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ABSTRACT 

The opera t ion  and performance o f   t h e  Cache 

P1 an t  was evaluated  over a 4 day p e r i o d .   P l a n t   i n f  

Creek Sewage 

1 uent and e f f  

Treatment 

1 uent was 

sampled d a i l y  and ana lyzed  fo r  numerous parameters  including BOD5 and 
n o n - f i l t e r a b l e   r e s i d u e ,  as we l l  as meta ls .   Severa l   loca t ions   in   the   p lan t  

and i n   t h e   r e c e i v i n g   w a t e r s  were  sampled d a i l y  and a n a l y z e d   f o r   i n d i c a t o r  

bac te r ia .  A cont inuous   f i sh   b ioassay  was run on t h e   f i n a l   e f f l u e n t   b u t  was 

no t   eh t i re l y   success fu l  due t o  equipment  malfunctions.  Other  parameters 

measured i n c l u d e d   t o t a l   r e s i d u a l   c h l o r i n e ,   a e r a t i o n   t a n k   d i s s o l v e d  oxygen, 

and  mixed 1 i q u o r   s e t t l   e a b i l  i ty .  The c h l o r i n e   c o n t a c t  chamber was eval  uated 

us ing  dye t racer   techniques.  Recommendations are made t o  improve  plant 

performance and r e 1   i a b i  1 i ty. 

, 



Le mode d ' o p i 5 r a t i o n   e t   l e  rendement  de l ' u s i n e   d ' e p u r a t i o n  de 

Cache Creek o n t   f a i t  1 ' ob je t   d ' une   Cva lua t i on   C ta lee   su r   qua t re   j ou rs .  On 

a prGlev6  quotidiennement des Schan t i l l ons  2 l ' e n t r e e   e t  B l a  s o r t i e  de 

1 ' u s i n e   a f i n   d ' e n   f a i r e  1 'analyse B p a r t i r  de nombreux parametres  dont l e  

DBO5, l es   rCs idus  non f i l t r a b l e s   e t   l e s  metaux. On a p re leve  

quotidiennement des Cchan t i l l ons  2 d i ve rs   end ro i t s  de l ' u s i n e   a i n s i  que 

dans 1 es  eaux r g c e p t r i  ces a f i  n de determiner de 1 a pr6sence  bactCri es 

i n d i c a t r i c e s .  On a e f f e c t u e  un dosage b io log ique   con t inu  dans 1 ' e f f l u e n t  

f i n a l  , B l ' a i d e  de poissons,   mais   les  rgsul ta ts   n 'ont  pas Et6  ent ierement 

concl  uants , du fai t   d 'un  fonct ionnement  dCfectueux du ma te r ie l .  Parmi  l e s  

autres  parametres  GtudiGs, il f a u t   c i t e r   l e   c h l o r e   r e s i d u e 1   t o t a l  , 
l ' oxyg i i ne   d i ssous   du   bass in   d 'a i i r a t i on   e t   l a   dGcan tab i l i t 6  de l a  s o l u t i o n  

mixte.  Le bass in de contact  de ch lo re  a f a i t  l ' o b j e t   d ' u n  examen bas6  sur 

des techniques de de tec t i on   pa r   l es   co lo ran ts .  Des recommendations su ivent  

a f i n   d ' a m e l i o v e r   l e  rendement e t   l a   f i a b i l i t g  de l ' u s i n e .  
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RECOMMENDATIONS AND CONCLUSIONS 

P1 ant   Opera t i  on 

1. Use on ly  one s i d e   o f   t h e   p a r a l l e l   t r e a t m e n t  system. 

W i t h   t h i s  mode o f   opera t ion   the   p lan t   wou ld   opera te  more w i t h i n  

t h e  recommended des ign   cons t ra in ts   fo r   the   ac t i va ted   s ludge  p rocess   a t   the  
present  f low  rates.   This  would simp1 i f y  process  control  and minimize 

maintenance  requirements, as we1 1 as prov ide  a backup  system. 

2. Ma in ta in   ae ra t i on   t ank   d i sso l ved  oxygen  between 2 and 4 mg/L. 

Too much d i sso l ved  oxygen (D.O.)  may r e s u l t   i n   o v e r a g i t a t i o n  and 

d e s t r u c t i o n   o f   t h e  biomass f l o c ,  and i s  a waste o f  energy; a D.O. o f   l e s s  

than 2 mg/L may r e s u l t   i n   a n a e r o b i c   c o n d i t i o n s   i n   t h e   c l a r i f i e r  and 
p o s s i b i l y   i n   t h e   a e r a t i o n   t a n k .   A l s o ,  D.O. l e v e l s   o u t s i d e   t h e  2-4 mg/L 

range, p a r t i c u l a r l y   l o w   l e v e l s ,  may promote  the  growth  of   f i lamentous 

bac te r ia .  The D.O. will t e n d   t o  change accord ing   to   o rgan ic   load ing  and, 

idea l l y ,   shou ld  be cont inuously   moni tored and adjusted  by  appropr ia te 

i ns t rumen ta t i on  and c o n t r o l s .   I n   t h e  absence o f   au tomat ic  equipment the  
D.O. should   be   checked a t  l e a s t  once   per   day   and   ad jus ted   accord ing ly .  

3. Cont ro l   s ludge  wast ing   to   ma in ta in  an F:M r a t i o   o f  0.3 t o  0.4. 

Once the  approximate i n f l  uent BOD5 i s  known ( i t  should  not 

v a r y  t o o  much  on a day t o  day bas is  a t  Cache Creek)  then  the MLVSS can be 
c o n t r o l   l e d   a t   t h e   r e q u i r e d   l e v e l  by vary ing   the   ra te   o f   s ludge  wast ing .  

Th is  F:M range w i  11 min imize  bu l   k ing s l  udge  due t o  a h igh   o r ,  
p a r t i c u l a r l y ,   l o w   ( a n  F:M r a t i o   o f   l e s s   t h a n  0.2 has  been i d e n t i f i e d  as 

t h e  cause o f   s ludge   bu l k ing   i n   seve ra l   s tud ies )   o rgan ic   l oad ing .  
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4. Skim c l  a r i  f i e r  f l  oatabl  es. 

The f l o a t i n g   s o l i d s  on t h e   c l a r i f i e r   s h o u l d  be  skimmed 

cont inuously ,  or manually a t  l e a s t  once per  day. Th is  will permi t  

m o n i t o r i n g   o f   t h e   c l a r i f i e d   e f f l u e n t   f o r   p i n - p o i n t   f l o c  or r i s i ng   s ludge  

on a da i l y   bas i s ;   o the rw ise  it i s   i m p o s s i b l e   t o   t e l l  whether   the   f loa t ing  

s l  udge i s  recent  . 
5. Re ins t i t u te   ae rob ic   d iges t i on .  

Aerob ic   d iges t ion  o f  the  s ludge and  subsequent th i cken ing  will 
reduce  the   quant i t y   o f   s ludge  d ischarged  to   the   d ry ing  beds  and thereby 

inc rease  d ry ing   capac i ty ,  as we1 1 as e l iminate  odours now generated a t  t h e  
d r y i n g  beds  by the  non-digested  sludge.  (The  cause o f  d igester  odours 

dur ing  prev ious  a t tempts  to   d igest   the  s ludge  are unknown, but  should be 

minimal  provided  adequate  oxygen i s   s u p p l i e d ) .  

