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INTRODUCTION 

The purpose of t h i s  paper i s  t o  present  t h e  r e s u l t s  of a wastewater 
c h a r a c t e r i z a t i o n  and t r e a t a b i l i t y  s tudy  performed on a n  ice  cream 
processing p l a n t  e f f l u e n t .  P a r t i c u l a r  i t e m s  of i n t e r e s t  are: 

an  i d e n t i f i c a t i o n  of wastewater sources  and c h a r a c t e r i s t i c s  
a t t endan t  t o  i ce  cream process ing;  

a d e s c r i p t i o n  of techniques implemented a t  t h e  p l a n t  t o  reduce 
wastes genera t ion ;  

a d e s c r i p t i o n  of t h e  techniques used i n  waste loading p r o j e c t i o n s  
and t h e  p ro jec t ions  developed f o r  t h e  p l an t  ; and, 

t h e  r e s u l t s  of a l t e r n a t i v e  ae rob ic  b i o l o g i c a l  t r e a t a b i l i t y  

and wastes temperature.  
c' s t u d i e s  performed on t h e  w a s t e w a t e r  a t  varying t reatment  ra tes  

PLANT/PRODUCTION INFONUTION 

The p l a n t  under i n v e s t i g a t i o n  i s  loca ted  i n  t h e  Northeast  and ope ra t e s  
e i g h t  hours  per  day, f i v e  days per  week. 
production i t e m ,  w i t h  a s m a l l  quan t i ty  of f rozen  p i e s  a l s o  being 
produced. 
i n  schematic i n  F igures  1 and 2. 

Sof t  ice  cream i s  t h e  ch ie f  

Ice cream and f rozen  p i e  product ion ope ra t ions  are shown 

Ice Cream Processing 

The manufacture of ice  cream incorpora t e s  two b a s i c  s t e p s :  

p repara t ion  of t h e  ice  cream b a s e . i n  v a n i l l a  and chocola te  
f l a v o r s ;  and, 

a d d i t i o n  of appropr i a t e  i ng red ien t s  ( i . e . ,  f r u i t s ,  n u t s ,  
f l a v o r  e x t r a c t s )  to produce a v a r i e t y  of o the r  i ce  cream 
types  beyond chocola te  and v a n i l l a .  

Ice cream base i s  produced by formulat ing a blend of cream, water ,  sugar ,  
and a d d i t i v e s .  The r e s u l t a n t  mixture  i s  then pas t eu r i zed ,  homogenized, 
c h i l l c d ,  and put  i n t o  in t e r im ,  r e f r i g e r a t e d  s torage .  

Base i s  withdrawn f rom s to rage ,  as  product ion demands, and i s  conveyed 
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Figure 1 

SCUEMATIC OF ICE CREAM MANUFACTURE UNIT OPERATIONS +! PROCESSES 
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t o  f l a v o r  t anks  wliere tlie a p p r o p r i a t e  f l a v o r  e x t r a c t  i s  added. The 
blend i s  then  passed throuSh f r e e z e r s  t o  be  conver ted  t o  a semi-so l id  
form and tlien p u t  i n t o  t l i ree  g a l l o n  c o n t a i n e r s  f o r  shipment .  F r u i t s ,  
n u t s  o r  a "ribbon" ;ire added t o  t h e  i ce  cream, as r e q u i r e d ,  j u s t  a f t e r  ' 

f r e e z i n g  and p r i o r  t o  c o n t a i n e r  f i l l i n g .  

Frozen P i e  P r e p a r a t i o n  - 

A s  s e e n  i n  F igu re  2 ,  ba t ch  f r u i t  p r e p a r a t i o n  (cooking and c o o l i n g ) ,  
dough p r e p a r a t i o n  and forming,  p i e  f i l l i n g  and f i n a l  p roduc t  f r e e z i n g  
and s t o r a g e  are  t h e  u n i t  o p e r a t i o n s  a t t e n d a n t  t o  p i e  p r e p a r a t i o n .  

WASTEWATER SOURCES 

The c h i e f  wastewater s o u r c e s  a t  t h e  p l a n t  are as follows: 

Process  Wastewater; 

Domestic Wastewater; and ,  

U t i l i t y  Wastewater ( i .e. ,  coo l ing  water, b o i l e r  blowdown) 

The  l a t te r  two forms of  wastewater are s e g r e g a t e d  from p r o c e s s  waste- 
water and are  d isposed  of s e p a r a t e l y  i n  a manner t h a t  i s  s a t i s f a c t o r y  
t o  t h e  c o n t r o l l i n g  r e g u l a t o r y  agency. Thus, o n l y  p r o c e s s  wastewater 
i s  @.scussed i n  t h i s  paper .  

I c e  C r e a m  Process  Wastewater 
-. 

Wastewater g e n e r a t i o n  i n  i ce  cream process ing  r e s u l t s  from c l eanup  
o p e r a t i o n s  which can  be d i v i d e d  i n t o  two g e n e r a l  types :  

Genera l  p l a n t  c leanup which o c c u r s  a t  t h e  end of  t h e  produc- 
t i o n  day. A l l  equipment from t h e  "mixr' s t o r a g e  taiilc d i s -  
charge  pumps t o  t h e  f i l l i n g  spou t  i s  "broken down" and c l eaned .  

- --- 

Sporadic  c leanup i n c l u d e s :  

.. Tank Truck C l e a n u l -  Whenever a cream t ank  t r u c k  i s  empt ied ,  
i t  must be  hosed c l e a n  b e f o r e  l e a v i n g  t h e  p l a n t .  
-.- 

P a s t e u r i z e r ,  IJomogenizer, C h i l l e r  F1ushout - Wienever a r u n  --- - -I_- 

of  mix i s  cornp.leted, t h i s  equipment must be  f l u s h e d  o u t .  The 
o p e r a t i o n  i s  performed by hosing domi each p a s t e u r i z e r  v e s s e l  
and then  pumping t h e  r e s u l t a n t  wastewater through t h e  homo- 
g e n i z e r  and c h i . l l e r  and o u t  t o  was te .  

