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ABSTRACT 

The bee t  sugar  i n d u s t r y  i n  the United States produces annual ly  more 
than  3 m i l l i o n  tons  of sugar  from about  25 m i l l i o n  tons  of b e e t s  
grown i n  19 states.  This paper  r e p o r t s  t h e  waste d i s p o s a l  p r a c t i c e s  
of t h e  58 b e e t  sugar  f a c t o r i e s  ope ra t ing  i n  1968-69 and provides  an 
estimate of the amount of p o l l u t i o n  of streams a t t r i b u t a b l e  t o  t h e s e  
f a c t o r i e s .  It i s  shown t h a t ,  a l though stream p o l l u t i o n  has  been 
g r e a t l y  reduced, t h e  b e e t  i n d u s t r y  s t i l l  d ischarges  t o  streams 3.15 
pounds BOD per  ton of b e e t s  s l i c e d  o r  a t o t a l  of about  79 m i l l i o n  
pounds annual ly .  Amounts of water used are repor t ed  and methods of 
re-use of water descr ibed .  E s t i m a t e s  of t o t a l  s e t t l e a b l e  s o l i d s  are 
made; methods of e l imina t ion  are descr ibed .  E f fec t iveness  of some 
b i o l o g i c a l  t rea tments  are  es t imated .  Needed r e sea rch  is  b r i e f l y  out- 
l i n e d .  
c o s t s  are shown f o r  many of t h e  p l a n t s .  A b r i e f  d e s c r i p t i o n  of t h e  
b e e t  sugar  process  i s  fu rn i shed .  Current  p r a c t i c e s  employed by a 
sele 'c ted group of sugarbee t  p rocess ing  p l a n t s  i n  s e v e r a l  Western 
European coun t r i e s  are  a l s o  descr ibed .  

Costs of waste d i s p o s a l  f a c i l i t i e s  and annual  ope ra t ing  

This r e p o r t  w a s  submit ted i n  f u l f i l l m e n t  of Grant #12060 DSI  under 
t h e  sponsorship of t h e  Water Qual i ty  Of f i ce ,  Environmental P r o t e c t i o n  
Agency. 

Key words: Sugarbeet waste t r ea tmen t ,  s t a t e - o f - a r t ,  BOD d ischarge ,  
water consumption, water re-use,  t rea tment  c o s t s .  
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SECTION I 

CONCLUSIONS 

The s u c c e s s f u l  product ion  of suga r  from suga rbee t s  d a t e s  from about  
187U. Many of t h e  o r i g i n a l  f a c t o r i e s  w e r e  cons t ruc t ed  a t  s i tes  
n e a r  s m a l l  a g r i c u l t u r a l  communities. The growth of t h e s e  comm- 
u n i t i e s  has  r e q u i r e d  t h e  i n s t a l l a t i o n  of  waste t r ea tmen t ,  and/or  
w a t e r  conserving systems t o  remain a welcome p a r t n e r  of each area's 
economic s t r u c t u r e .  The ear ly-day d i scha rge  t o  r e c e i v i n g  waters 
of between 30 t o  40 pounds of BOD pe r  t on  of b e e t s  processed has  
been reduced t o  an  average  of 3.13 pounds i n  1968. Greatest ad- 
vancements have taken  p l a c e  i n  t h e  l a s t  10 y e a r s ;  a number of fac- 
t o r i e s  now r e c y c l e  much of t h e  p rocess  waters. Some f a c t o r i e s  
do n o t  d i scha rge  BOD-containing water. 

The technology p r e s e n t l y  known on t h e  t r ea tmen t  and handl ing  of 
suga rbee t  process  wastes does n o t  provide  a s i n g l e  scheme t h a t  i s  
a p p l i c a b l e  t o  each and a l l  geographica l  areas. It has been noted  
t h a t  each t a c t o r y  is  undergoing cons t an t  improvement by p e r i o d i c  
a d d i t i o n s  t o  e x i s t i n g  f a c i l i t i e s .  The need t o  reduce o r  e l i m i n a t e  
t h e  d i scha rge  of process  waters from t h e  f a c t o r y  premises  i s  re- 
cognized by t h e  i n d u s t r y  and w i l l  b e  accomplished as technology 
and t i m e  permi t .  The p rogres s ive  development of  l o c a l  and n a t i o n a l  
water q u a l i t y  s t anda rds  w i l l  i n f l u e n c e  p r i o r i t y  schedules  f o r  t h e  
upgrading of t rea tment  systems.  
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SECTION I1 

RECOMMENDATIONS 

Under the s t r u c t u r e  of the Fede ra l  Sugar Act,  the p r i c e  of suga r  
t o  consumers i s  c o n t r o l l e d  through t h e  powers v e s t e d  i n  the Secre- 
t a r y  of Agr i cu l tu re .  P e r i o d i c a l l y  each y e a r  he amends the t o t a l  
n a t i o n a l  consumption requirements .  S a l e s  quotas t o  domestic pro- 
ducers  are a d j u s t e d  accordingly.  
of product  i s  c o n t r o l l e d ,  precludes the p o t e n t i a l  of t r a n s l a t i n g  
waste t reatment  c o s t s  t o  the end product  p r i c e .  This f a c t  modif ies  
t h e  recommendation of some t y p i c a l  waste t r ea tmen t  systems. It 
has  been demonstrated,  however , t h a t  b e e t  wastes are g e n e r a l l y  
amenable t o  presently-known t r ea tmen t  p r a c t i c e s .  It would appear 
t h a t  a p p r o p r i a t e  t r ea tmen t  techniques t o  each s e p a r a t e  stream o f f e r s  
cons ide rab le  .promise f o r  the f u t u r e .  Otherwise, s u r g e  o r  mixing 
lagoons t o  produce a more uniform waste would provide a waste that 
can b e  d i g e s t e d  by either a e r o b i c  o r  anaerobic  organisms. Due t o  
odor problems a s s o c i a t e d  w i t h  anaerobic  d i g e s t i o n ,  a e r o b i c  approaches 
should b e  given p r e f e r a b l e  a t t e n t i o n .  The handl ing and t r ea tmen t  
of waste l i m e  mud and p r e c i p i t a t e d  flume water s o l i d s  need addi- 
t i o n a l  research e f f o r t s .  The l and  a v a i l a b l e  f o r  d i s c a r d  of these 
wastes becomes less and less. The by-product u se  of these s o l i d s  
should b e  explored. 

This unique method whereby p r i c e  

3 





SECTION I11 

INTRODUCTION 

Under t h e  t e r m s  of an agreement w i t h  t h e  Fede ra l  Water Qua l i ty  
Admin i s t r a t ion ,  t h i s  r e p o r t  p r e s e n t s  d a t a  r e l a t i n g  t o  t h e  domestic 
and f o r e i g n  waste t r ea tmen t  technology i n  t h e  suga rbee t  p rocess ing  
i n d u s t r y  and o u t l i n e s  areas r e q u i r i n g  f u r t h e r  development. This  
r e p o r t  i nc ludes :  
( a )  p r o j e c t i o n s  of t h e  p o t e n t i a l  growth of t h e  domestic i n d u s t r y  
and i t s  water p o l l u t i o n  problems over t h e  nex t  t e n  y e a r s ;  
d e t a i l s  of p r e s e n t  t r ea tmen t  p r a c t i c e s  inc lud ing  h y d r a u l i c  and o rgan ic  
l o a d s ,  p l a n t  s i z e s ,  removal e f f i c i e n c i e s ,  c o n s t r u c t i o n  and o p e r a t i n g  
c o s t s ;  a d i s c u s s i o n  of p i l o t  p l a n t  work on w a s t e  t reatment;  
and (d) an a n a l y s i s  of t h e  manufacturing p rocess  wi th  a view toward 
f u r t h e r  i n -p l an t  t r ea tmen t ,  by-product recovery and water re-use.  