6. D i s i n f e c t  s l  udge r e t u r n  as r e q u i r e d   t o   c o n t r o l  f i l  amentous bac ter ia .  

I f  f i l amentous   bac ter ia   a re   no t   e l im ina ted  by a h igher  F:M r a t i o  

and  maintenance o f  app rop r ia te  D.O. l e v e l s   i n   t h e   a e r a t i o n   t a n k  and it is 
de te rm ined   tha t   t he   f i l amen tous   g rowth   i s   adve rse l y   a f fec t i ng   t he  

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

should be cons idered  to  remedy t h e   s i t u a t i o n .  

7. Min imize  in f luent   surges.  

Ad jus tments   and/or -   rev is ions   to   the  raw sewage l ift s t a t i o n  

should be considered,  such as smal le r   capac i ty  pumps or t r imming  o f  

i m p e l l e r s  on e x i s t i n g  pumps, i n   o r d e r  t o  produce as constant a f l o w  as 

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

1. I n s t a l l   i n f l u e n t  screen. 

Considerat ion  should be g i v e n   t o   r e p l a c i n g   t h e   e x i s t i n g  

barminutor   (perhaps   re ta in   fo r  backup) w i t h  a r e l a t i v e l y   f i n e   s c r e e n   f o r  
t h e  removal o f   p l a s t i c s ,   r a g s ,  and other  nondegradable suspended so l i ds .  

Removing, ra the r   t han   reduc ing   t he   s i ze   o f  , these  so l   ids  will reduce 
d i f fuser   p lugg ing   thereby   min imiz ing   d i f fuser   ma in tenance as we l l  as 

ensur ing  un i form  mix ing and oxygen s u p p l y   t o   t h e   e n t i r e   a e r a t i o n   t a n k .  

Screening will a l s o   m i n i m i z e   f l o a t a b l e s   i n   t h e   a e r a t i o n   t a n k  and 

c l   a r i   f i e r ,  and produce a c leaner  s l  udge. 

2. Prov ide   re1   iab le   f low measurement. 

I n   o r d e r   t o   p r o p e r l y   c o n t r o l   t h e   t r e a t m e n t   p r o c e s s  it i s  

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

measuring  equipment  must be mod i f i ed  or replaced. The e x i s t i n g  

r e c t a n g u l a r   w e i r   i s   n o t   a c c e p t a b l e  due t o   i t s   w i d t h  and the  consequent 

smal 1 change i n  head produced f o r  a l a r g e  change i n  f low. A V-notch  weir, 
or perhaps a flume, will prov ide  more accura te   f low measurement. A1 so, i f  

a wei r i s  used the  p o i n t  o f  head  measurement should be removed from any 
s u r f a c e   a g i t a t i o n ,   u n l i k e   t h e   p r e s e n t   s i t u a t i o n  where t h e   f l o a t  i s  
a f fec ted   by   tu rbu lence  genera ted   by   the   in f luent   to   the   we i r  box. The 

f l o w   r a t e   s h o u l d  be recorded and t h e   f l o w  volume t o t a l  i zed. 

3. M o d i f y   t h e   c h l o r i n a t i o n   f a c i l i t i e s .  

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

s i g n i f i c a n t l y   i m p r o v e   c h l o r i n a t i o n   e f f i c i e n c y :  1) the   ch lo r i ne   shou ld  be 

i n j e c t e d   t h r o u g h  a sparger  p ipe  bel  ow the  water   sur face a t  t h e   p o i n t   o f  

maximum a g i t a t i o n   w h i c h   i n   t h i s  case i s   d i r e c t l y  be low  the  water fa l l   f rom 
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t h e   w e i r  and, 2) i n s t a l l a t i o n   o f  an under f low  ba f f le   about  1 metre 

downstream  from t h e   p o i n t   o f   c h l o r i n e   i n j e c t i o n .  

These mod i f i ca t i ons  will prov ide  more e f f i c i e n t   c h l o r i n e  use 

( h i g h e r   b a c t e r i a   k i l l   p e r   u n i t   o f   c h l o r i n e   a p p l i e d )  and reduce  short 
c i r c u i t i n g .  Mechanical  mixing a t  t h e   p o i n t   o f   c h l o r i n e   a d d i t i o n  and 
add i t i ona l   ove r f l ow  and under f l ow   ba f f l es   t h rough   the  chamber would 

f u r t h e r  enhance c h l o r i n a t i o n   e f f i c i e n c y ,   b u t  a t  the  present  low  f lows may 

n o t  be warranted. 
Regular measurement o f   t h e   c h l o r i n e   r e s i d u a l  and e f f l u e n t  

bac te r ia   l eve l s   shou ld  be made i n   o r d e r   t o   o p t i m i z e   c h l o r i n e  and sul f i  t e  

usage. 

4. I n s t a l  1 a t  i o n   o f  permanent  dechl o r i   n a t i  on  equipment . 
Permanent f a c i l i t i e s   s h o u l d  be i n s t a l l e d   f o r   t h e   s t o r a g e  and 

a p p l i c a t i o n  o f  sodium s u l f i t e ,   p a r t i c u l a r l y  a v a r i a b l e  speed meter ing 

pump f o r   p o s i t i v e  dosage con t ro l .  

5. I n  

d i  sposa 

v e s t i   g a t e  1 and d isposal  a1 t e r n a t i v e s .  

The Cache Creek c l ima te   (ho t  and d r y )   i s   i d e a l   f o r   t h e   l a n d  

1 o f   t r e a t e d  sewage. A1 1 land  d isposal   opt ions  should be 

cons ide red   i nc lud ing   sp ray   i r r i ga t i on  and r a p i d   i n f i l t r a t i o n .  The 

s a n d y / g r a v e l l y   s o i l   o f   t h e   r e g i o n   a p p e a r s   t o  be p a r t i c u l a r l y   s u i t e d   t o  

such  treatment  (an  appropriate  study  should be c a r r i e d   o u t  t o  determine 

1 and a v a i  1 ab1 i t y  and soi  1 s u i   t a b i  1 i t y )  . 

I 

I 

m 
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INTRODUCTION 

I n  November, 1981 the  Environmental  Protection  Service  under- 

took an eva lua t i on  o f  the  Cache Creek Sewage Treatment  Plant (STP) i n  

o r d e r   t o  assess  the  e f f luent   impact  on the  Bonaparte  River. 

I n f l u e n t  and e f f l u e n t  samples  were taken each  day from November 

7 t o  10, 1981, preserved, and c o u r i e r e d   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  consisted o f  4 two 1 i t r e  

grab samples taken 1 hour   apar t   dur ing  the  per iod 0800 t o  1200. Bac te r i -  

o l   og ica l   ana lyses  were c a r r i e d   o u t  on s i t e   i n  a  mobi 1 e l a b o r a t o r y  on 

samples  taken a t  severa l   locat ions  through  the  p lant  and from  the 

Bonaparte  River. A1 so, a cont inuous   f i sh   b ioassay  was c a r r i e d   o u t  on t h e  

f i n a l   e f f l u e n t   b u t   f o r   v a r i o u s   r e a s o n s  was no t   en t i re l y   success fu l  . 
Other  on- s i t e  measurements i nc luded   ae ra t i on   t ank   d i sso l ved  oxygen, 

m i x e d   l i q u o r   s e t t l e a b i l i t y ,  and t o t a l   r e s i d u a l   c h l o r i n e .  As we l l ,  

microscopic  examinat ions  of   the  mixed 1 i quor  were car r ied   ou t .  

A dye  t racer   s tudy  o f  t h e   c h l o r i n e   c o n t a c t  chamber was c a r r i e d  

ou t   t o   de te rm ine   t he   deg ree   o f   sho r t - c i r cu i t i ng  and l o n g i t u d i n a l  

d ispers ion .  



- 2 -  

2 PLANT  DESCRIPTION 

The  Cache Creek STP se rv i ces   t he   V i l l age   o f  Cache Creek which 

has a populat ion  o f   about  1000. 