.. __ P a s t e u r i z e r  ,2-.--...-?---- Hnilio c i i i ze r  C h i l l e r  Xinscout  _I - - T h i s  o p e r a t i o n  
i s  pc'rforiiied s i i n i l a r l y  t o  a i l u s l iou t  excep t  t h a t  i t  i s  per -  
formed o n l y  one tiine pe r  day r e g a r d l e s s  of t h e  volume o r  
t y p c s  of mises  prepared .  I n  t h i s  o p c r a t i o n ,  water, d e t e r g e n t  
and a s a n i t i z e r  arc  u s e d  t o  p reven t  a f i l m  bu j ldup  i n  t h e  
ecluipiiieiit. IJo c o n t a c t  17ith raw i c e  c r e m  i n g r e d i e n t s  i s  made 
i n  t h i s  opcra  t i o n .  
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* *  Mix S to rage  Tank Cleanup - Whenever a m i x  s t o r a g e  t a n k  i s  
c o n p l e t e l y  cinptied, t h e  t ank  i s  hosed down and r i n s e d  w i t h  
c l e a n  water. 

. Small Rackflush - Whenever a change i s  t o  be made i n  t h e  
type  of f r u i t  (or  n u t s )  o r  r i b b o n  t o  be added t o  a g i v e n  
f l a v o r  i c e  creain, t h e  f r u i t  o r  r i b b o n  f e e d e r  and t h e  p i p i n g  
from t h i s  u n i t  t o  t h e  f i l l i n g  spou t  i s  f l u s h e d  so  t h a t  no 
i n t e r m i x i n g  of p roduc t  t y p e s  i s  r e a l i z e d .  

0 .  Complete Backflush - Whenever a s i g n i f i c a n t  change i n  f l a v o r  
t y p e s  i s  t o  be made (as f o r  example from v a n i l l a  t o  c h o c o l a t e ) ,  
a l l  t h e  p i p i n g  and equipment between t h e  f l a v o r  t ank  and t h e  
f i l l i n g  spou t  must b e  c l eaned .  
d e s c r i b e d  above i s  performed and t h e n  t h e  w a t e r  hose is f e d  
i n t o  t h e  f i l l i n g  s p o u t  t o  p a s s  water through t h e  p i p i n g  
back t o  t h e  f l a v o r  t a n k  d i s c h a r g e  valve. 

F i r s t  a small b a c k f l u s h  as 

From t h e  f o r e g o i n g ,  i t  should b e  no ted  t h a t  t h e  number and f r equency  
of t h e  s i x  s p o r a d i c  t y p e  c l eanups  i n  an i ce  cream p l a n t  are a f u n c t i o n  
o f :  

volume of product  handled ( i . e . ,  t h i s  a f f e c t s  t h e  number of 
t a n k  t r u c k  c l eanups  and mix s t o r a g e  t ank  c l eanups ) ,  

v a r i a t i o n s  i n  f l a v o r s  produced ( i . e . ,  t h i s  a f f e c t s  t h e  number 
and frequency of complete b a c k f l u s h e s ) ,  . 

v a r i a t i o n s  i n  i n g r e d i e n t s  added t o  a g iven  f l a v o r  i c e  cream 
(i.e.,  t h i s  a f f e c t s  t h e  number of s m a l l  b a c k f l u s h e s ) ,  

t h e  type  and volume of b a s e  mix ( v a n i l l a ,  c h o c o i a t e  o r  ice) 
produced ( i .e . ,  t h i s  a f f e c t s  t h e  number of P a s t e u r i z e r ,  Homo- 
g e n i z e r  and C h i l l e r  F l u s h o u t s ) .  

P i e  P l a n t  P rocess  Wastewater 

Four types  of c l eanups  are performed i n  t h e  p i e  p l a n t :  s l o p  s i n k  
cleanup of u t e n s i l s ,  c leanup of f r u i t  'cooking v a t s ,  g e n e r a l  f l o o r  
c leanup (performed a t  t h e  end of t h e  day ' s  p i e  p r o d u c t i o n  and subse- 
quent  t o  a d ry  cleanup of t h e  f l o o r ) ,  and pan c l e a n i n g  performed i n  
t h e  dishwasher .  The most s i g n i f i c a n t  of  t h e s e  o p e r a t i o n s  i n  terms 
of wastewater q u a n t i t y  and s t r e n g t h  i s  t h e  g e n e r a l  cleaiiup. 

WASTEWATER CHARACTERISTICS 

Source Was t ewa t er Charac te r  i s  t i c  s 

Source wastewater c h a r a c t e r i s t i c s  were determined from a n a l y s i s  o f  
waste samples  c o l l e c t c d  on a d a i l y  b a s i s  froiii each waste s o u r c e  when- 
eve r  t h e  o p c r a t i o n  occur red .  
so t h a t  a l l  f l a v o r  t y p c / i n g r e d i c i i t  ef f e c t s  could be accounted f o r .  
The r e s u l t s  of t h i s  program i n  terms of  mass emiss ion  ra tes  f o r  BOD 
and Flow arc  p rescn tcd  in Table 1. A s  can be seen  i n  Tab le  1, t h e  
g e n e r a l  p l a n t  c leanup y i e l d s  tlic h i g h e s t  u n i t  BOD l o a d  as w e l l  as a 

The sampling program spanned 2-1/2 months 

1 6  7 



TABLE 1 

i 
I GeEeral Plant Cleanup I (;.lajor Cleanup) 

ICE CREAM PROCESSING WASTEWATER CKARACTERISTICS 
Average Unit WastG Generation 

50 

Unit Operation ! 

Creaq Storage Tank 
Xinse 

Pasteurizer, Homogenizer, 
P Chiller Flu.shout o\ 
03 

Pasteurizer, Homogenizer 

Nix Storage Tank Wash 

Chiller Rinseout f 
1 
I 

Unit BOD Load I (lb s )  

0 

18 

0 

12 

0 

50 

50 

50 

1 

Rinsewater conveyed to 
pasteurizer as part of mix. 

Occurs at end of base flavor 
run. Maximum number of occur- 
rences equals 3 per day. 

Occurs once per day 

May occur up to 5 times per 
day. 

250 

1 Small Backflush I 13 

Occurs 1 time per day. 