(b) 

(c )  

The r e p o r t i n g  o t  d a t a  on a comparable b a s i s  has  been complicated 
by t h e  d i v e r s i t y  of cond i t ions  under which t h e  58 suga rbee t  pro- 
c e s s i n g  p l a n t s  ope ra t e .  Sugar-processing p l a n t s  are l o c a t e d  from t h e  
n e a r - t r o p i c a l  areas of sou the rn  C a l i f o r n i a  and Arizona t o  t h e  
f r i g i d  areas of Montana, Minnesota and North Dakota; from t h e  a r i d  
o r  semi-arid r eg ions  of t h e  w e s t  t o  t h e  areas of more abundant 
r a i n f a l l  i n  t h e  east. 

Of t h e  10 m i l l i o n  tons  of suga r  consumed dur ing  1968 i n  t h e  United 
S t a t e s ,  more than  t h r e e  m i l l i o n  tons  were produced from suga rbee t s .  
The remainder w a s  produced from mainland cane o r  supp l i ed  from 
imported cane r a w s .  

5 





SECTION I V  

MANUFACTURING PROCESS 

The s l i c i n g  c a p a c i t y  of t h e  f a c t o r i e s  shown i n  Table 1 ranges from 
a low of 1,275 t o  a h igh  of 7,000 t o n s  pe r  day, averaging about 
3,250 tons  each. Of t h e s e  f a c t o r i e s ,  21 a l s o  recover  sugar  from 
molasses by t h e  S t e f f e n  p rocess  and one uses  a n  ion-exchange process .  
One company produces suga r  from d i s c a r d  b e e t  molasses by a barium 
p rocess  i n  a s e p a r a t e  p l a n t  and r ecove r s  monosodium glutamate from 
S t e f f e n  and barium s a c c h a r a t e  f i l t r a t e s  i n  s t i l l  ano the r  p l a n t .  
A l l  f a c t o r i e s  i n  t h i s  country and abroad u s e  b a s i c a l l y  t h e  same pro- 
cesses. Di f f e rences  i n  f r e s h  w a t e r  u se  and re-use and i n  waste loads  
r e s u l t  from d i f f e r e n c e s  i n  o p e r a t i n g  p r a c t i c e s  and, t o  a minor 
degree,  from d i f f e r e n c e s  i n  equipment. F a c i l i t i e s  f o r  hand l ing  
wastes vary markedly from p l a n t  t o  p l a n t .  It w i l l  be noted t h a t  t h e  
q u a n t i t y  of f r e s h  water taken i n t o  p l a n t s  i n  d i f f e r e n t  areas v a r i e s  
g r e a t l y .  The t o t a l  water,  i n c l u d i n g  re-used water, varies much less. 
Most of t h e  water used i n  a suga rbee t  p rocess ing  p l a n t  i s  used f o r  
condensing vapors  from evapora to r s  and pans and f o r  conveying and 
washing b e e t s .  These u s e s  do n o t  r e q u i r e  water of h igh  p u r i t y ,  
hence cons ide rab le  r e c i r c u l a t i o n  i s  p o s s i b l e .  D i f f e rences  i n  f r e s h  
water u s e  and i n  r e c i r c u l a t i o n  p r a c t i c e s  a f f e c t  t h e  q u a n t i t y  of 
wastes discharged from t h e  p l a n t .  

Table 1. P resen t  and P r o j e c t e d  P rocess ing  Capacity of Beet-sugar 
F a c t o r i e s  by States. 

Rated Capacity Actual  Capacity P r o j e c t e d  
Number of (1968) (1968) Capacity 

S t a t e  F a c t o r i e s  Tons beet /day Tons beet /day Within 10 yrs. 
C a l i f o r n i a  10 39 , 800 37,825 40 , 000 
Colorado 10 25,400 26,500 29 , 300 
Michigan 5 10 , 900 10 , 324 11,800 
Idaho 4 20 , 000 20,169 24 , 950 
Minnesota .4  12,800 11,830 14 , 750 

Montana 3 8,720 8 , 450 11,450 
Ohio 3 5 , 000 5,130 5,130 
Utah 3 6 , 350 5,972 6,350 
Wyoming 3 7 , 200 6,817 7,550 
Washington 2 10 , 525 10,250 13 , 800 
Arizona 1 4 , 200 4,200 4 , 200 
Iowa 1 2,400 1,881 2,400 
Kansas 1 3 , 200 2,605 3 , 600 
Maine 1 4,000 4,000 4,000 
North Dakota 1 5,000 3,915 5 , 000 
Oregon 1 6,650 6,600 7,200 

N eb ras  ka 4 9,510 9 , 974 10,000 

Texas 1 6i500 61500 6,500 
T o t a l s  58 188,155 182 , 942 207 , 980 
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A knowledge of t h e  sugar  product ion  process  i s  e s s e n t i a l  t o  a n  
understanding of t h e  waste d i s p o s a l  problem. A b r i e f  d e s c r i p t i o n  
of t h e - p r o c e s s  is  provided i n  s u f t i c i e n t  d e t a i l  t o  show t h e  app- 
roximate q u a n t i t i e s  of ope ra t ing  materials and s u p p l i e s ,  t h e  y i e l d s  
of s a l a b l e  products  and t h e  magnitude of wastes d ischarged .  

The sugar  company e x e r c i s e s  cons ide rab le  c o n t r o l  of t he  suga rbee t s  
long  b e f o r e  they  are de l ive red  t o  t h e  f a c t o r y .  It o b t a i n s  acreage  
al lotments1,  develops o r  selects seed  b e s t  s u i t e d  t o  the  area, makes 
c o n t r a c t s  w i t h  growers f o r  t h e  proper  growing, h a r v e s t i n g ,  and de l ive ry  
of t h e  b e e t s  t o  t h e  f a c t o r y  o r  t o  t h e  r e c e i v i n g  s t a t i o n s .  It de- 
termines when t h e  h a r v e s t  w i l l  commence and, u s u a l l y ,  t h e  rate of 
harves t - - the  l a t t e r  be ing  determined i n  some i n s t a n c e s  by t h e  rec-  
e i v i n g  equipment a v a i l a b l e  and i n  o t h e r s ,  where s t o r a g e  of b e e t s  
i n  p i l e s  i s  i m p r a c t i c a l ,  by the s l i c i n g  c a p a c i t y  of t h e  p l a n t .  
Beets i n  t h e  n o r t h e r n  i n t e r i o r  s e c t i o n s  of t h e  United S t a t e s  are  
processed i n  t h e  f a l l  from l a t e  September o r  e a r l y  October t o  
January o r  even la te r .  I n  t h e s e  areas b e e t s  are s t o r e d  i n  l a r g e  
p i l e s .  Harvest ing must b e  completed b e f o r e  f r e e z i n g  weather se ts  
i n .  The h a r v e s t  i n  t h e s e  areas is  u s u a l l y  completed e a r l y  i n  
November, a l though some b e e t s  may n o t  b e  dug u n t i l  cons iderably  l a te r .  
The process ing  per iod  is cons iderably  longer  than t h e  pe r iod  of 
h a r v e s t ,  hence b e e t s  must b e  kept  i n  open s t o r a g e  f o r  per iods  ranging 
from 20 t o  40 o r  more days dur ing  which t i m e  cons ide rab le  d e t e r i o r -  
a t i o n  occurs .  