F igu re  1 i s  a f low  schematic  of   the  t reatment  process. Raw sew- 

age i s   l i f t e d   b y  pumps t o   t h e   p l a n t  where it passes  through a barminutor 

w i t h  a bar  screen  bypass. The f l o w   t h e n   s p l   i t s  and passes  through 

p a r a l l e l   b i o l o g i c a l   t r e a t m e n t  systems; the   aera t ion   tank   des ign  most 

resembles  that   o f   complete-mix  act ivated s l  udge. S e t t l e d   s l  udge from t h 6  

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

a i r - l i f t  pumps.  Some o f   t h e   r e t u r n   s l u d g e  is cont inuous ly  wasted, 

p r e s e n t l y   d i   r e c t l  y t o   t h e   s l  udge d r y i n g  beds as the   aerob ic   d iges ters   a re  

no t   be ing  used. The combined o v e r f l o w   f r o m   t h e   c l a r i f i e r s  passes through 

a rec tangu la r   we i r  box  where t h e   f l o w  i s  au tomat i ca l l y  measured.  The w e i r  

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

s o l u t i o n   i s  added t o   t h e   e f f l u e n t   s u r f a c e .  The C12 a p p l i c a t i o n   r a t e  

is manua l l y   con t ro l l ed  and t h e  usage i s   g e n e r a l l y   i n   t h e  1.1 t o  2.3  kg/d 

(2.5 t o  5.0 l b /day )  range. Dech lor ina t ion   i s   accompl ished  by   the   add i t ion  

o f  a sodium s u l f i t e   s o l u t i o n  a t  the   d ischarge end o f   t h e   c o n t a c t  chamber. 

The s u l f i t e   s o l u t i o n   i s   g r a v i t y   f e d  and manual ly   cont ro l led.  The e f f l u e n t  

d ischarges  f rom  the chamber through a standpipe and b u r i e d   l i n e   t o  a 
submerged o u t f a l l   i n  the Bonaparte River.  

The res idence  t imes  o f   the   ma jor   p lan t  components a t  t h e  
p r e s e n t   d a i l y   f l o w   r a t e   f o r   b o t h   p a r a l l e l  and s i n g l e  System opera t ion   a re  

compared to  the  approximate  design  residence  t imes i n  Table 1. The 

p resen t   pa ra l l e l   ope ra t i on   p rov ides  more than  adequate  residence  t ime i n  

the   ae ra t i on   t anks  and c h l o r i n e   c o n t a c t  chamber,  and t o o  much t i m e   i n   t h e  

s e c o n d a r y   c l a r i f i e r s .  The more than 10 hour   res idence   t ime   i n   t he   c la r i -  

f i e r s  may p r o d u c e   a n a e r o b i c   c o n d i t i o n s   r e s u l t i n g   i n   d e n i t r i f i c a t i o n  and 

there fore   resuspens ion   o f   the   se t t led   s ludge by n i t r o g e n  gas. Use o f  on l y  

one s ide   o f   t he   sys tem  wou ld   y ie ld  an a p p r o p r i a t e   c l a r i f i e r   r e s i d e n c e   t i m e  

and probably  adequate  aerat ion  t ime. 
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TABLE 1. MAJOR COMPONENT RESIDENCE  TIMES 

Approximate 
Operating 

Component VOI ume (m3) 

THEORETICAL RESIDENCE TIME ( h ) l  
Present Flow Ratee 

Para1  le1  Single Desi gn3 

m 

a 

I 

Aeration Tanks  224 

C1 a r i  f i ers 252 

C12 Contact Chamber 68 
I 

9.5 

10.7 

2.9 

4.7 3.0 

5.3 3.3 

2.9  0.9 

1 1 Not inc lud ing   s ludge   r ec i r cu la t ion  

I 2 Assuming ave rage   da i ly   f l ow  r a t e  = 567 m3/day (150,000 USGPD) 

3 1818 m3/day (400,000 IGPD) 
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3 

3.1 

DISCUSSION OF RESULTS 

I n f l u e n t  and E f f l u e n t  Samples 

The ana ly t i ca l   resu l t s   f rom  the   da i l y   compos i te   g rab  samples are 
p resen ted   i n   Tab le  2. As t h e   r e s u l t s   i n d i c a t e   t h e   r e d u c t i o n   i n  BOD5 

and  suspended s o l i d s   ( n o n - f i l t e r a b l e   r e s i d u e )   a c r o s s   t h e   p l a n t  was 

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

q u a n t i t y   o f   f l o a t i n g   s l u d g e   i n   t h e   c l a r i f i e r s .  However, the  underf low/ 

overf low  weir   arrangement a t  t h e   c l a r i f i e r   o u t l e t   a p p a r e n t l y   p r e v e n t s   t h i s  

f l o a t i n g   s l u d g e   f r o m   d i s c h a r g i n g   w i t h   t h e   e f f l u e n t .   H i s t o r i c a l  (Waste 

Management Branch  permi t   moni tor ing)   data  presented  in   Table 3 i n d i c a t e s  

t h a t   e f f l   u e n t   q u a l  i t y  , w i t h   r e s p e c t   t o  BOD5 and NFR, i s   n o t  a1 ways as 

good as tha t   expe r ienced   du r ing   t h i s   s tudy .  

The ammonia and n i t r i t e / n i t r a t e   r e s u l t s  (and a l k a l i n i t y   r e d u c -  

t i o n )  show t h a t   c o n s i d e r a b l e   n i t r i f i c a t i o n   i s   o c c u r r i n g   i n   t h e   t r e a t m e n t  
p rocess ,   i nd i ca t i ng   t ha t   t he   res idence   t ime   o f   t he  sewage in   t he   p rocess ,  

t h e  s l  udge  age,  and t h e  oxygen  supply t o   t h e  biomass a r e   s u f f i c i e n t   t o  

o x i d i z e   e s s e n t i a l l y  a1 1 the  carbonaceous mat te r  as we l l  as most o f   t h e  

ammonia. 
The ex t rac tab le   me ta l   resu l t s   a re   p resen ted   i n  Tab1 e 4. There 

a r e  no p a r t i c u l a r l y  unusual meta l  leve ls   except  f o r  h igh  concentrat ions of 

magnesium  and calcium, and therefore  h igh  hardness  (see  Table l ) ,  due t o  

Cache Creek's  hard  water  supply. 

3.2 Process  Parameters 

Several  process  parameters  were  measured  during  the 4 day  study 
i n c l u d i n g   m i x e d   l i q u o r   t o t a l  and v o l a t i l e  suspended so l i ds ,   m ixed   l i quo r  

s e t t l e a b i l i t y ,  and aera t ion   tank   d isso lved oxygen. The r e s u l t s  were  used 

t o  determine  the  s ludge volume index ( S V I )  and F:M ( f ood  t o  microorganism) 

r a t i o   i n   o r d e r   t o   e v a l u a t e   p r o c e s s   s t a t u s .  
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'I 

The mixed l i q u o r   t o t a l  and v o l a t i l e  suspended s o l   i d s   r e s u l t s   a r e  

presented i n  Table 5. The t o t a l  suspended so l i ds   a long   w i th   t he  30 minute 

s e t t l   i n g   r e s u l t s   f o r   t h e   m i x e d  1 i quo r   a re  used t o   c a l c u l a t e   t h e  SVI (Table 