25 I 1 ComTlete Backflush 
Pie Shop Cleanup 15 

1 Pan Wash Discharge I 1 

Unit Flow 
(gals) 

Comments 

Occurs one time per day at 
end of production day. 

1,000 

35 Occurs on receipt of each 
4,000 gal. tanker. 

650 1 Occurs up t o  6 times per day. 

1,300 1 Occurs up to 3 times per day. 

400 Occurs 1 time ger day.(Covers 
approx. 660 ft of production 
area). 



high u n i t  f low. However, more important  i n  terms of t h e i r  e f f e c t  on 
t h e  o v c r a l l  p l a n t  wastewater c h a r a c t e r  , are t h e  u n i t  o p e r a t i o n s  t h a t  
can occur  more than  one time p e r  day. These o p e r a t i o n s  are: 

P a s t e u r i z e r ,  Homogenizer, C h i l l e r  F lushou t ;  

Mix S to rage  Tank Mash; 

Small  Backflush; and,  

Complete Backf l u s h .  

The least  s i g n i f i c a n t  o p e r a t i o n s  i n  terms of t h e i r  impact on o v e r a l l  
wastewater c h a r a c t e r  are: 

Tank Truck Vash; 

P a s t e u r i z e r ,  Homogenizer, C h i l l e r  R inseou t ;  and,  

Pan Wash Discharge.  

Overall Wastewater Charac t e r  

Table  2 p r e s e n t s  t h e  maxima, minima and ave rage  c h a r a c t e r i s t i c s  of t h e  
o v e r a l l  p rocess  waste stream. 
2-1)’2 month p e r i o d  u t i l i z e d  t o  c h a r a c t e r i z e  waste s o u r c e  c h a r a c t e r i s t i c s .  
Composite samples were o b t a i n e d  by c o l l e c t i n g  t h e  t o t a l  d a i l y  waste- 
water volume i n  t h e  e x i s t i n g ,  a e r a t e d  e q u a l i z a t i o n  t ank .  
r ange  i n  d a t a  sets  shown i n  Tab le  2 i s  caused by t h e  day-to-day v a r i a -  
t i o n s  i n  t h e  number of small  b a c k f l u s h e s ,  complete b a c k f l u s h e s ,  and 
m i x  s t o r a g e  t ank  c l eanups  t h a t  are  performed. 

The d a t a  were a c q u i r e d  ove r  t h e  same 

The wide 

An a l t e r n a t i v e  method of p r e s e n t i n g  t h e  t o t a l  d a i l y  BOD5 l o a d  d a t a  
[ t h a t  is la ter  ( see  I.!ASTET;’ilTER CHARACTERISTICS FORECAST, 14ethod 11) 
shown t o  be u t i l e  i n  p r o j e c t i n g  waste loads ]  i s  by u s e  of s t a t i s t i c a l  
a n a l y s i s .  A s  s e e n  
i n  t h i s  F i g u r e ,  t o t a l  d a i l y  BOD l o a d s ,  a t  p r e s e n t ,  a t  t h e  p l a n t  shou ld  
n o t  b e  expected t o  exceed 400 l b s  and 340 l b s  more t h a n ,  r e s p e c t i v e l y ,  
f i v e  and t e n  p e r c e n t  of t h e  t i m e .  

F igu re  3 p r e s e n t s  t h e  r e s u l t s  of such a n  a n a l y s i s .  

Four recommendations were made f o r  improving t h e  wastestream: 

Convey p a s t e u r i z e r ,  homogenizer, c h i l l e r  f l u s l i o u t  wastewater 
(see t h e  ear l ier  s e c t i o n  e n t i t l e d  CLEUWP OPERATIONS f o r  
d e s c r i p t i o n  of t h i s  o p e r a t i o n )  t o  t h e  mix s t o r a g e  t a n k s  r a t h e r  
t h a n  t o  waste. 

Empty the .mix  s t o r a g e  t a n k s  more completely of t h e i r  c o n t e n t s  
b e f o r e  c leanup i s  i n i t i a t e d .  

9 Close r  mix fo rmula t ion  c o n t r o l  should be i n i t i a t e d  so  t h a t  a 
minimal res idua l  i n  t h e  f l a v o r  t a n k s  remains a f t e r  p r o d u c t i o n  
i s  c o n p l c t e d .  
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TABLE 2 

Aver age Maximum 

4,000 5,400 

6 , 2 0 0  13,600 

7,800 17,000 

20 7 540 

'1,170 4,820 

I t e m  Minimum R a t i o  Kin. 

2.8 1 , 950 

2 ,540  5.3 

3,220 5.3 

90 6.0 

1 4 0  35 

T o t a l  D a i l y  Flow 
g?d 

11 

BOD (5da.-20°C) 
(mg/ 2 )  

100 0 = 100 

COD (mg/J?)  

-- I 10.6 

BOD (5da. -2OOC) 
l b s /  day 

4.2 2.5 

Suspended S o l i d s  
( m g / J ? )  

S e t t l e a b l e  S o l i d s  
(mg/R) 

ICE CREW? PROCESSING WASTBWATER CHAFUCTERISTICS 

OVERALL EFFLGEXT DATA SU3WiiY 

I I I 
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Automatic steam/watcr mixing valves should.be installed on the 
hoses which presently do not have them to reduce water wasting 
when a hose is dropped and left to run. 

PRODUCTION Ah9 UNIT OPEMTIONS FREQUENCY VS. WASTEWATER 
CHARACTERISTICS FORECAST TECHNIQUE 

In order to develop scale-up data for future wastewater flow and strength, 
two alternative approaches were employed. The first was to review 
wastewater generation in terms of the units of production (i.e., deter- 
mine the unit flow and BOD per unit of finished product). 
approach was to relate wastewater generation to unit operations of 
production. 

The second 

Ice Cream Operations 

Present production of ice cream is 32,000 gallons per week or approxi- 
mately 2,000 units per day. 
expected to be reached in 1975 or 1976 when daily production will be 
approximately 6,000 units per day (unit equals one 3 gallon ice cream 
container). Note, however, that it is the cleanup operations which 
directly affect Wastewater volime and strength and these are related 
to changes in production items and not directly to the volume of 
production. Thus it was decided that investigation of the frequency 
of unit production operations was a more precise method of forecasting 
wastkwater characteristics. 