I n  C a l i f o r n i a  and o t h e r  areas where w a r m e r  w in te r  temperatures  
p r e v a i l ,  s t o r a g e  of b e e t s  i n  p i l e s  i s  n o t  f e a s i b l e .  The h a r v e s t  is 
c a r e f u l l y  r egu la t ed  i n  t h e s e  r eg ions  so  t h a t  b e e t s  may b e  processed 
soon a f t e r  removal from t h e  f i e l d .  I n  some of t h e s e  areas t h e  har-  
v e s t i n g  may b e  i n t e r r u p t e d  by win te r  r a i n s .  The p l a n t s  are c losed  
u n t i l  t h e  r a i n y  season  ends and h a r v e s t i n g  can begin aga in .  

Loss  of sugar  from b e e t s  i n  s t o r a g e  i s  s e r i o u s  even under t h e  b e s t  
of cond i t ions ;  t h e r e f o r e ,  g r e a t  e f f o r t  is  made t o  reduce t h e  t i m e  
i n  s t o r a g e  by main ta in ing  maximum s l i c i n g  rates i n  t h e  f a c t o r i e s  
even a t  some sacr i t ice  i n  e x t r a c t i o n  e f f i c i e n c y .  

Beets are  de l ive red  t o  t h e  f a c t o r y  by t rucks  o r  r a i l r o a d  cars and 
s t o r e d  i n  l a r g e  p i l e s  o r  dumped d i r e c t l y  i n t o  flumes f o r  t r a n s p o r t  
i n t o  t h e  process ing  p l a n t .  The flumes are steel o r  concre te - l ined  
channels  through which b e e t s  are  conveyed by a continuous stream 
of water. 

k c r e a g e  a l lo tmen t s  are  imposed upon growers by t h e  Federa l  Government 
t o r  c e r t a i n  yea r s  when over-production is  t o  be  avoided. Thus, even- 
t u a l  market ing of suga r  from suga rbee t s  meets t h e  l i m i t s  e s t a b l i s h e d  
by t h e  terms o t  t h e  Sugar A c t .  
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Water t o r  the flumes is supp l i ed  from t h e  main f r e s h  water tank  o r  
from t h e  eyapora tor  and pan barometr ic  condenser s ea l  tanks .  The 
flumes are  provided w i t h  rock c a t c h e r s  which t r a p  and remove s t o n e s  
and o t h e r  heavy f o r e i g n  material from t h e  flow of b e e t s .  
ca t che r s  remove l i g h t  material inc lud ing  weeds and l o o s e  b e e t  t ops .  
The b e e t s  are l i f t e d  from t h e  flume t o  a b e e t  washer by a b e e t  w h e e l .  
They are discharged from t h e  washer t o  a r o l l e r  conveyor where a 
f i n a l  washing i s  given by means of sprays  of c l ean  water under h igh  
p res su re .  The washed b e e t s  are e l eva ted  t o  the  s l i c e r  s t a t i o n  where 
they are  s l i c e d  i n t o  t h i n  s t r i p s  c a l l e d  c o s s e t t e s  and f e d  i n t o  a 
cont inuous d i f f u s e r .  A mechanism i s  u s u a l l y  i n s t a l l e d  i n  a s e c t i o n  
of t h e  b e l t  t e ed ing  t h e  d i f f u s e r  t o  weigh t h e  b e e t s  e n t e r i n g  t h e  
process .  Washings from t h e  b e e t  washer and sp rays  are discharged 
i n t o  t h e  flume. A s  w i l l  b e  noted l a te r ,  t h i s  flume water cons t i -  
t u t e s  t h e  l a r g e s t  volume of waste and, because o t  i t s  volume and h igh  
con ten t  of suspended and d i s so lved  s o l i d s ,  becomes one of t h e  most 
d i f i i c u i t  t o  handle .  

Trash 

The d i f f u s e r  i s  t h e  f i r s t  s t e p  i n  t h e  b e e t  sugar  process .  It 
e x t r a c t s  sugar  and o t h e r  s o l u b l e  s o l i d s  from t h e  c o s s e t t e s  under a 
coun te rcu r ren t  f low of water. The l i q u o r  con ta in ing  t h e  sugar  and 
o t h e r  s o l u b l e  so l id s - - ca l l ed  " r a w  juice"-- is drawn o f f  t h e  d i f f u s e r  
and pumped t o  t h e  p u r i f i c a t i o n  s t a t i o n s .  

The exhausted c o s s e t t e s  a re  u s u a l l y  conveyed t o  pulp p r e s s e s  which 
reduce t h e  w a t e r  con ten t  of t h e  pulp t o  about  80 percent  b e f o r e  t h e  
c o s s e t t e s  are f e d  i n t o  a puJp d r i e r .  T h e  pu lp  p r e s s  water i s  u s u a l l y  
r e tu rned  t o  t h e  d i f f u s e r  as p a r t  of t h e  d i f f u s e r  supply.  A very  few 
p l a n t s  do n o t  dry  t h e  pulp.  The w e t  pu lp  i n  t h e s e  cases  is pumped 
over a s c r e e n  t o  s e p a r a t e  t h e  pulp from t h e  t r a n s p o r t  water. The 
pulp i s  then  discharged t o  a s i l o .  Drainage from t h e  w e t  pulp s i l o  
c o n s t i t u t e s  one o t  t h e  main sources  of BOD i n  t h e  p l a n t  e f f l u e n t .  
A p a r t i c u l a r l y  ob jec t ionab le  f e a t u r e  of t he  pulp s i l o  i s  t h e  prolonged 
pe r iod  of dra inage ,  o f t e n  cont inuing  f o r  months a f t e r  completion of 
t h e  b e e t  process ing  campaign. 