6) .  The SVI i s  an i ndex   o f   t he  volume o f   s e t t l e d   s o l i d s   p e r   w e i g h t   o f  

s e t t l e d   s o l i d s  and i s ,   t h e r f o r e ,  an i n d i c a t i o n   o f   m i x e d   l i q u o r   s e t t l e -  

a b i l  i t y .  General 1 y, Val  ues over   150  ind ica te   poor   se t t leab i l  i t y  and those 

below 100  good s e t t l e a b i l i t y .  As t he  SVI r e s u l t s   i n   T a b l e  6 i n d i c a t e ,   a t  

t h e   t i m e   o f   t h i s   s t u d y   t h e  Cache Creek STP mixed  l iquor  demonstrated  very 

poo r   se t t l i ng   cha rac te r i s t i cs .   M ic roscop ic   examina t ion   o f   t he   m ixed   l i quo r  

conf i rmed  the  presence  of   f i lamentous  bacter ia  which  prevent  the  b iomass 

f rom  p roper l y   f l occu la t i ng   f o r  good s e t t l e a b i l i t y .   D e s p i t e   t h e   p o o r   m i x e d  

l i q u o r   s e t t l i n g   c h a r a c t e r i s t i c s   t h e   e f f l u e n t  had remarkably  low  suspended 

s o l i d s   l e v e l s  because  although  the  mixed 1 i q u o r   s e t t l e d   s l o w l y   t h e  

supernatant was q u i t e   c l e a r .  Time cons t ra in t s   d id   no t   pe rm i t   de te rm ina t ion  

o f   t h e   e x a c t  cause of   the  f i lamentous  growth,  however, it may be due t o  a 

low F:M r a t i o .   I n   o t h e r  words t h e   o r g a n i c   l o a d i n g   ( i n f l u e n t  BODS) i s  

t o o   l o w   f o r   t h e   q u a n t i t y   o f  biomass in   t he   ae ra t i on   t anks .   Fou r   es t ima tes  

o f  Cache Creek's F:M var ied  f rom 0.15 t o  0.26 day'l  (Table  7)  which i s  

on the   bo rde r   o f   t he   repo r ted   a l l owab le  minimum o f  0.2 day'l needed t o  

prevent   f i lamentous  growth;   the recommended F:M r a t i o   f o r  complete-mix 

a c t i v a t e d   s l u d g e   d e s i g n   i s  0.3 t o  0.4 day'l t o  produce a w e l l -  
f loccu la ted  and s e t t l e a b l e  sl udge. Many d i f f e r e n t  causes o f  bul k i n g  sl udge 

have  been i d e n t i f i e d   b e s i d e s  a low F:M r a t i o ,   i n c l u d i n g  a h i g h   i n f l u e n t  

temperature and a change i n   i n f l u e n t   t e m p e r a t u r e ,   e i t h e r   o f   w h i c h  may 

explain  seasonal  excesses o f  f i l  arnentous bacter ia   growth a t  Cache Creek. 

Dai 1 y measurements o f   t he   ae ra t i on   t anks '   d i sso l ved  oxygen  con- 
c e n t r a t i o n s  were made (Table 8 )  and  were cons iderab ly   h igher   in   the   eas t  

tank  ( ranging  f rom 3.7 t o  6.8 mg/L) t h a n   i n   t h e  west  tank  (ranging  from 1.4 

t o  2.3 mg /L ) ,   i nd i ca t i ng   t ha t   t he   wes t   t ank  was rece iv ing   l ess  a i r  and/or a 

This  inequi ty  demonstrates one problem o f   manua l ly  

1 system. 

h ighe r  

con t ro  

organic  1 oad . 
l l i n g  a p a r a l l e  
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The Cache Creek STP physica l   des ign does n o t   s t r i c t l y  meet  any o f  

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

complete-mix, as previously  ment ioned. However, a comparison o f  process 

design  parameters  presented i n  Table 9 shows t h a t   t h e  Cache Creek STP i s  
s i g n i f i c a n t l y   u n d e r l o a d e d   b o t h   o r g a n i c a l l y  and v o l   m e t r i c a l l y .   O p e r a t i n g   i n  

t h e   p a r a l  1 e l  mode, t h e   p l   a n t  a1 so has considerabl  e excess  hydraul i c  capa- 

c i t y   ( T a b l e  1). As po in ted   ou t   i n   Sec t i on  2 t h e   l o n g   r e s i d e n c e   t i m e   i n   t h e  

secondary c l a r i f i e r s  may r e s u l t   i n  resuspens ion   o f   the   se t t led   s l  udge  due 

t o   d e n i t r i f i c a t i o n  and e x p l a i n  why t h e r e  was so much f l o a t i n g   s l u d g e  on t h e  

c l a r i f i e r s   a t   t h e   t i m e   o f   t h e   s t u d y .   A l s o ,   t h e   c l a r i f i e r   o v e r f l o w   r a t e   o f  

4 t o  8 m3/day/m2 (100 t o  200  USGPD/ft2) i s  s u b s t a n t i a l l y   l e s s  

than   t yp i ca l   des ign   o f   abou t  30 m3/day/m2 (740 USGPD/ f t2 )  f o r  

a c t i v a t e d   s l u d g e   c l a r i f i e r s .  These data  suggest   that   the  p lant   would 
opera te   c loser  t o  typ ica l   des ign   va lues  i f  on ly  one s ide o f  the p a r a l  l e 1  

system was u t i l i z e d .   T h i s  mode o f   opera t ion   shou ld   p rov ide   eas ie r   con t ro l  

o f   t he   p rocess ,  and r e s u l t   i n   l e s s  maintenance. 

3 .3  F1  ow Measurement 

A record   o f   ins tan taneous and dai  1 y flows, and t h e  method o f  

measurement dur ing  the  s tudy  are  presented  in   Table 10. 

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

f lows  exper ienced  a t   the  Cache Creek p lan t .  The wei r edge i s   t o o   l o n g  

(0.66111) r e s u l t i n g   i n  a head o f   on ly   about  0.1 f e e t  (0.0314. A V-notch  weir 
will provide more accura te   f low measurement a t  the   p resent   f low  ra tes  and 

even a t   t h e   d e s i g n   r a t e   o f  1800 m3/day. (V-notch  weirs  are recommended 

f o r   f l o w s   l e s s   t h a n  2450  m3/day [450 USGPM]). A1 so ,  t he   we i r  box 

should be longer   and/or   ba f f led   to   reduce  water   sur face   tu rbu lence  a t   the  

p o i n t   o f  head  measurement. A check o f   t h e   w e i r  on November 7 by  measuring 

t h e   r a t e   o f  change i n   t h e   c h l o r i n e   c o n t a c t  chamber  volume, revealed  the 

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

f low  inst rument   should be re fu rb i shed   o r   rep laced   w i th  a new ins t rumen t   t o  

I 

m 
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TABLE 9 .  COMPARISON  OF SOME TYPICAL DESIGN PARAMETERS  WITH CACHE CREEK STP 

PARAMETER 

CACHE  CREEK TYPICAL COMPLETE 

STP MIX  DESIGN^ 

F:M (organ ic   load ing)  0.15 - 0.26 0.2 - 0.6 

Volumetr ic   loading  ( lb  BODg/day/1000 ft3) 25 50 - 120 

MLSS (mg/L) 1500 - 2000 3000 - 6000 

1 Metcal f and Eddy Inc.  "Wastewater  Engineering:  Coll  ection  Treatment 
Disposal 'I. McGraw-Hi 11 Inc.  1972 

r 
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i 

a 

I 

p r o v i d e   r e l i a b l e   f l o w   r e c o r d i n g  and t o t a l i z i n g .  A graduated  s t ick   should 

b e   p e r m a n e n t l y   i n s t a l   l e d   i n   t h e  wei r box  as  a  manual check o f   t h e  head 

and the re fo re   t he   f l ow   i ns t rumen t ,  and as backup t o   t h e   i n s t r u m e n t  when 

i t  i s   o u t  of service. 