Ultimate plant production capacity is 

Pie Plant Operations 

The only significant wastewater source in pie plant operations was 
found to be the floor cleanup performed at the end of the day's produc- 
tion. Just as in the case of ice cream preparation, the volume and 
strength of waste is independent of the number of pies produced but is 
a function of whether or not any pies are made. Although plans exist 
to expand the pie plant in the future, no expansion of the processing 
area is intened (Note: Expanding the processing floor area would 
mean more floor to clean and thus a greater wastewater volume and 
strength). The expansion will incorporate new office and freezer 
facilities and a more intensive use of the production area. 

--- 

WASTEWATER CIURACT ERI S T I C S FORECAST 

The previous section defined the type of data to be utilized for fore- 
casting (i.e., waste generated per unit operation). This section 
describes the data analysis methods used in developing the forecast of 
wastewater characteristics. 

Method I - Unit Process Effects 
Using the unit wastes data presented in Table 1 in conjunction with 
forecasts regarding the frequency of unit operation occurrence in the 
future, estimates of future waste loads were made. These estimates 
are shown in Tables 3 and 4 .  Note that, because of the addition of a 
new freezer and attendant piping, the unit BOD and flow factors for 
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Unit 
Operation 

-Tank Truck Wash 

Cream Storage Tank 

Pasteurization 
Homogenization 
Chilling Flushout 

P 
.I w Nix Storage Tank Wash 

Small Backflush 

Complete Backflush 

Major Cleanup 

Pie Snop Cleanup 

TABLE 3 

BOD5 FORECAST 

(Based on Unit Operation Waste D 

Unit Waste Load 
(lbs BOD/day) 

111 BOD/receipt 

Zero 

18# BOD/flushout 

12# BOD/washout 

. .  

138 BOD/backf lush 

258 BOD/backflush 
but 2 parallel 
systems exist 
- Use : 50# BOi)/backf lush 

SO# BOD/operation 

Use 15#/cleanup 
for 660 ft2 

Future Unit Operation 
Frequency* 

1 tanker per day 
Zero 

Assume 3 flushouts per 

Assume all 5 tanks washed 

Assume 6 per day 
Assume 3 'per day 

day 

per day 

1 per day 
Future = same as today 

Future 
Ultimate Waste Load 

( l b s  BOD/day) 

1 
Zero 

54 

60 
78 

150 

50 

15 

Total 408 lbs BOD 
per day 

*Per analysis with plant manager. 



Uni t  
Opera t ion  

Tank Truck Wash 

C r e a m  S torage  Tank 

P a s t e u r i z a t i o n  
Homo g e n i  z a t i o n  

C h i l l i n g  Flushout  

Plix Sto rage  Tank Wash 

P 
w * 

Small  Backflush 

Complete Backflush 

Na j o r  Cleanup 

P i e  Shop Cleanup 

TABLE 4 

c. 

WASTEWATER FLOW FORECAST 

(Based on Unit  Opera t ion  Waste Data) 

Unit Flow 
(ga l s .  ) 

35 g a l s / r e c e i p t  

Zero 

50 g a l s / f l u s h o u t  

50 gals /washout  

650 g a l s / b a c k f l u s h  

1,560 gals/ 'packf lush** 

1,000 g a l s / o p e r a t i o n  

400 ga l s / c l eanup  

*Per a n a l y s i s  w i t h  p l a n t  manager. 

**Increased from 1300 g a l s  by 20% t o  account  f o r  the 
e x t r a  p ip ing  l e n g t h  added by t h e  new f r e e z e r .  

Fu tu re  Unit  Opera t ion  
Frequency* 

1 tanke r  p e r  day 

Zero 

Assume 3 f l u s h o u t s  p e r  

Assume a l l  5 t a n k s  washed 
p e r  day 

Assme 6 p e r  day 

Assume 3 p e r  day 

day 

4. Per day 

F u t u r e ' =  same as today 
(1 o p e r a t i q n  p e r  day)  

Future Ult imate  
Was t ewa t e r Vo 1 uine 

( g a l s  /day 1 

35 

Zero 

150 

250 

3,900 

4,700 

1,000 

4 00 

Total 10,400 ,gpd " 



t h e  c o n p l c t e  backf lush  were a d j u s t e d  upwards. Using t h i s  t echn ique ,  
t h e  p r o j e c t e d  u l t i m a t e  BOD5 and f low were 408 l b s .  p e r  day and 10,400 
g a l l o n s  per  day,  r e s p e c t i v e l y .  

Piethod I1 - Analyze T o t a l  P l a n t  E f f l u e n t  

BOD 

It w a s  f e l t  t h a t  a b e t t e r  account  of t h e  e f f e c t s  of "acc idents"  
i n  t h e  p l a n t  (which would d e f i n i t e l y  and most i m p o r t a n t l y  a f f e c t  
wastewater BOD) might be  made v i a  a s t a t i s t i c a l  a n a l y s i s .  
s t a t i s t i c a l  a n a l y s i s  w a s  performed on a l l  t h e  r a w  sampling and 
a n a l y s i s  d a t a .  A d d i t i o n a l l y ,  t h e  sampling program w a s  modi f ied  
so  t h a t  concen t r a t ed  wastes gene ra t ed  i n  t h e  s m a l l  and complete  
backf lushes  and mix s t o r a g e  t a n k  washouts could  be  c o l l e c t e d  
s e p a r a t e l y  ove r  t h e  day i n  one s e p a r a t e  v e s s e l  (an abandoned 
f l a v o r  t ank)  and sampled s e p a r a t e l y .  A l t e r n a t e l y ,  a l l  o t h e r  
p l a n t  wastewaters ( c a l l e d  d i l u t e  was tewater )  w e r e  a l s o  sampled 
and ana lyzed  s e p a r a t e l y .  The r e s u l t s  of t h e  s t a t i s t i c a l  a n a l y s e s  
are shown i n  F igu res  4 and 5. 
p e r c e n t i l e  v a l u e s  of concen t r a t ed  wastewater BOD p e r  day o,f 212 
l b s .  and 220 l b s . ,  r e s p e c t i v e l y .  F i g u r e  5 i n d i c a t e s  90 and 95 
p e r c e n t i l e  v a l u e s  of  d i l u t e  wastewater BOD p e r  day of 139 l b s .  
and 147 l b s .  BOD, r e s p e c t i v e l y .  