The j u i c e  trom t h e  d i f f u s e r  con ta in ing  most of t h e  sugar  from t h e  
b e e t s ,  as w e l l  as s o l u b l e  and c o l l o i d a l  i m p u r i t i e s ,  i s  pumped t o  t h e  
f i r s t  carbonat ion  s t a t i o n .  L i m e  i n  t h e  form of a s l u r r y  of calcium 
hydroxide o r  calcium saccha ra t e  (from t h e  S t e f f e n  process)  is  added 
and t h e  mixture  i s  gassed w i t h  carbon d ioxide  from t h e  l i m e  k i l n  t o  
p r e c i p i t a t e  t h e  l i m e .  The calcium carbonate  thus  formed c a r r i e s  w i th  
i t  suspended i m p u r i t i e s  i n  t h e  j u i c e .  The l i m e  p r e c i p i t a t e  is  
separa ted  from t h e  mixture  by means of t h i ckene r s  and f i l t e r s ,  and 
then  i s  pumped t o  a waste pond. The t h i n  j u i c e ,  a f t e r  f u r t h e r  treat- 
ment wi th  C02, f i l t r a t i o n  and t rea tment  w i t h  s u l f u r  d ioxide  t o  
reduce t h e  p H  t o  about  8, is concent ra ted  i n  mul r ip l e -e f f ec t  evap- 
o r a t o r s  t o  a t h i c k  (65 percent  s o l i d s )  j u i c e  and then  b o i l e d  i n  a 
s i n g l e - e f f e c t  evapora tor  (pan) t o  c r y s t a l l i z e  sugar .  The sugar  i s  
Separated by c e n t r i f u g a t i o n  from t h e  adher ing  syrup and d r i e d .  The 
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syrup i s  concent ra ted  f u r t h e r  t o  y i e l d  a d d i t i o n a l  c r y s t a l l i n e  sugar  
and f i n a l l y ,  molasses .  

The molasses may b e  s o l d  as such f o r  animal f eed  o r  o t h e r  purposes 
o r  may b e  desugar ized  by t h e  S t e f f e n  process .  I n  t h i s  process  t h e  
molasses i s  d i l u t e d ,  cooled and t r e a t e d  w i t h  powdered quick  l i m e  t o  
p r e c i p i t a t e  t h e  sugar  as a saccha ra t e .  

The calcium saccha ra t e  a f t e r  s e p a r a t i o n  by f i l t r a t i o n  from the solu-  
t i o n  of molasses i m p u r i t i e s  is  pumped t o  f i r s t  carbonat ion .  The 
S t e f f e n  f i l t r a t e  may b e  discharged as a w a s t e  o r ,  a f t e r  p r e c i p i -  
t a t i o n  and removal of calcium carbonate ,  evaporated t o  a t h i c k  
l i q u o r  c a l l e d  concent ra ted  S t e f f e n  f i l t r a t e  and d r i e d  on b e e t  pulp 
o r  used as a source  f o r  s a l a b l e  by-products--monosodium glutamate,  
po tash  f e r t i l i z e r  salts  and animal f eed .  

The r a w  materials e n t e r i n g  t h e  b e e t  sugar  process  are b e e t s ,  l imes tone ,  
small amounts of s u l f u r ,  f u e l  and water. The products  a r e  r e f i n e d  
suga r ,  d r i e d  b e e t  pulp and molasses (See Table  2 ) .  The l a t t e r ,  as 
i n d i c a t e d  p rev ious ly ,  may be f u r t h e r  processed t o  y i e l d  a d d i t i o n a l  
sugar .  

Table  2 .  
Produced P e r  Ton of Clean Beets Processed.  

The Average Raw Material Requirements and End Products  

L i m e s  t one  , t ons  
Fuel ,  c o a l  o r  gas ,  BTU 
Water, i n t a k e ,  g a l .  
Beet pulp ,  d r y ,  t ons  
Sugar produced, t ons  
Molasses,  t ons  
Waste w a t e r ,  g a l .  

a t  S t e f f e n  F a c t o r i e s  

Molasses worked, tons  
Add i t iona l  l imes tone ,  t ons  
Add i t iona l  suga r  produced, t o n s  
S t e f f e n  f i l t r a t e ,  g a l .  

0.04 
2.5 x lo6  

2200 
0.05 
0.13 
0.05 

2 100 

0.05 
0.02 
0.015 

90 

Wide d i f f e r e n c e s  i n  t h e s e  q u a n t i t i e s  a re  experienced a t  i n d i v i d u a l  
f a c t o r i e s ,  p a r t i c u l a r l y  wi th  regard  t o  f r e s h  water in t ake .  E ight  
f a c t o r i e s  withdraw less than 900 g a l l o n s  pe r  ton  of b e e t s  s l i c e d  
(one, only 215) wh i l e  e i g h t  withdraw 4,000 g a l l o n s  o r  more. 
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Within t h e - l a s t  2 decades,  two important  equipment changes have been 
made i n  United States  b e e t  sugar  f a c t o r i e s  which have a f f e c t e d  water 
usage and q u a n t i t i e s  of wastes. 
uous d i f f u s e r s  and of pu lp  d r i e r s .  Although t h e  f i r s t  cont inuous 
d i f f u s e r  w a s  i n s t a l l e d  more than  30 y e a r s  ago, replacement of t h e  
Roberts ( ce l l - type )  d i f f u s e r  i n  t h e  United S t a t e s  b e e t  sugar  i n d u s t r y  
w a s  no t  completed u n t i l  two yea r s  ago. 
s t a l l e d  i n  an American f a c t o r y  over  50 yea r s  ago; one f a c t o r y  i s  s t i l l  
wi thout  one. 

These are t h e  i n s t a l l a t i o n s  of cont in-  

The f i r s t  pulp d r i e r  w a s  i n -  

The continuous d i f f u s e r  permi ts  f a c t o r i e s  t o  o p e r a t e  wi th  lower d r a f t ,  
i . e . ,  w i t h  lower q u a n t i t i e s  of d i f f u s e r  supply w a t e r .  
r educ t ion  i n  water r equ i r ed  f o r  t h e  d i f f u s i o n  process  i s  accomplished 
by t h e  r e t u r n  of pu lp  p r e s s  water t o  t h e  d i f f u s e r .  With t h e  Roberts 
d i f f u s e r  pulp water and pulp  p r e s s  water were d ischarged  as a waste. 

A f u r t h e r  marked 

The g r e a t e s t  r educ t ion  i n  f r e s h  w a t e r  usage,  however, has  been accom- 
p l i shed  by t h e  r e c i r c u l a t i o n  of flume water and by t h e  re-use,  a f t e r  
cool ing ,  of condenser water. I n c e n t i v e  f o r  t h e s e  changes has  been: 
f i r s t ,  t h e  n e c e s s i t y ,  i n  some areas, f o r  conserving t h e  l i m i t e d  sourc- 
es of f r e s h  water; and second, t h e  advantages of reducing t h e  volume 
of wastes t o  permit  u se  of  smaller ponds and o t h e r  w a s t e  treatment 
f a c i l i t i e s .  
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SECTION V 

WATER USE I N  THE BEET SUGAR FACTORY 

Water i s  used f o r  s i x  p r i n c i p a l  purposes:  ( a )  t r a n s p o r t i n g  (fluming) 
and washing of b e e t s ,  (b) processing,  i . e . ,  e x t r a c t i o n  of sugar  from 
b e e t s ,  (c )  t r a n s p o r t i n g  s o l i d  w a s t e s - - l i m e  cake,  (d) condensing va- 
po r s  from evapora to r s  and pans and cool ing,  (e )  a t  S t e f f e n  f a c t o r i e s ,  
d i l u t i o n  of molasses ,  and ( f )  c l e a n i n g  of equipment and p l a n t .  A 
b r i e f  d e s c r i p t i o n  of each usage fol lows:  

Flume o r  Transport  Water 

Transport  of b e e t s  from p i l e s  o r  cars i n t o  t h e  f a c t o r y  is  i n v a r i a b l y  
accomplished by means of water f lowing i n  a narrow channel (flume) 
which n o t  only provides  g e n t l e  hand l ing  of t h e  f r a g i l e  beets b u t  
removes much adhering s o i l .  Beets are l i f t e d  from t h e  flume t o  a 
washer and then  sub jec t ed  t o  a f i n a l  wash by sp rays .  The combined 
flume, washer and sp ray  water c o n s t i t u t e s  t h e  l a r g e s t  s i n g l e  usage 
of water, ranging from 1,200 t o  4,000 g a l l o n s  p e r  t on  of b e e t s ,  
averaging about 2,340.  This  is  no t  n e c e s s a r i l y  a l l  new water. I n  
most f a c t o r i e s  flume water i s  r e c y c l e d ,  u s u a l l y  a f t e r  s e p a r a t i o n  of 
much of t h e  suspended s o i l .  The flume water carries i n  a d d i t i o n  t o  
suspended matter, d i s so lved  s o l i d s  e x t r a c t e d  from t h e  b e e t s .  The 
amount e x t r a c t e d  depends l a r g e l y  on t h e  cond i t ion  of t h e  b e e t s .  