3.4 Bac te r i  01 ogy 

Samples  were taken for bacter io log ica l   ana lyses   a t   severa l  

s t a t i o n s   t h r o u g h   t h e   p l a n t  and upstream and downstream o f   t h e   o u t f a l l   i n  

the  Bonaparte  River.  The complete  resul ts  are  presented i n  Appendix 1. 
A summary o f  t h e   f e c a l   c o l i f o r m  and fecal   s t reptococc i   resul ts   across  the 

p l a n t   i s   p r e s e n t e d   i n   T a b l e  11. 
The mean i n f l u e n t   f e c a l   c o l i f o r m   l e v e l s   o f  5.0 x lo6 

counts/  lOOmL i s   t y p i c a l   f o r  raw sewage,  as i s   t h e   o r d e r   o f   m a g n i t u d e  

reduc t ion   across   bo th   aera t ion  and secondary c l a r i f i c a t i o n .  Human feces 

are   repor ted  (1) t o  have a FC:FS r a t i o   o f  4.4, wh i l e   o the r  warm-blooded 

animals a FC:FS r a t i o  o f  less  than 0.7. The raw i n f l u e n t  FC:FS r a t i o  a t  
Cache Creek.  ranged from 1.3 t o  3.4 w i t h  a mean o f  2.3, suggest ing   tha t  

t h e r e  nay be some animal  sources i n   t h e  sewage c o l l e c t i o n  system. 

The f e c a l   c o l   i f o r m  and feca l   s t rep tococc i   resu l t s  for t he  
Bonaparte  River samples are  sumnari zed i n  Tab1 e 12. The r e s u l t s   i n d i c a t e  
a m a r g i n a l   i n c r e a s e   i n   f e c a l   c o l i f o r m   b a c t e r i a   l e v e l s  downstream o f   t h e  

STP discharge. The Bonaparte  River  winds  through  considerable 

pasture1 and immedia te ly   nor th   o f   the  Vi 1 l a g e  where grazing  animal s 

appeared t o  have d i r e c t  access t o   t h e   R i v e r  and most c e r t a i n l y   a r e  a t  
l e a s t   p a r t i a l l y   r e s p o n s i b l e  for the  e levated  background  bacter ia   leve ls .  

These 1 eve1 s probab ly   inc rease  subs tan t ia l  l y  a t  t imes o f  p r e c i p i t a t i o n  

due to   t he   resu l tan t   l andwash   e f fec t ,  and l i k e l y  produce  larger  numbers 

o f   b a c t e r i a   t o   t h e   R i v e r   t h a n   t h e  STP e f f l  uent. 
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3.5 Chl o r i   n a t i  on/Dechl o r i   n a t i  on 

Tota l   res idua l   ch lo r ine   ana lyses  were performed  several  t imes a 
day on t h e   f i n a l   e f f l u e n t .  These r e s u l t s   a l o n g   w i t h   t h e   c h l o r i n e  and 

sodium s u l f i t e  usage,  and t h e   e f f l u e n t   f e c a l   c o l i f o r m   l e v e l s   a r e   p r e s e n t e d  

i n  Table 13. 

Dur ing   t he   f i r s t   two  days, t he  amount o f  sodium s u l   f i t e  added was 

n o t   s u f f i c i e n t   t o  reduce  the  ch lor ine,  and consequently a c h l o r i n e   r e s i d u a l  

e x i s t e d   i n   t h e   f i n a l   e f f l u e n t  and f i s h   d i e d   i n   t h e   b i o a s s a y   ( b i o a s s a y  

r e s u l t s   a r e   i n  Appendix 2 ) .  A subsequent  adjustment  by, the  operator to t h e  

r a t e   o f   c h l o r i n e  and s u l f i t e   a d d i t i o n  on November 9 r e s u l t e d   i n   l i t t l e  o r  
no c h l o r i n e   r e s i d u a l  and  no  dead o r  apparen t l y   dy ing   f i sh   i n   t he   b ioassay .  
E f f l u e n t   f e c a l   c o l i f o r m   l e v e l s   i n c r e a s e d  on November 10 b u t  were about  the 

same as the  counts on  November 8, and there fore   cannot   necessar i l y  be 

a t t r i b u t e d   t o   t h e  reduced c h l o r i n e  usage. 

Improved   ch lo r i ne   app l i ca t i on  and contac t  chamber design will 
prov ide  more e f f i c i e n t   c h l o r i n e   c o n t a c t  and a l l o w   r e l a t i v e l y   l e s s   c h l o r i n e  

usage  (see  Section 3.6). 

3.6 Chlor ine  Contact  Chamber  Dye Study 

A residence t ime i n v e s t i g a t i o n  o f  t h e   c h l o r i n e   c o n t a c t  chamber 
(F igu re  2 )  us ing  f l  uorescent  dye was car r ied   ou t   to   de termine   the   degree o f  
s h o r t   c i r c u i t i n g  and long i tud ina l   d ispers ion   (backmix ing) .  

A s l  ug dose o f  Rhodamine WT dye, equ iva len t   t o   abou t  10 ug/L i f  

t h e  dye  were comp le te l y   m ixed   w i th   t he   en t i   r e   con tac t  chamber volume, was 

added t o   t h e   c o n t a c t  chamber below  the  weir  a t  t h e   p o i n t   o f  sewage in f l ow .  

The contac t  chamber e f f l u e n t  dye concent ra t ion  was cont inuous ly   mon i to red  

us ing  a Turner  f luorometer  wi th  f low-through  appurtenances and  a recorder. 

The r e s u l t s   a r e   p l o t t e d   i n   F i g u r e  3.  F1 uorescent measurements  were  ceased 

a f t e r  190 minutes due t o  darkness, and the  curve beyond t h i s   t i m e   i s  

ex t rapo la ted .  
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Y 

The theo re t i ca l   res idence   t ime   o f  129  minutes i s  based on an e s t -  

i m a t e d   f l o w   r a t e   a t   t h e   t i m e   o f   t h e  dye t e s t   o f  757 m3/day (200,000 

USGPD) ; f l o w  measurement p rob lems   a t   t h i s   s i t e   a re   d i scussed   i n   Sec t i on  

3.6. This means t h a t  i f .  the   con tac t  chamber p rov ided   t he   i dea l ,  i.e.  plug 

f low,   then a1 1 the  dye  would  reach  the chamber o u t l e t  129 m inu tes   a f te r  

i n j e c t i o n .  The ideal  never  occurs i n  such a system due t o   s h o r t   c i r c u i t i n g  

and d i s p e r s i o n  and t h e   r e s u l t   i s  a d i s t r i b u t i o n   o f  dye i n   t h e   e f f l u e n t .  

However, i n  Cache Creek's  case  the  curve i s  much more spread  out  than it 

shou ld   be   ind ica t ing   ex t reme  d ispers ion   (F igure  3 ) .  
' The t i m e   t o   i n i t i a l   t r a c e   o f  dye i n   t h e   e f f l u e n t ,  ti, i s   o n l y  

16  minutes  which  demonstrates  severe  short c i   r c u i t i n g .  The main  reason f o r  

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

surface, and t h a t   t h e r e   a r e  no u n d e r f l o w   b a f f l e s   t o   f o r c e   t h e   f l o w  down t o  

t h e   b o t t o m   o f   t h e  chamber. 
The M o r r i l l   I n d e x  and d i spe rs ion  number a r e   i n d i c a t o r s   o f  

l ong i tud ina l   d i spe rs ion   (backmix ing ) .  A M o r r i l l   I n d e x   o f  1.0 represents 

p l u g   f l o w  and t h e   h i g h e r   t h e   v a l u e   i s  above 1.0 the   g rea te r   t he   d i spe rs ion ,  

and t h e r e f o r e   t h e  more spread  out  the  curve.  Index.  values  greater  than 3.0 

represent   "a   la rge  amount o f   d i s p e r s i o n "  ( 2 ) .  The M o r r i l l   I n d e x  a t  Cache 

Creek was 4.4. 

