700 11.2 10.2 9.9 12.4 
2300  10.4  9.6 11.5 11.9 

Nov. 4 0500 8.8  7.9  6.6  10.4 
1100 8.0 8.2  9.6  8.9 
1700 8.3  8.3  8.8  9.8 
2300 8.5  7.4  7.8  8.3 

Nov. 5 0500 7.2  6.4  6.8  6.8 
1100 7.1 7.1 8.1 6.9 
1700  8.5  6.7 7.1 8.7 
2300 8.3  5.6 6.3 7.6 

Nov. 6 0500 7.8  4.8 6.2 6.5 

PI - Fish h o l d i n g  tank 
P2 - Dilution water  header t a n k  
P4 - Effluent header tank 
Pfj - Fresh  water control 
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The d i l u t e r   d i d   n o t   f u n c t i o n   p r o p e r l y .  A problem  invo lv ing  the 

vacuum-dependent mixing  system  occurred.  Although  the  problem was 
s u c c e s s f u l l y   c o r r e c t e d   l a t e r   f o r   t h e   d u r a t i o n   o f   t h e   s u r v e y   t h e   d i l u t e r  

con t inua l l y   ma l func t ioned.   Proper   so lu t ion   mix ing   cou ld   never  be  managed. 

Consequent ly ,   the   de l i very   ra te   o f   so lu t ion   to   the   tes t   vesse ls   (wh ich  was 

dependent upon accurate  mixing)  could  not be main ta ined  o r   s tab i l i zed .  

Although a 90% s o l u t i o n  exchange i n  7.2 hours was never   a t ta ined 
i t  was no ted   t ha t   t he  100% concentrat ions and fresh  water  controls  (which 

were not  dependent upon the  mixing  process) were  being  rep1  eni shed - a1 be i  t 

i n t e r m i   t t e n t l  y. 

Results  obtained were o n l y   f o r   t h e  100% concentrat ions and f o r  
t h e i r   c o n t r o l s  and o n l y   f o r  a 72 hour  period. 
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APPENDIX 4 

CHLORINE  REDUCTION  CORRELATION 
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KINETIC COEFFICIENTS FOR  ACTUAL SECONDARY EFFLUENT 

CONDITION  PARAMETER  VALUE 

Simultaneous  reactions 

o mW/cm2 U.V. 

2 mW/cm2 U.V. 

o mW/cmz U.V. 

2 mW/cm2 U.V. 

K10 
E 1  
K20 
E2 

F i r s t   o r d e r   r e a c t i o n  only 

K20 
E2 

1.27 x 1034 
47370.0 

1 . 012 
4387 . 0 

1.39 X 107 
10257 .O 

16 . 28 
5641.0 

48.1 
6501 . 0 

K20 50.3 
E2  6170.0 

Where K 1  = K10 e (-E1/RT)  etc., f o r   t h e  

expression - - d[Cl ] = K 1  [ C l  1 [ X ]  + K2 [ C l  1 
d t  

The u n i t s   f o r   t h e  parameters  are: 
~2 = min-1 
K 1  = L mole'l*min-l 
E = ca l  mole-1 
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