Water used f o r  fluming i n  many f a c t o r i e s  i s  water drawn from t h e  
barometr ic  condenser seal t anks .  In o t h e r s  f r e s h  water i s  used,  
e i t h e r  a l o n e  o r  as a supplement t o  condenser water. The u s e  of 
w a r m  condenser seal t ank  water f o r  fluming is necessa ry  i n  co ld  
climates t o  thaw f r o z e n  b e e t s .  

Process  Water 

Process  water i s  used t o  e x t r a c t  suga r  from t h e  b e e t .  About 270 
g a l l o n s  of water pe r  ton of b e e t s  i s  used f o r  t h i s  Purpose. Data 
submit ted i n d i c a t e  i n  some i n s t a n c e s ,  cons ide rab ly  more b u t  t h e s e  
probably i n c l u d e  some pulp t r a n s p o r t  water. Nearly a l l  f a c t o r i e s  
r e p o r t  100 percen t  r e c y c l e  of pulp water and pulp p r e s s  water. The 
weight of j u i c e  drawn from t h e  d i f f u s e r  amounts t o  about  125 percen t  
of t h e  weight of b e e t s  e n t e r i n g .  The pressed pulp con ta ins  about 
80 pe rcen t  moisture .  It is e a s i l y  c a l c u l a t e d  t h a t  make-up w a t e r  
t o  t h e  d i f f u s e r  must b e  a t  l eas t  45 percen t  of t h e  weight of b e e t s .  
The t o t a l  d i f f u s e r  supply water c o n s i s t i n g  of make-up and r e c y c l e  
w i l l  t h e r e f o r e  range from about  100 t o  120 percen t  of t h e  e n t e r i n g  
weight of b e e t s ,  o r  e q u i v a l e n t  t o  240 t o  290 g a l l o n s  p e r  t on  of 
b e e t s .  
barometr ic  condenser water, condensed water from t h e  h e a t e r s ,  o r  a 

The make-up w a t e r  may b e  drawn from f r e s h  water s u p p l i e s ,  
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combination of t h e s e  sou rces .  Where condenser waters are cooled and 
re-used-a build-up of d i sso lved  s o l i d s  may r e s u l t ,  r ende r ing  i t s  u s e  
i n  t h e  d i f f u s e r  undes i rab le .  

Two f a c t o r i e s  of t h e  Holly Sugar Corporat ion do n o t  r e c y c l e  pulp  
water and pulp  p r e s s  water. 
Condenser water is  used as t h e  s o l e  source  of d i f f u s e r  supply.  
Pulp water and pulp s i l o  dra inage  con ta in ing  l a r g e  amounts of o rgan ic  
matter are discharged as wastes. The Brawley f a c t o r y  has  a pulp 
d r i e r  b u t  does n o t  r e c y c l e  t h e  pulp  water o r  pulp p r e s s  water back 
t o  t h e  d i f f u s e r .  I n s t e a d ,  t h e s e  waters are discharged t o  waste ponds. 
Both f r e s h  water and condenser w a t e r  are used as d i f f u s e r  supply.  

The Torr ington  f a c t o r y  has no pulp  d r i e r .  

The Union Sugar Company f a c t o r y  a t  B e t t e r a v i a ,  C a l i f o r n i a  a l s o  uses  
f r e s h  o r  condenser water as d i f f u s e r  supply  wi th  no r e c y c l e  of 
pulp p r e s s  water. 

L i m e  Mud 

The p r e c i p i t a t e  of calcium carbonate  con ta in ing  r a w  j u i c e  i m p u r i t i e s  
i s  removed by a r o t a r y  vacuum f i l t e r  which d i scha rges  a cake contain-  
i n g  about  50 pe rcen t  water. It i s  s l u r r i e d  wi th  water and pumped 
t o  a l i m e  pond. Water used t o  s l u r r y  t h e  l i m e  cake may be  f r e s h  water, 
condenser water o r  o t h e r  in-house h o t  w a t e r .  It i s  d e s i r a b l e  t o  use  
minimum amounts of water t o  avoid  f i l l i n g  and overf lowipg t h e  l i m e  
ponds. The q u a n t i t i e s  a c t u a l l y  used vary  from less than  t e n  ga l lons  
per  t on  of b e e t s  t o  more than 100. Most of t h e  f a c t o r i e s  u se  20 
t o  60, averaging  about  50 ga l lons  per  ton  of b e e t s .  A .  Ca r ru the r s ,  
r e p o r t i n g  on European p r a c t i c e s  i n  t h i s  r ega rd ,  (See appendix) 
d e s c r i b e s  a f a c t o r y  i n  Switzer land which adds only a s m a l l  amount of  
water t o  t h e  cake and t r a n s p o r t s  i t  t o  a d i s t a n t  pond wi th  compressed 
a i r .  American p r a c t i c e  has  tended, i n  r e c e n t  yea r s ,  toward reduced 
use  of water i n  t h e  l i m e  mud s l u r r y .  The l i m e  mud, though r e l a t i v e -  
l y  s m a l l  i n  volume, i s  h igh  i n  BOD and suspended s o l i d s .  

Barometric Condenser Water 

Cold water i n  l a r g e  q u a n t i t i e s  is r equ i r ed  f o r  use  i n  t h e  barometr ic  
condensers of t h e  evapora tors  and pans.  The q u a l i t y  of t h e  w a t e r  i s  
n o t  important  b u t  s i n c e  t h e  only  source  of co ld  water i s  t h e  f r e s h  
water from w e l l s  o r  streams i t  i s  u s u a l l y  r e l a t i v e l y  pure.  I n  20 of 
t h e  58 f a c t o r i e s  i n  t h e  United States ,  condenser water i s  cooled by 
cool ing  towers o r  sp ray  ponds and recyc led  t o  t h e  condensers.  

In 38 of t h e  United S t a t e s  b e e t  suga r  f a c t o r i e s ,  spen t  condenser 
water f r equen t ly  i s  re-used, p r i n c i p a l l y  f o r  f luming b e e t s .  I n  
many of t h e s e ,  condenser water i s  t h e  only source  of flume water. 
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The amount of condenser water used v a r i e s  from 1,300 t o  4,500 
g a l / t o n  b e e t s .  
s l i c e d .  