The d i spe rs ion  number, which  equals 0 f o r   p l u g   f l o w  and i n f i n i t y  
f o r   c o m p l e t e l y   m i x e d   f l o w ,  was c a l c u l a t e d   a f t e r   L e v e n s p i e l  ( 3 ) .  Accord ing  

t o  Levenspiel a va lue   o f  0.2 represents a l a r g e  amount o f  d i spe rs ion .   I n  

t h i s   s t u d y   t h e   d i s p e r s i o n  number i s  approximately 5 and 1 i ke t h e   M o r r i l l  

Index   ind ica tes  much d i s p e r s i o n   i s   o c c u r r i n g .  

There  are  probably   severa l   reasons  for   the  shor t   c i   rcu i t ing and 
d i s p e r s i o n   i n c l u d i n g :  

i ) b o t h   i n l e t  and o u t l   e t   a r e   a t   t h e   s u r f a c e  

i i )  t h e r e   i s  no u n d e r f l o w / o v e r f l o w   b a f f l i n g  

iii) the   l ow   l eng th - to -w id th   ra t i o   o f   app rox ima te l y  12 
i v )   t h e   h i g h   h e i g h t   t o   w i d t h   r a t i o   w h i c h  ranges  from 2 t o  3 

r. 
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The f i r s t  two  items were d iscussed  prev ious ly  and i n s t a l   l a t i o n   o f  3 or 5 
a l t e rna t i ng   under f l ow /ove r f l ow   ba f f l es   wou ld   s ign i f i can t l y   reduce   sho r t  

c i r c u i t i n g .  The l e n g t h - t o - w i d t h   r a t i o   o f  12 i s   q u i t e   l o w  and should be i n  

excess o f  20 i n  o rde r   t o   ach ieve  any degree o f   p l  ug f low. A1 so, t h e  more 

t u r n s   ( i n   t h i s  case 4 )  i n   t h e  chamber t h e   g r e a t e r   t h e  number o f  dead spaces 

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

would be t o  have 2 l eng thw ise   ba f f l es   ra the r   t han  4 widthwi se b a f f l e s ,  

thereby  reducing  the number o f   t u r n s   t o  2 and inc reas ing   t he  L:W r a t i o   t o  

about 24. Wi th   regard   to   the   he igh t   (water   depth)  : w i d t h   r a t i o ,  one study 

( 4 )  conc luded  that   th is   va lue  should be less   than 1.0 i n  o rde r   t o   m in im ize  

t h e   e f f e c t s   o f   d e n s i t y   c u r r e n t s  and sidewal l   drag on the   l i qu id ,   t he reby  

reduc ing   d i   spers i  on. 

Apar t   f r om  p lug   f l ow   the   e f f i c i ency  o f  d i s i n f e c t i o n   b y   c h l o r i n a -  
t i o n  i s  very dependent on i n i t i a l   m i x i n g .   R a p i d   m i x i n g   u s i n g  an h y d r a u l   i c  

pump or mechanical  mixer  immediately  downstream o f  c h l o r i n e   i n j e c t i o n  

p r o v i d e s   e f f i c i e n t  use o f   t h e   c h l o r i n e  by   max imiz ing   f ree   ch lo r i   ne /bac ter ia  

c o n t a c t   b e f o r e   t h e   c h l o r i n e   i s   c o n v e r t e d   t o   c h l o r a m i n e s  and o the r   l ess  
e f f e c t i v e   d i s i n f e c t a n t s .  

The c o m b i n a t i o n   o f   r a p i d   i n i t i a l   m i x i n g  and p l u g   f l o w   r e s u l t s   i n  

more e f f i c i e n t  use o f   c h l o r i n e  and t h e r e f o r e   l e s s   c h l o r i n e  usage f o r   t h e  

same degree o f   d i s i n f e c t i o n .  

The e f f i c i e n c y   o f   t h i s   c o n t a c t   t a n k   c o u l d  be s i g n i f i c a n t l y  im-  

proved  wi th  2 m ino r   mod i f i ca t i ons :  

1) i n j e c t   t h e  C12 solut ion  under  pressure  through a sparger 

pipe  below  the  water  surface  underneath  the  inf luent 

w a t e r f a l l .  

2 )  i n s t a l l  an under f low  ba f f le   immedia te ly  downstream o f   t h e   i n -  

l e t   m i x i n g  zone. This  will separa te   t he   ag i ta t i on  caused  by 
the   m ix ing   f rom  the   p lug   f l ow   reg ion   o f   t he  chamber as we l l  

as f o r c e   t h e   i n f l   u e n t   t o   t h e   b o t t o m   o f   t h e   t a n k  and increase 

d i s t r i bu t i on   t h rough   the   en t i re   t ank   c ross   sec t i on .  

m 

I 

I 

Yl 
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Fur the r   mod i f i ca t i ons   i nc lud ing   mechan ica l   m ix ing   and /o r   add i t i ona l   a l t e r -  

n a t i  ng over f l   ow/under f l  ow b a f f l e s   c o u l d  be  added a t  a l a t e r   d a t e  i f  deemed 

necessary. 

Ch lo r ine  usage cou ld  be rninimi zed  by  removing  chl o r i  ne dernandi ng 

s e t t l e d   s o l   i d s   f r o m   t h e  chamber on a regular   bas is .  Less C12 usage 

reduces  sodium su l f i t e   requ i remen ts  and the re fo re   t he   cos ts   assoc ia ted   w i th  

both. 
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NOMENCLATURE 
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1 

Y 

I 

I I  
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a 

L 

mL 

kg 

mg 
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d 
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l b  

USGPO 

I GPD 

D.O. 

STP 

F :M 

S V I  

MLSS 

MLVSS 

BOD5 

coo 
TOC 

TR 

TVR 

NFR 

1 i t r e  

m i l l i l i t r e  

k i  1 og ram 

m i l l i g r a m  

hour 

day 

met r e  

pound 

United  States  gal   lons  per day 

Imperial   gal  1 ons  per  day 

d i   s s o l  ved  oxygen 

sewage t rea tment   p lan t  

f ood   t o   m ic roo rgan i  sm r a t i o  

s l  udge vol ume index 

mixed l i q u o r  suspended s o l i d s  

mixed 1 i q u o r   v o l a t i l e  suspended s o l   i d s  

biochemical  oxygen demand 

chemical  oxygen demand 

to ta l   o rgan ic   carbon 

t o t a l   r e s i d u e  

t o t a l   v o l a t i l e   r e s i d u e  

non- f i  1 t e r a b l  e res idue 
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I n t   r o d u c t  i on 

Samples f o r   b a c t e r i o l o g i c a l   a n a l y s i s  were co l lec ted   f rom  the  raw 

i n f l u e n t  (CCOl),  each o f   t h e  two aerat ion  tanks (CC02,  CCOZA), each o f  

t h e   t w o   c l a r i f i e r s  (CC03,  CC03A), th rough  the   ch lo r ine   con tac t  chamber 
(CC04A,  CCO49,  CCO4C, CC04), and f rom  the   f i na l   dech lo r i na ted   e f f l uen t  

(CC05). Sampling a t  CC03 and CC03A  was d i s c o n t i n u e d   a f t e r   t h e  0800 

samples on  Nov. 9 and  rep1  aced w i t h  CCO3C, a sample o f   t h e  combined 

c l a r i f i e r   e f f l u e n t s  . The bac te r io log i ca l   resu l t s   a re  summari  zed i n  Tabl e 

l a  and p resen ted   g raph ica l l y   i n   F igu res   l a -6a .  The d a i l y   b a c t e r i o l o g i c a l  

resu l t s   a re   p resen ted   i n   Tab le  4a. Sample s t a t i o n   l o c a t i o n s   a r e  shown i n  
F igu re  7a. 