- 

A 

Figure  4 i n d i c a t e s  90 and 95 

To develop a scaled-up u l t i m a t e  des ign  BOD l o a d ,  t h e  fo l lowing  
were noted :  

For d i l u t e  washwater t h e  c o n s e r v a t i v e  95 p e r c e n t i l e  v a l u e  
of BOD of  approximate ly  150 l b s .  p e r  day would b e  recommended 
f o r  use  f o r  u l t i m a t e  des ign .  Th i s  i s  based on  t h e  f a c t  t h a t  
d i l u t e  washwater sou rces  w i l l  n o t  s i g n i f i c a n t l y  change w i t h  
t i m e  ( i . e . ,  p i e  p l a n t  c l eanup ,  g e n e r a l  p l a n t  c l eanup ,  t ank  
t r u c k  wash). 

For  concen t r a t ed  wastewater, a t  p r e s e n t ,  a 95 p e r c e n t i l e  
To account  f o r  an  in -  BOD of  220 l b s .  p e r  day i s  noted .  

crease i n  t h e  number of smal l  back f lushes  p e r  day (from f i v e  
performed on 31 l iarch 1971 when t h e  95 p e r c e n t i l e  w a s  ex- 
ceeded) t o  a n  u l t i m a t e  of s i x  ( f o r e c a s t e d  by t h e  p l a n t )  a 
scale-up f a c t o r  of (6/5 =) 1 . 2  should b e  used.  To account  
f o r  u s ing  a l l  t h e  e x i s t i n g  and new f r e e z e r  c a p a c i t y  a t  t h e  
p l a n t  ( t h i s  a f f  ects  complete  backf l u s h e s )  r a t h e r  t han  o n l y  
two small  i r c e z e r s  and two b a r r e l s  of t h e  new l a r g e  f r e e z e r  
(Note: T h i s  has been the maximum f r e e z e r  usage  t o  d a t e )  a 
factor of (5 f r e e z e r s  t o t a l  

Thus , c o n c e n t r a t e  
=) 1.5 should  be  used .  4fYcF-pGGSi$ i n  use  

$3;  te i,Ob1Ps ' p r o j e c t e d  t o  reach a 95 
p e r c e n t i l e  v a l u e  of (220 l b s / d a y  x 1 . 2  x 1.5 =) 400 l b s / d a y .  

The projected u l t i m a t e  95 p e r c e n t i l e  of  t o t a l  p l a n t  BOD w a s  
t hus  estiiaat.cd t o  be :  
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D i l u t e  Was liwa t er 150 l b s .  p e r  day 

Concentrated Wastewater = - 400 l b s .  p e r  day 
To t a l  550 l b s .  p e r  day 

ALTEIUIA?'X?lE WASTEWATER TREATMENT AND DISPOSAL TECHNIQUES 

Throug!.. 
a l ternLli  : : e  wastewater t r ea tmen t  a n d / o r  s e g r e g a t i o n  and d i s p o s a l  tech-  
n iques  %ere reviewed. The c h i e f  a l t e r n a t i v e s  t h a t  came under review 
were: 

t h e  s t u d y  p e r i o d  as d a t a  accumulat ion and a n a l y s i s  p r o g r e s s e d ,  

- A l t e r n a t i v e  I - Treatment of t h e  t o t a l  d a i l y  wastewater o n - s i t e  
i n  a n  extended a e r a t i o n  t y p e  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  p l a n t .  

A l t e r n a t i v e  I1 - Treatment of d i l u t e  washwaters o n - s i t e  i n  a n  
extended a e r a t i o n  type  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  p l a n t  w h i l e  
c o n c e n t r a t e d  wastewater  i s  t r e a t e d  o n - s i t e  i n  a n  a n a e r o b i c  
f e r m e n t a t i o n  t r ea tmen t  p l a n t .  

A l t e r n a t i v e  I11 - Treatment of d i l u t e  washwaters o n - s i t e  i n  a n  
extended a e r a t i o n  type  a e r o b i c  b i o l o g i c a l  t r e a t m e n t  p l a n t  w h i l e  
concen t r a t ed  wastewater i s  c o l l e c t e d  f o r  d i s p o s a l  o f f - s i t e .  

A l t e r n a t i v e  I w a s  s e l e c t e d  as' t h e  optimum t r e a t m e n t  system f o r  the 
fo l lowing  r easons :  

Pub l i shed  d a t a  (1) i n d i c a t e  t h a t  a n  extended a e r a t i o n  t y p e  
a e r o b i c  b i o l o g i c a l  t r e a t m e n t  p l a n t  w i l l  produce a h i g h  
q u a l i t y  e f f l u e n t  t h a t  w i l l  m e e t  t h e  demands of t h e  c o n t r o l -  
l i n g  r e g u l a t o r y  agency. 

Annual c o s t s  (amortized c a p i t a l  and annua l  o p e r a t i o n  and 
maintenance) f o r  A l t e r n a t i v e  I would be t h e  l ea s t  and cou ld  
b e  more r e l i a b l y  p r o j e c t e d  t h a n  t h o s e  f o r  t h e  o t h e r  a l t e r n a -  
t i v e s .  ( E s p e c i a l l y  as r e g a r d s  A l t e r n a t i v e  111, o f f - s i t e  
d i s p o s a l  c o s t s  are  s u b j e c t  t o  i n c r e a s e  w i t h  t i m e . )  

A l t e r n a t i v e  I r e q u i r e s  t h e  s i m p l e s t  o p e r a t i o n  and maintenance 
e x p e n d i t u r e s  and l a b o r  t a l e n t .  