The average usage i s  2 ,210  ga l lons  pe r  t on  of b e e t s  

I n  f a c t o r i e s  where r e c y c l i n g  of flume w a t e r  i s  p r a c t i c e d ,  i t  is  
o f t e n  advantageous t o  d i scha rge  t h e  condenser w a t e r  d i r e c t  t o  streams. 
By t h i s  expedient  a l a r g e  volume of e f f l u e n t  con ta in ing  r e l a t i v e l y  
l i t t l e  BOD by-passes t h e  waste ponds. The BOD i n  spen t  condenser 
water, however, i s  n o t  n e g l i g i b l e ;  o f t e n  amountingoto 0.5 pounds pe r  
ton of b e e t s .  Usual ly  t h e  temperature  i s  about  50 C and t h e  d i s s -  
olved oxygen con ten t  near  zero ;  hence d i scha rge  i n t o  small-flow 
streams sometimes r e s u l t s  i n  t h e  k i l l i n g  of f i s h .  Twenty-six of 
t h e  38 f a c t o r i e s  t h a t  do n o t  r e c y c l e  condenser water now discharge  
a l l  o r  a cons ide rab le  p a r t  of candenser waters d i r e c t  t o  streams. 

S t e f f e n  D i l u t i o n  Water 

Twenty-one b e e t  suga r  f a c t o r i e s  employ t h e  S t e f f e n  process .  I n  t h i s  
p rocess ,  molasses conta in ing  about  50 percent  suc rose  i s  d i l u t e d  wi th  
co ld  f r e s h  water t o  produce a "solut ion-for-cooler"  con ta in ing  5 t o  
6 percent  suc rase .  A t  t h e  s i x  S t e f f e n  f a c t o r i e s  of t h e  Great Western 
Sugar Company about  45 percent  of t h e  d i l u t i o n  water i s  rep laced  by 
S t e f  f en waste. 

S t e f f e n  w a s t e  i s  concent ra ted  a t  f o u r t e e n  f a c t o r i e s .  The concen- 
t ra te  (CSF) i s  mixed wi th  e x t r a c t e d  pressed  b e e t  pu lp  and d r i ed .  
A t  t h e  o t h e r  seven S t e f f e n  f a c t o r i e s ,  t h e  S t e f f e n  waste i s  discharged 
t o  shal low ponds where i t  d r i e s  o r  i s  l o s t  by seepage. 

A t  t h e  Hamilton C i ty  f a c t o r y  of t h e  Holly Sugar Corporat ion,  an ion- 
exchange process  i s  used f o r  t r e a t i n g  about 75 percent  of t h e  syrup 
cen t r i fuged  from second b o i l i n g  f i l l m a s s ,  a mixture  of mother l i q u o r  
and sugar  c r y s t a l s .  Regeneration of t h e  ion-exchange r e s i n  columns 
wi th  a c i d  and wi th  ammonium hydroxide produces wastes somewhat 
s i m i l a r  t o  S t e f f e n  waste. Raw water i s  used f o r  d i l u t i o n  of syrups  
i n  t h i s  process  and f o r  t h e  r egene ra t ion  and washing of t h e  columns. 
The wastes are  sepa ra t ed  i n t o  two main streams, one of which i s  d r i e d  
on pulp ,  t h e  o t h e r  concent ra ted  t o  produce a n i t rogenous  f e r t i l i z e r  
product .  There i s  no d i scha rge  t o  streams. 

Another s p e c i a l  case is  t h e  Johnstown molasses p l a n t  where molasses 
i s  desugarized by a barium hydroxide process .  This  ope ra t ion  w i l l  be  
d iscussed  i n  g r e a t e r  d e t a i l  la ter  bu t  i t  is  t o  be  noted t h a t  a waste 
similar t o  S t e f f e n  w a s t e  is  produced. It ,  too ,  is  concent ra ted  and 
subsequent ly  used as a d d i t i v e  t o  b e e t  pulp.  
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Miscel laneous Water Uses 

Heatirig and evapora t ion  of j u i c e s  by steam o r  vapors  r e s u l t  i n  t h e  
product ion  of q u a n t i t i e s  of condensed waters ranging  from 150 t o  200 
pe rcen t  of t h e  weight  of b e e t s  s l i c e d .  The p u r e s t  of t h e s e  condensates  
are c o l l e c t e d  and used as b o i l e r  f eed .  Normally, no o t h e r  water i s  
used f o r  t h i s  purpose. Condensed waters are used f o r  many o t h e r  
purposes:  d i f f u s e r  supply ( i n  p a r t ) ,  p r e s s  wash, i . e . ,  washing of 
l i m e  cake p r e c i p i t a t e ,  c e n t r i f u g a l  wash, house h o t  water ( c l ean ing  
evapora to r s ,  f l o o r s ,  e t c . ) .  Some of t h e  c l ean ing  ope ra t ions  r e q u i r e  
t h e  u s e  of a c i d s  o r  c a u s t i c  soda.  The wastes are s e n t  t o  t h e  main 
sewer and gene ra l  ponds. The flow i s  i n t e r m i t t e n t  and o f t e n  r e s u l t s  
i n  sudden changes i n  t h e  pH of t h e  e f f l u e n t  t o  ponds. This  accounts ,  
i n  p a r t ,  f o r  e r r a t i c  behavior  of waste t rea tment  p rocesses .  



SECTION V I  

FLOW DIAGRAMS 

Water uses ,  re-uses ,  and d i s p o s a l  vary g r e a t l y  among t h e  f a c t o r i e s ,  
bu t  may b e  r ep resen ted ,  i n  gene ra l ,  by t h e  f o u r  flow diagrams shown 
i n  F igures  1 t o  4 .  Actua l ly ,  t h e s e  f o u r  flow diagrams do n o t  repre-  
sent,  e x a c t l y ,  t h e  water and material f low i n  any p a r t i c u l a r  f a c t o r y  
b u t  they i l l u s t r a t e  f o u r  gene ra l  types  of flow. It i s  n o t  prac- 
t i c a l  t o  show i n  d e t a i l  a l l  t h e  mod i f i ca t ions  exh ib i t ed  by i n d i v i -  
dua l  p l a n t s .  The arrangements ,  volumes, and depths  of s e t t l i n g  ponds 
and of w a s t e  s t o r a g e  ponds va ry  g r e a t l y  among f a c t o r i e s .  

Type I (Figure  1) r e p r e s e n t s  a water f low once very  common i n  t h e  
United S t a t e s  bee t  suga r  i n d u s t r y  bu t  now found only a t  one plant--  
Torr ington ,  Wyoming. Even a t  t h i s  p l a n t ,  t h e r e  is some modi f ica t ion .  
The type  is  c h a r a c t e r i z e d  by t h e  absence o f  re-use of water i n  t h e  
p l a n t  except  €o r  some l i m i t e d  use  of condenser water i n  t h e  b e e t  
f lumes. This  diagram i l l u s t r a t e s  t h e  extreme usage of  r a w  w a t e r  
i n  a b e e t  process ing  p l a n t  and h a s  been inc luded  t o  show t h e  progress  
i n  water re-use du r ing  t h e  p a s t  s e v e r a l  yea r s .  