To ta l  Col i forms 

T o t a l   c o l i f o r m  measurements  were made  on the  raw i n f l u e n t  and 

f i n a l   e f f l u e n t  samples. Due t o   d i f f i c u l t i e s   w i t h   c u l t u r e  media q u a l i t y  

and/or  interferences  f rom  other  organisms,  there i s  v e r y   l i t t l e   t o t a l  

co l i f o rm  da ta .  The da ta   t ha t  was obta ined showed a 99.921% r e d u c t i o n   i n  

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

Fecal  Col i forms 

Feca l   co l   i fo rm (FC) analyses were conducted  two o r  three  t imes 

d a i l y  a t  a1 1 t rea tment   p l   an t  sample po in ts .   F igu re  l a  ill u s t r a t e s   t h e  

decrease i n  FC l e v e l  s through  the  p lant .   Approx imate ly  a 1 log10 

u n i t   d e c r e a s e   i n  FC dens i t i es   occu rs   a f te r  each t reatment   s tage  wi th  a 2 

1 og lo   d rop   occur r ing  due t o   c h l o r i n a t i o n .  

Pe rcen t   reduc t i on   o f   f eca l   co l   i f o rms   a f te r  each t rea tmen t   s tage   i s  

presented i n  Tabl e 2a. The cause of the   apparent   inc rease  in  FC between 



c h l o r i n a t e d  and 

unknown. A d d i t i  

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

o n a l   s u l f i t e  wa 
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samples (CC04 and CC05, r e s p e c t i v e l y )   i s  

s added t o   t h e   s a m p l i n g   b o t t l e s   f o r  CC04 and 
CC05 f o l l o w i n g   t h e  0800 h sampling on Nov. 11 t o  e n s u r e   t h a t   d i s i n f e c t i o n  

was ha1 t e d   i n   t h e  sample b o t t l e s   d u r i n g   s t o r a g e   p r i o r   t o   a n a l y s i s .  A 
comparison o f   r e s u l t s   f o r   t h e  two  treatments i s  presented  below: 

Fecal  Col  iforms  (counts/100 mL) 

S t a t i o n  CC04 S t a t i o n  CC05 

< 10 

Wi thout   add i t iona l  10 
Sul f i  t e  < 10 

90 

40 

Mean FC/100 mL 

20 

Wi th   add i t iona l  790 

Sul f i t e  < 10 

500 

Mean FC/100 mL (< )218 
- 

< 10 

390 
10 

< 10 

1400 

160 

230 
(< )316 
- 

20 

510 

190 
4300 

1255 
- 

The data shows t h a t  FC l e v e l s   i n   t h e   f i n a l   e f f l u e n t  were h ighe r  

r e g a r d l e s s   o f   t h e   a d d i t i o n   o f   e x t r a   s u l f i t e   t o   t h e  sample b o t t l e s .  
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I 

r 

I 

L e v e l s   o f  FC th rough  the   p lan t   remained  fa i r l y   cons tan t   a t  a1 1 

samp l ing   t imes   (F igu re   3a )   w i th   s l i gh t l y   h ighe r   l eve l s   occu r r i ng  a t  t h e  

1100 h and 1300 h sampling  t imes compared t o   t h e  0800 h samples. 

Samples co l l ec ted   t h rough   the   ch lo r i ne   con tac t  chamber were 

ana lyzed   f o r  FC and t h e   r e s u l t s   a r e  shown i n   F i g u r e  5a. Considerable 

v a r i a t i o n  was noted i n   t h e  FC l e v e l s ,   p a r t i c u l a r l y   a t   s t a t i o n s  CCO4C 

and CC04. This  presumably was t h e   r e s u l t   o f  changes i n   c h l o r i n e  

a d d i t i o n   r a t e s  as we l l  as mix ing and1 i n f l u e n t   ( t o   c h l o r i n e   c o n t a c t  

chamber)  qual i t y .  

Feca 1 S t  reptococc i  

A1 1 samples  analyzed f o r  FC were a1 so ana lyzed  fo r   feca l  

s t r e p t o c o c c i  (FS) . Unl i ke FC, t h e  FS d e n s i t i e s   i n c r e a s e d   a f t e r  

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

(F igu re  2a) . F i n a l   e f f l u e n t   l e v e l s  were i n   t h e  same range as FC 

a1 though  were somewhat more va r iab le .  

FS leve ls   t h rough   the   p lan t  were r e l a t i v e l y   c o n s t a n t   a t  a1 1 

sampl ing   t imes as ill u s t r a t e d   i n   F i g u r e  4a. 
The decrease i n  FS through the  ch lo r i ne  contact  chamber i s  

s i m i l a r   t o   t h a t  observed f o r  FC (F igu re   sa ) ,   w i th  FC 1 eve1 s being 

s l i g h t l y   h i g h e r .  

C a l c u l a t i o n   o f   t h e  FC:FS r a t i o   p r e s e n t s  some i n t e r e s t i n g  

r e s u l t s .  The raw i n f l u e n t   f o r  example has an FC:FS r a t i o   o f  2.3 (Table 

3). Th is  value does no t   ag ree   w i th   l i t e ra tu re   va lues   f o r   mun ic ipa l  

sewage wh ich   s ta te   tha t  such e f f l u e n t s  have FC:FS r a t i o s   i n  excess o f  

4.4. The reason f o r   t h i s   d i s c r e p a n c y   i s  unknown. The v a r i a t i o n   i n  

r a t i o s   t h r o u g h   t h e   p l a n t   r e f l e c t   t h e   d i f f e r e n t i a l   d i e - o f f   r a t e s   f o r  
f e c a l   c o l   i f o r m s  and feca l   s t rep tococc i .  
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Standard P1 a t e  Count 

L imi ted   sampl ing   fo r   th is   parameter  was under taken  wi th   the 

e x c e p t i o n   o f   t h e   i n f l u e n t  and f i na l   e f f l uen t   samp l ing   po in ts .  The 

t reatment  and d i s i n f e c t i o n   o f   t h e  sewage r e s u l t e d   i n  a 99.585% reduct ion 

i n b a c t e r i  a1 numbers. 

Bonaparte  River 

Samples c o l l e c t e d  40 m upstream (BROlA & BROlB) and 60 m 

downstream (BROEA & BROZB) o f   t h e   e f f l u e n t   d i s c h a r g e   d i d   n o t   d i f f e r  

s i g n i f i c a n t l y   f o r  TC, FC, FS or SPC measurements. Dur ing   th is   s tudy ,  
t h e   d i s c h a r g e   o f  sewage from t h e  Cache Creek STP d i d   n o t   r e s u l t   i n  

e l e v a t e d   l e v e l s   o f   i n d i c a t o r   b a c t e r i a   i n   t h e   r i v e r .  