A l t e r n a t i v e  I h a s  t h e  h i g h e s t  "shock absorbing" c a p a c i t y  of 
all t h e  a l t e r n a t i v e  s y s t e m s  s t u d i e d .  The p l a n t  w i l l  be  a b l e  
t o  s u s t a i n  t h e  e r f e c t s  of i n - p l a n t  a c c i d e n t s  ( i . e . ,  a c c i d e n t a l  
f r u i t  o r  mix s p i l l s )  w i t h o u t  r e q u i r i n g  t h e  p l a n t  pe r sonne l  t o  
c a l l  f o r  o u t s i d e  a s s i s t a n c e  ( i . e . ,  emergency scavenger  c a l l s  
t o  pump o u t  a n  overloaded t r ea tmen t  p l a n t ) .  

LABORATORY TREATABILITY STUDIES 

General 

I n  o r d e r  t o  d e f i n e  t h e  e f f i c i e n c y  of t h e  proposed extended a e r a t i o n  
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system under v a r i o u s  o p e r a t i n g  c o n d i t i o n s ,  a t h r e e  component treata- 
b i l i t y  s tudy  was developed and implemented. 

Phase I of t h e  s t u d y  w a s  designed t o  o p e r a t e  a t  a Food: l l icroorganism 
(F/kI) r a t i o  a v e r a g i n g  a t  0.07 (Note: From c o r r e l a t i o n s ,  BOD = 0.8 COD). 

A f i v e  l i t e r  a e r o b i c  r e a c t o r  w a s  u t i l i z e d  and r e a c t o r  c o n t e n t s  w e r e  
maintained a t  room tempera tu re .  I n  o r d e r  t o  s i m u l a t e  f i e l d  c o n d i t i o n s ,  
t h e  t o t a l  d a i l y  f e e d  volume ( i . e . ,  200 mR) w a s  f e d  t o  t h e  r e a c t o r  i n  
f o u r  e q u a l  doses  of 50 m i  e ach  o v e r  an  e i g h t  hour p e r i o d .  No  f e e d  
w a s  made t o  t h e  system f o r  t h e  o t h e r  s i x t e e n  hour s  p e r  day o r  o v e r  
t h e  weekend. The system was o p e r a t e d  u t i l i z i n g  a c t u a l  r a w  p l a n t  
waste (Note: Concentrated wastes were c o l l e c t e d  i n  t h e  f i e l d  and d i -  
l u t e d  i n  t h e  l a b o r a t o r y ) .  The r e s u l t a n t  h y d r a u l i c  r e t e n t i o n  t i m e  
was approximately 25 days and n u t r i e n t  n i t r o g e n  w a s  added t o  t h e  system 
t o  m a i n t a i n  a BOD: N r a t i o  of 20:l. 

Phase I1 of t h e  t r e a t a b i l i t y  s t u d i e s  wr[s. designed t o  s i m u l a t e  l o n g  
term shock l o a d i n g  c o n d i t i o n s .  A f t e r  o p e r a t i n g  t h e  Phase I system 
f o r  approximately one month, t h e  l o a d i n g  w a s  t h e n  i n c r e a s e d  t o  a 
t o t a l  of 500 mR p e r  day. 
The ave rage  F/il r a t i o  du r ing  t h i s  p e r i o d  w a s  0 .31 and t h e  h y d r a u l i c  
r e t e n t i o n  t i m e  w a s  reduced t o  1 0  days.  

A l l  o t h e r  Phase I c o n d i t i o n s  w e r e  ma in ta ined .  

Phase I11 of t h e  t r e a t a b i l i t y  s t u d i e s  w a s  designed t o  de t e rmine  t h e  
e f f e c t s  of low t empera tu re  on t h e  Phase I system. Phase I11 was 
implemented by r e v e r t i n g  from t h e  Phase I1 t o  Phase I l o a d i n g  condi- 
t i o n s ,  e q u i l i b r a t i n g  and t h e n  p u t t i n g  t h e  r e a c t o r  i n t o  a r e f r i g e r a t o r  
maintained a t  2 -4 C. The r e s u l t s  of a l l  t h e  f o r e g o i n g  are p r e s e n t e d  
in t h e  fo l lowing  s e c t i o n s .  

0 0  

Phase I R e s u l t s  

Phase I o p e r a t i n g  r e s u l t s  a re  p r e s e n t e d  i n  Table  5. Over t h e  p e r i o d  
of 6 May through 9 June ,  a n  ave rage  mixed l i q u o r  v o l a t i l e  suspended 
s o l i d s  (MLVSS) of 2,290 mg/R w a s  maintained i n  t h e  r e a c t o r .  With a n  
i n f l u e n t  COD ave rag ing  a t  approximately 5,050 mg/R ( i . e . ,  BOD a v e r -  
a g i n g  a t  4,050 mg/R) ove r  t h i s  same p e r i o d ,  t h e  food-to-microorganism 
(F/X) r a t i o  i n  t h e  system was: 

4050 mg/R x 0.2R E o.07 = -  F #COD 
M #PILVSS 2290 mg/R x 5R 
- i c  

COD removals throughout  t h i s  p e r i o d  ranged from a low of 93.0 p e r c e n t  
t o  a h igh  of 97.7 p e r c e n t  w i t h  an ave rage  of 95.8 p e r c e n t .  Good 
s e t t l i n g  of t h e  r e s u l t a n t  s l u d g e  w a s  r e p o r t e d  once t h e  system reached  
e q u i l i b r i u m  ( s t a r t i n g  21  Flay) y i e l d i n g  a n  ave rage  Sludge Volume Index 
(SVI) of approximately 160. 