Type I1 (Figure  2)  r e p r e s e n t s  a water f low now very  common i n  t h e  
i n d u s t r y .  I n  t h i s  type  a l l  t h e  f r e s h  w a t e r  i s  used i n  t h e  baromet- 
r i c  condensers of evapora to r s  and pans,  f o r  misce l laneous  cool ing ,  
and a t  S t e f f e n  f a c t o r i e s  f o r  d i l u t i o n  of molasses .  Spent condenser 
water i s  used f o r  fluming and washing b e e t s ,  f o r  make-up water i n  t h e  
d i f f u s e r  and f o r  o t h e r  purposes .  F a c t o r i e s  employing t h i s  type  of 
water-flow are equipped w i t h  cont inuous d i f f u s e r s ,  pulp sc reens ,  
pu lp  p r e s s e s ,  and pulp  d r i e r s .  Pulp p r e s s  w a t e r  i s  r e tu rned  t o  t h e  
d i f f u s e r .  S e t t l i n g  ponds f o r  removing s o i l  from spen t  flume water 
and ponds f o r  c o l l e c t i n g  l i m e  mud are provided. The overf low from 
ponds and any excess condenser water is  d ischarged  t o  streams. 
Thirty-one f a c t o r i e s  u s e  t h i s  p a t t e r n  of water flow. 

Type I11 (Figure  3 )  r e p r e s e n t s  a flow p a t t e r n  invo lv ing  more complete 
re-use of water. Fresh water, as i n  Type 11, i s  used on ly  i n  evapor- 
a t o r  and pan condensers ;  f o r  some miscel laneous coo l ing  and a t  S t e f f e n  
f a c t o r i e s  f o r  d i l u t i o n  of molasses .  During campaign, flume water 
a f t e r  s c reen ing  i s  pumped t o  s e t t l i n g  ponds and, a f t e r  more o r  less 
complete removal of s e t t l e a b l e  s o l i d s ,  i s  r e tu rned  t o  t h e  flumes. 
Water from t h e  evapora tor  and pan barometr ic  condensers i s  used as 
make-up water i n  t h e  d i f f u s e r  and i n  t h e  b e e t  washers and sp rays .  
Pulp water and pulp  p r e s s  water are r e tu rned  t o  t h e  d i f f u s e r .  L i m e  
mud i s  pumped t o  a s e p a r a t e  l i m e  pond; t h e  overf low,  if any, i s  d is -  
charged t o  t h e  stream. Most of t h e  condenser water i s  cooled by 
cool ing  tower o r  sp ray  pond and recyc led  t o  condensers.  S t e f f e n  w a s t e  
i s  evaporated t o  concent ra ted  S t e f f e n  f i l t r a t e .  Twenty-three f a c t o r -  
ies u s e  t h i s  p a t t e r n  of w a t e r  f low w i t h  some mod i f i ca t ions .  
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The amount of water re-use varies g r e a t l y  among t h e  f a c t o r i e s .  
Torr ington f a c t o r y ,  t h e  t o t a l  water usage, i n c l u d i n g  re-use,  exceeds 
t h e  r a w  water i n t a k e  by only 24 percen t ;  a t  t h e  Hereford,  Texas f a c t o r y  
t h e  t o t a l  usage exceeds i n t a k e  water by 1,300 p e r c e n t .  Raw water is  
s e v e r e l y  l i m i t e d  a t  t h e  Hereford p l a n t ,  hence g r e a t  e f f o r t  i s  made t o  
conserve i t .  
t o  one-half of t h e  t o t a l  usage. 
water c o n s t i t u t e s  less  than  20 pe rcen t  of t h e  t o t a l  use.  

Type 111 Water Flow i n  Beet Sugar Fac to ry .  

A t  t h e  

A t  most p l a n t s  r a w  water i n t a k e  c o n s t i t u t e s  one-third 
A t  s i x  f a c t o r i e s ,  however, f r e s h  
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Type I V  (Figure 4 )  r e p r e s e n t s  a completely enclosed p a t t e r n  of flow, 
except t h a t  a t  t h e  end of t h e  o p e r a t i n g  campaign, ponds are  drained 
eit-her t o  streams during s p r i n g  f l o o d s  o r  t o  municipal  sewage treat- 
ment p l a n t s .  Only t h r e e  f a c t o r i e s  u s e  t h i s  t ype  of water flow. 

 GRANULATOR^ 

I 

WASHERS W 

I 
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I LIME POND ---A 
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Figure  4 .  Type I V  Water Flow i n  B e e t  Sugar Factory.  
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SECTION V I 1  

WASTE TREATMENT AND DISPOSAL 

The f i v e  p r i n c i p a l  wastes from t h e  suga r  f a c t o r y  are: flume w a t e r ,  
barometr ic  condenser water, l i m e  mud, g e n e r a l  wastes ( f l o o r  washes, 
equipment washes, e t c . ) ,  and S t e f f e n  waste. To t h e s e  might b e  added 
t h e  s a n i t a r y  sewer which, however, is  u s u a l l y  discharged s e p a r a t e l y  
t o  municipal sewage p l a n t s .  

Flume Water 

The p h y s i c a l  removal of suspended s o l i d s  from flume water is  t h e  
f i r s t  t r ea tmen t  s t e p .  The amount of s o i l  ( d i r t  tare) v a r i e s  g r e a t l y  
from one b e e t  area t o  ano the r  and from season t o  season.  I n  w e t  
h a r v e s t i n g  seasons t h e  s o i l  adhering t o  b e e t s  may exceed 10 pe rcen t  
of t h e  weight of b e e t s .  I n  d ry  f a v o r a b l e  h a r v e s t i n g  seasons,  p a r t -  
i c u l a r l y  i n  areas of l i g h t  sandy s o i l ,  t h e  d i r t  tare may be on ly  
t h r e e  o r  f o u r  pe rcen t .  I n  any case suspended s o l i d s  are  removed i n  
p a r t  from flume water i n  s e t t l i n g  ponds o r  by c l a r i f i e r s .  J .  
Henry (32) i n  Belgium estimates d i r t  tare a t  about  14 pe rcen t  on b e e t s .  
Th i s  i s  much h ighe r  t han  i s  found i n  t h e  United S t a t e s ,  possTbly be- 
cause of g r e a t e r  r a i n  f a l l  and h e a v i e r  s o i l s  i n  Europe. An important  
d i f f e r e n c e ,  however, i s  t h e  much g r e a t e r  u s e  of r o l l e r  screens a t  
b e e t  r e c e i v i n g  s t a t i o n s  i n  A m e r i c a .  Except i n  unusual seasons and 
under unusual c o n d i t i o n s ,  d i r t  tare a t  f a c t o r i e s  i n  t h e  United S t a t e s  
amounts t o  f i v e  t o  s i x  pe rcen t .  

A f a c t o r y  s l i c i n g  400,000 tons  of b e e t s  du r ing  a campaign w i l l  acc- 
umulate 20 t o  24 thousand cub ic  ya rds  of d i r t  i n  i t s  s e t t l i n g  ponds. 
A t  Nyssa, Oregon, 53,000 cubic  ya rds  of d i r t  w e r e  removed from lag-  
oons i n  1969 a f t e r  p rocess ing  995,000 t o n s  of suga rbee t s .  