.I 

L 
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Table 2a. PERCENT REDUCTION OF BACTERIA LEVELS AT VARIOUS TREATMENT STAGES 

Parameter % Reduction From I n f l u e n t  

Post- Post- Post- F ina l  

Ae ra t i on  C1 a r i  f i  c a t i o n  C h l o r i n a t i o n  E f f l u e n t  

Fecal Col i form 92.2 

Fecal  Streptococci (33.3) 

Tota l  Col i form " 

Standard P1 a t e  Count 82.63 

99.04 
97.66 
" 

96.83 

99.997 
99.986 
" 

99.992 

99.993 
99.960 

99.921 

99.585 

I 

Table 3a. FC:FS  RATIOS AT VARIOUS TREATMENT  STAGES 

Treatment  Stage FC:FS R a t i o  

I n f l u e n t  

Post-Aerat ion 

Post-C1 a r i  f i  c a t i  on 

Post -Chl   or inat ion 

F i n a l  Effl uent 

2.3 
0.14 

0.98 

0.53 

0.43 
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Object ives I 

- t o  d e t e r m i n e   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  Cache Creek Sewage 

Treatment P1 a n t ' s   f i n a l   e f f l   u e n t  

- t o   f i e 1  d test   the  Aquat ic   Tox ic i ty   Laboratory 's   Cont inuous  F low D i  1 u t e r  

Termi no1  ogy 

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

d e t e c t   o r  measure the   p resence   o r   e f fec t   o f  one o r  more substances,  wastes, 

or   env i ronmenta l   factors ,   a lone  or   in   combinat ion,  on aquatic  organisms 

(Standard Methods, 1973). 

Acute - i n v o l v i n g  a st imulus,  severe enough t o  br ing  about a response 

s p e e d i l y ,   u s u a l l y   w i t h i n  96 hours  for   f ish.  

m 

I 

I 

I 

Le tha l  - c a u s i n g   d e a t h ,   o r   s u f f i c i e n t   t o  cause it, by d i r e c t   a c t i o n .  

A con t i nuous   f l ow   o r   f l ow   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 icant   so lu t ion   a re   mixed and d e l i v e r e d  

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 continuous f l  ow-through o f   t h e  

test   tox icant .   [F low-through  tests   are  des i rab le  for   wastes  that   are 
suspected  of   having a high  bi  o-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 t h a l   c o n c e n t r a t i o n   o r   t h a t  

1 eve1 o f  a measurabl e le tha l   agent   requ i   red   to  k i  11 the   50 th   percent i  1 e i n  

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

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

- LT50 - t h i s   t e r m   r e f e r s   t o  median l e t h a l   t i m e   o r   t h e   t i m e   t o   d e a t h   o f  , 
t h e   5 0 t h   p e r c e n t i l e   o r g a n i s m   i n  a spec i f ied   concent ra t ion  or l e v e l   o f  

measurable l e t h a l  agent. The maximum exposure  t ime may be spec i f i ed .  

I, 

Y 

r 
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M a t e r i a l s  and  Methods 

The Aquat ic   Tox ic i ty   Labora tory 's   Mob i le   Labora tory   con ta in ing  a 

cont inuous fl ow-through d i l   u t e r  was used f o r   t h e  survey. 

[The d i l u t e r   p e r m i t s   t h e   r e p 1   i c a t i o n   o f  5 e f f l u e n t   c o n c e n t r a t i o n s  

and o f  a f resh   wa te r   con t ro l .  It i s   c o n s t r u c t e d  so t h a t   t h e  sample  and t h e  
d i lu t ion   water   a re   w i thdrawn from header  tanks and a re  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 concen- 
t r a 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 a r e   d e l i v e r e d   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   v e s s e l s   i n t o   w h i c h  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 val  ues.] 

On s i t e   a c u t e   l e t h a l   c o n t i n u o u s  f l  ow-through  bioassays were 

performed. 

The tes t   spec ies  used  were underyear l   ing  salmo  gai   rdner i  (Rainbow 

t r o u t )   t h a t  ranged i n   s i z e   f r o m  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 a b o r a t o r y   c o n d i t i o n s   f o r  one 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   d u r i n g   t h i s   t i m e .  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 tes t   vesse l .  

The e f f l u e n t  sample was c o n t i n u a l l y  pumped from an inspec t ion   ven t  
i n   t h e   b u r i e d   d i s c h a r g e   p i p e   l e a d i n g  from t h e   s e w a g e   t r e a t m e n t   p l a n t  t o  t h e  

Bonaparte  River. The d i l u t i o n   w a t e r  was pumped from the  Bonaparte  River  at  

a po in t   ups t ream  o f   the  sewage t r e a t m e n t   p l a n t ' s   o u t f a l l   p i p e .  

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  permi t ted a 90% molecu la r   rep lacement   o f   tes t   so lu t ion  

over 7.2 hours. The f o l l o w i n g   t e s t   d i l u t i o n s  were  used; loo%, 87%, 75%, 
65%, 56%, and a c o n t r o l .  

The e f f l u e n t  sample and d i l   uen t   wa te r  were aera ted   in   the   header  

tanks   p r i o r   t o   en te r ing   t he   t es t   vesse ls .   Tes t   vesse l   d i sso l ved  oxygen 

were  measured and reco rded   pe r iod i ca l l y   t h roughou t   t he   t es t   pe r iod .  
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The pH i n  one o f   t h e  100% concen t ra t i on   t es t   vesse l  s was monitored 

cont inous ly   us ing  an Orion pH meter and a Var ian  St r ip   Char t   recorder .  

Resul ts  

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 p rob lem  invo lv ing   the  

vacuum dependent  mixing  system  occurred and con t inued   fo r   t he   du ra t i on   o f  

t he   t es t i ng .   P roper   so lu t i on   m ix ing  was never  attained.  Consequently,  the 
d e l   i v e r y   r a t e  o f  s o l u t i o n   t o   t h e   t e s t   v e s s e l s   ( w h i c h  was dependent upon 

accurate  mix ing)   could  not  be maintained. 

The a t tempt   to   de termine   acu te   le tha l  i t y  by means o f  LC50 

t e s t i n g  was abandoned. Although 90% s o l u t i o n  exchange i n  7.2 hours was 

never  obtained it was no ted   t ha t   t he  100% concentrat ion and fresh  water 
c o n t r o l  s (which  were  not  dependent upon m ix ing )  were  being  rep1  eni shed - 
a lbe i t   in te rmi t ten t ly .   Consequent ly ,   by   us ing   the   two 100% concentrat ions 

and t h e  two c o n t r o l s ,   m o d i f i e d  LT50 t e s t s  were  performed. 

Once  an LT50 t e s t  was completed more f i s h  were introduced, and 

a new t e s t  was begun. As a r e s u l t ,   f i v e  LT50 t e s t s  ( o f  var ious 

d u r a t i o n s )  were ca r r i ed   ou t .  The resu l t s   a re   p resen ted   i n   Tab le  5a. 

The d i lu t ion   water   tempera ture   in   the   con t ro l   tanks   ranged  f rom 
8.1OC t o  10.8OC ove r   t he   t es t i ng   pe r iod .  The e f f l u e n t   t e m p e r a t u r e   i n   t h e  

100% concentrat ions  ranged  from 10.O°C t o  14.5OC over   the   tes t ing   per iod .  

The pH o f   t h e  100% e f f l u e n t  remained a t  7.5 t h roughou t   t he   t es t  

per iod.  The pH o f   t h e   d i l u t i o n   w a t e r  was 8.4 th roughout   the   tes t   per iod .  

Conclusion 

D u r i n g   t h e   f i r s t  3 days o f   t he   s tudy   t he  sewage t rea tment   p lan t  

e f f l u e n t  was t o x i c   t o   f i s h ,   b u t   t h e   t o x i c i t y  was g r e a t l y  reduced  dur ing  the 

l a s t  2 days. 
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