Another impor t an t  r e s u l t  of t h e  s t u d y  can be seen  by i n s p e c t i n g  COD 
removal e f f i c i e n c y  data over  weekend p e r i o d s .  
i n d i c a t e  t h a t  i n s i g n i f i c a n t  changes i n  the  system e f f i c i e n c y  r e s u l t e d  
ove r  the weekend p e r i o d s  i n  s p i t e  of t h e  f a c t  t h a t  - no waste was f e d  
t o  t h e  system over  t h e  weckcnd i n  a n  a t t e m p t  t o  s i i nu la t e  a c t u a l  f i e l d  
c o n d i t i o n s  

The d a t a  i n  Table  5 
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TABLE 5 

ICE CREXl  PBOCESS1::C IJASTEWATER 

EXTEXDED ADATION TBE4TXBILITY STWY RESULTS (F/H - 0.07; 68O F)' 

SETTLE- TSS VSS 1NFLUEI.T EFFLUEIIT % 
)ATE plI ABILITY mg/k mg/& COD COD COD 

mC1.t  m d  It & %  R E  IOVAL 

5-6 
5-7 

5-8 

5-9 

5-10 

5-1 I 
5-12 

5-13 
5-14 

5-15 

5-16 

5-i7 

5-18 

5-19 

5-20 

5-2 I 
5-22 

5-23 

5-24 

5-25 

5-26 

5-27 

5-28 

5-29 

5-30 

5-31 

6- I 
6-2 

6-3 

6-4 

6-5 

6- 6 

6-7 

6-8 

6-9 
AVC. 

6. I 
6.0 - 
- 

5.35 

5.6 

5.25 

5.2 

5.2 
- 
- 

5. I 
5.0 

4.9 

4.8 

4.7 
- 
- 

4.6 

4.6 

4.3 

4.6 

4.5 
- 
- 

4.5 

4.9 

4.6 

4.55 

4.75 
- 
- 

4.2 

4.3 

4.3 
- 

980 

980 
- 
- 
980 

980 

985 
980 

980 - 
- 
970 

970 

920 

920 

380 
- 
- 
520 

760 

400 

350 

320 
- 
- 
300 

300 

290 

250 

230 
- 
- 
240 

230 

220 

34 2 
- 

4880 

4380 
- 
- 

4267 

4300 

4400 

4200 

3700 
- 
- 

3200 

3150 

3050 

2860 

2750 
- 

2580 

2430 

2530 

2420 

2150 - 
- 

I900 

2070 

2150 

I980 

1718 
- 
- 

2010 

I970 

I750 

2762 
- 

4100 

3700 - 
- 

3633 

3640 

3600 

3550 

3200 
- 
- 

2600 

2900 

2550 

2400 

2220 
- 
- 

2100 

2020 

2030 

860 

780 
- 
- 
700 

650 

820 

720 

I80 

- 
- 
490 

I625 

I420 

2290 
- 

- 
- 
- - 

5390 

5200 

4960 

4930 

4900 
- 

5096 

5350 

5400 

4940 

5300 

5280 
- 
- 

5352 

5450 

4840 

5340 

5300 
- 
- 

5150 

5060 

4940 

5080 

5340 

- 
- 

3240 

4500 

4980 

5054 
- 

- 
- 
- 

167 

I44 

31 0 

I88 

330 - 
333 

31 0 

31 2 

384 

368 

220 
- 
- 

I92 

I90 

I20 

I76 

I60 
- 
- 

I20 

I40 

I92 

I76 

I40 

- 
- 
I40 

I50 

I50 

212 
- 

- 
- - 

' -  

96.9 

97.2 

93.7 

96.2 

93.2 - 
93.4 

94.2 

94.2 

92.2 

93.0 

95.8 - 
- 

96.4 

96.5 

97.5 

96.7 

97.0 
- 
- 

97.7 

97.2 

96. I 
96.5 

97.4 

- 
- 

95.7 

96.6 

97.0 

95.8 
- 
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Phase I1 R e s u l t s  

The results of  t h e  Phase I1 ( i .e . ,  shock l o a d i n g  c o n d i t i o n )  o p e r a t i o n s  
a re  p resen ted  i n  Table 6. Except f o r  t h e  f i r s t  day of o p e r a t i o n  
wherein t h e  COLI removal e f f i c i e n c y  dropped t o  88.0 p e r c e n t  from 97.0 
pe rcen t  on t h e  p rev ious  day,  no a d v e r s e  e f f e c t s  on sys tem o p e r a t i o n  
were noted .  For t h e  two-week p e r i o d  fo l lowing  t h e  f i r s t  i n c r e a s e  i n  
l o a d i n g ,  t h e  system COD removal e f f i c i e n c y  ranged from a low of  91.4 
pe rcen t  t o  a h igh  of  95.6 p e r c e n t ,  w i t h  a n  ave rage  of 94.0 p e r c e n t .  
System o p e r a t i n g  parameters  w e r e  as fo l lows :  

Average NLVSS 1038 mg/L 

Average I n f l u e n t  COD = 4072 mg/L 

Average I n f l u e n t  BOD = 3250 mg/k 

F Average - M 
- 3250 mg/ i  x 0 .51  = o.31 - 

1038 ng/k  x 5 . 0 1  

The s ludge  s e t t l e a b i l i t y  w a s  found t o  b e  v e r y  good w i t h  an ave rage  SVI  
of 63. Again, no a d v e r s e  e f f e c t s  were no ted  as a r e s u l t  of " s t a rv ing"  
t h e  system over  t h e  weekend. 

PhaFe I11 R e s u l t s  

The r e s u l t s  of t h e  Phase 111 (i.e.,  c h i l l e d  c o n d i t i o n s )  t r e a t a b i l i t y  
program are p resen ted  i n  Table  7 .  I n s p e c t i o n  of t h e  d a t a  i n  Table  7 
i n d i c a t e s  t h a t  t h e  COD removal e f f i c i e n c y  ranged from a low o f  88.9 
p e r c e n t  t o  a h i g h  of 35.6 p e r c e n t  and averaged a t  93.0 p e r c e n t .  Sludge 
s e t t l e a b i l . i t y  was a g a i n  found t o  be v e r y  good w i t h  a r e s u l t a n t  SVI of  
72. Weekend ' ' s t a rv ing"  of t h e  system produced no a d v e r s e  e f f e c t s .  The 
system was i i iaintained a t  an  ave rage  F/TI r a t i o  of approximate ly  0.14. 

The c h i l l i n g  s tudy  r e s u l t s  were compared w i t h  t h e  work of  C la rk ,  e t  
a1(2). 
l e c t e d  d a t a  f o r  a c r a t c d  lagoon o p e r a t i o n  performance w i t h i n  t h e  
tempera ture  range  of 0 C t o  10' C . . . the  cu rves  [ i n  F i g u r e  6 1  demon- 
s t ra te  t h a t  t h e r e  i s  a h igh  p r o b a b i l i t y  f o r  o b t a i n i n g  BOD removal 
e f f i c i e n c i e s  g r e a t e r  t han  80 p e r c e n t  a t  d e t e n t i o n s  less than  15 days  
w i t h  lagoons  o p e r a t i n g  a t  t empera tu res  less than  5 C . "  The r e s u l t s  
of t h e  Phase I11 program compare f a v o r a b l y  w i t h  t h e  d a t a / c o n c l u s i o n s  
r e p o r t e d  by Clark.  

C la rk  concluded t h a t  , ' I . .  . s e v e r a l  i n v e s t i g a t i o n s  have co l -  

0 

0 

CONCLUSIONS 

The  most s i g n i f i c a n t  conc lus ions  t h a t  can  be drawn from t h e  fo rego ing  
a re  as fo l lows :  

Ice cream wastewater c h a r a c t e r i s t i c s  a r e  c h i e f l y  a f u n c t i o n  of 
t h e  type and nuxbcr of c leanup o p e r a t i o n s  performed.  

O p p o r t u n i t i e s  do c s i s t  f o r  wastewater  volumc and s t r e n g t h  reduc-  
t i o n  i n  a n  i c c  c r c m  p r o c c ~ s s i n g  plant: .  IIowever, t h c  p o t e n t i a l  
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TAGLE 6 

I C E  CREAII PROCESS IFiG WASTE\J"iT ER 

H I G H  RATE TREATABILITY STUDY RESULTS (F/Pl = 0.31; 68' F) 

SETTLE- IhTLUEhT EFFLUCXT % 
DATE pH ABILITY TSS vss COD COD COD 

( m R / R )  3 l R  m g / R  m g /  m g /  R REMOVAL 

6-10 

6-1 I 

6-12 

6- I 3 

6-14 

6-15 

6-16 

6-17 

6-18 

6-19 

6-20 

6-2 I 
6-22 

6-23 

6-24 

AVG . 

4.6 

5. I 
- 
- 

5.2 
- 

6.0 
- 

6. I 
- 
- 
- 

5.0 

5.0 

5.75 

- 

I55  

150 
- 
- 
80 

70 

70 

80 

70 
- 
- 
64 

70 

70 

65 

86 

- 

I925 

I680 
- 
- 

I220 

I550 

I400 

1200 

I130 
- 
- 

I430 

IO00 

I 100 

I350 

1362 

I075 

I500 
- 
- 

I020 

I075 

I200 

1025 

900 
- 
- 

I I80 

600 

900 

950 

I038 

-- 

5920 

4960 
- 
- 

4720 

4080 

4000 

3360 

3240 
- 
- 

3600 

3160 

3320 

4120 

4072 

712 

220 
- 
- 

214 

I96  

I80  

I 6 0  

236 
- 
- 

I 9 2  

I48  

I70  

352 

244 

- 

88.0 

95.6 
- 

95.5 

95.2 

95.5 

95.2 

92.7 
- 
- 

94.7 

95.3 

94.9 

91.4 

94.0 
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TABLE 7 

IC E C I: Li: i Pk3 C C S S I::G 1 .'f i S T TlLqT CR -.- --_- 

"WI: TER" OPCEiATIXG RilSULTS FOG LCl'EiDCD A1:;lt'lTION (F/X = 0 .14 ;  Z0C - 4OC) 

h T E  TGIP('C) pH ABILITY TSS VSS COD COD REMOVAL 
SLTTLC- ~ E ' L U E F I T  LFFLUEN~F-~TET~ 

m 2 / R  m g l R  m g / R  _ _  mg/ R 

7-7 

7-8 

7-9 

7-10 

7-1 I 

7-12 

7-1 3 

7-14 

7-15 

7-16 

7-17 

7-18 

7-19 

7-20 

7-2 I 

7-22 

7-23 

7-24 

7-25 

7-26 

7-27 

7.5 50 - 
60 I010 

- 1215 

- 
713 

IO00 
- 

2740 

3100 

2760 

212 

320 

308 

92.3 

89.7 

88.9 

- - 
60 - 1020 

- I030 

- I I15  

90 I230 

80 I280 
- - 

- 
216 

210 

204 

I80  

I80  

92.5 

93.7 

93.7 

94.4 

93.3 
- 

2 2880 

3340 

3260 

3230 

2680 
- 

- 
715 

800 

I030 

I040 
- 

3 

2 

4 

4 

- 
I 5 0  

428 

248 

332 

384 

85 I285 

70 900 

80 91 0 

70 766 

90 900 

2960 

5580 

5680 

5120 

4768 
- 

94.9 

92.3 

95.6 

93.5 

91.9 

6. I 

6. I 

5.8 

5.6 

5.4 

865 

780 

806 

61 3 

860 

- 930 900 

1013 

5472 

5810 

338 93.8 

2 96 - 5.6 - 94.9 IO0 I133 - 
AVG . - - 76 1051 856 3958 277 93.0 I 
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f o r  a c c i d e n t a l  r a w / f i n i s h e d  product  s p i l l s  shou ld  n o t  b e  under- 
e s t i m a t e d .  

O v e r a l l  wastewater c h a r a c t e r i s t i c s  i n  a n  ice cream p l a n t  a re  
h i g h l y  v a r i a b l e  because of day-to-day changeovers i n  types  
and q u a n t i t i e s  of i c e  cream produced. 

COD removal e f f i c i e n c i e s  of 94-96 p e r c e n t  c a n  b e  ach ieved  i n  
a e r o b i c  b i o l o g i c a l  t r ea tmen t  u n i t s  hand l ing  ice  cream w a s t e -  
waters a t  F/N r a t i o s  i n  t h e  r ange  of 0.07 t o  0.31. 

No s i g n i f i c a n t  change i n  system o p e r a t i n g  e f f i c i e n c y  r e s u l t e d  
when a p i l o t  extended a e r a t i o n  p l a n t  ( o p e r a t i n g  a n  i ce  cream 
wastewater2 w a s  o p e r a t e d  a t  room (20 
co ld  (2O-4  C) t empera tu res .  

0 C)  and subsequen t ly  under 
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