G r i t  s e p a r a t o r s  are employed by f i v e  f a c t o r i e s  t o  remove c o a r s e r  
material from rec . i r cu la t ed  flume water. Ten f a c t o r i e s  u s e  convention- 
a l  c l a r i f i e r s  t o  e f f e c t  more complete s e p a r a t i o n  of suspended s o l i d s  
b e f o r e  r e c i r c u l a t i o n  of flume water o r  d i scha rge  t o  ponds. The 
c l a r i f i e r  under-flow i s  pumped t o  mud ponds. 

The flume water i s  s c r e m e d  t o  remove b e e t  fragments,  t a i l s ,  e tc . ,  
a t  a l l  except  8 of t h e  58 f a c t o r i e s .  I n  most cases t h e  flume water 
i s  ponded wieh t h e  g e n e r a l  wastes of t h e  f a c t o r y .  A t  12 f a c t o r i e s ,  
milk of l i m e  is  added t o  t h e  flume w a t e r  as i t  leaves t h e  s c r e e n s  
o r  e n t e r s  ponds. This  serves t o  keep t h e  pH a t  a level  which impedes 
b a c t e r i a l  a c t i o n  thus  reducing odors .  It a l s o  acts as a f l o c c u l a -  
t i n g  agent .  Where flume water i s  recyc led  back t o  flumes t h e  add- 
i t i o n  of l i m e  a l lows t h e  u s e  of smaller s e t t l i n g  lagoons i n  t h e  sys-  
t e m .  
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Barometric Condenser Water 

Conderiser and coo l ing  water, i n  p r i n c i p l e ,  i s  r e l a t i v e l y  unchanged 
by usage except  f o r  an  i n c r e a s e  i n  temperature t o  50-55'C. 
t u a l l y ,  condenser water always p i cks  up some e n t r a i n e d  s o l i d s .  Pan 
condensers are prone t o  i n t e r m i t t e n t  "shots" of l i q u o r  b o i l e d  over 
a t  some s t a g e  of t h e  b o i l i n g  cyc le .  

Ac- 

Data r ega rd ing  t h e  BOD con ten t  of condenser water are l i m i t e d  bu t  
tend to confirm previous f i n d i n g s ,  namely t h a t  suga r  l o s t  by en- 
t ra inment  amounts t o  about 1,800 l b .  pe r  day i n  a p l a n t  of 2,500 
t o  3,000 ton  c a p a c i t y .  Suspended s o l i d s  i n  t h e  condenser water as 
i t  l e a v e s  t h e  seal tank are low. 

Re-use of condenser water i s  common p r a c t i c e  thus  reducing a c t u a l  
t r ea tmen t .  Th i r ty -e igh t  f a c t o r i e s  u se  condenser water f o r  fluming 
and o t h e r  i n -p l an t  usages;  twenty coo l  and r e c y c l e  t h i s  water back 
t o  condensers.  Many f a c t o r i e s  make some in -p lan t  use of condenser 
water and d i scha rge  t h e  remainder t o  streams. 

Condenser water p i cks  up ammonia from t h e  evaporat ing j u i c e s ,  hence 
is  always a l k a l i n e ,  ranging from 8 t o  10 pH b u t  u s u a l l y  less than  9.  
While u n d e s i r a b l e ,  t h e  d i scha rge  of t h i s  mi ld ly  a l k a l i n e  condenser 
w a t e r  i n t o  streams has r a r e l y ,  t hus  f a r ,  m e t  s e r i o u s  o b j e c t i o n  from 
p o l l u t i o n  c o n t r o l  a u t h o r i t i e s .  A more s e r i o u s  o b j e c t i o n  t o  d i r e c t  
d i scha rge  of condenser water is  i t s  temperature which may b e  as high 
as 55'C. Where streams are s m a l l  and s l u g g i s h ,  l o c a l  temperature  
i n c r e a s e s  i n  t h e  stream a t  t h e  p o i n t  of e n t r y  of t h e  condenser 
water sometimes r e s u l t s  i n  f i s h  k i l l .  

L i m e  Mud 

The q u a n t i t y  of d ry  s o l i d s  i n  t h e  l i m e  mud discharged by t h e  f a c t o r y  
ranges from about f o u r  t o  a l i t t l e  more than  s i x  pe rcen t  of t h e  weight 
of b e e t s .  The so -ca l l ed  l i m e  cake discharged from t h e  r o t a r y  f i l t e r s  
c o n t a i n s  about  50 pe rcen t  s o l i d s  b u t  i t  i s  s l u r r i e d  w i t h  w a t e r  t o  ob- 
t a i n  a pumpable mix tu re  of 20 t o  about  36 percen t  s o l i d s ,  u s u a l l y  
about 25 pe rcen t .  Treatment c o n s i s t s  of shal low ponding. 

F i f t y - f o u r  f a c t o r i e s  d i scha rge  l i m e  mud t o  s e p a r a t e  l i m e  ponds; f i v e  
d i scha rge  i t  t o  t h e  flume o r  gene ra l  ponds. Twenty-seven f a c t o r i e s  
r e p o r t  no overflow from t h e s e  ponds. Mud t r a n s p o r t  water a t  t h e s e  
f a c t o r i e s  i s  l o s t  by seepage o r  evaporat ion ( i n  a few i n s t a n c e s  some 
overflow o c c u r s ) .  
goes d i r e c t  t o  streams; a t  twenty-two t h e  overflow runs  i n t o  t h e  flume 
o r  g e n e r a l  ponds. A t  t h e  l a t te r  p l a n t s ,  t h e  l i m e  pond e f f l u e n t  i s  
sub jec t ed  t o  t h e  same treatment as t h e  flume and gene ra l  wastes. 

A t  f i v e  f a c t o r i e s  overflow from t h e  l i m e  ponds 
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The q u a n t i t y  of l i m e  cake r e t a i n e d  i n  ponds is  approximately t h e  same 
as t h a t  of flume sediments--20 t o  30 thousand tons  a yea r .  
f a c t o r i e s  now re-burn l i m e  cake f o r  t h e  product ion of l i m e - -  
Manteca and Mendota, C a l i f o r n i a .  The Alvarado f a c t o r y  of Holly Sugar 
Corporation has  been s h u t  down; t h e  l i m e  cake re-burning o p e r a t i o n  
a t  Sprecke l s ,  C a l i f o r n i a  h a s  been discont inued.  Re-burning of l i m e  
cake w a s  discont inued because of o b j e c t i o n s  t o  t h e  dus t  emit ted by 
t h e  r o t a r y  k i l n .  L i m e  cake from t h e  Spreckels  f a c t o r y  now i s  being 
shipped t o  t h e  Mendota f a c t o r y  f o r  re-burning. 

Only two 

S a l e  of l i m e  cake f o r  a g r i c u l t u r a l  and o t h e r  usages has  n o t  been 
no tab ly  s u c c e s s f u l .  A t  on ly  two factor ies--Tracy,  C a l i f o r n i a ,  and 
Toppenish, Washington, has  any c o n s i d e r a b l e  o u t s i d e  u s e  been made 
of i t .  The r a t h e r  l a r g e  s t o r e  of l i m e  cake a t  Tracy i s  being s o l d  
t o  farmers  f o r  u s e  on p e a t  s o i l s  a t  a somewhat f a s t e r  rate than i t  
is  being produced. A t  Toppenish, a commercial d i s t r i b u t o r  c o l l e c t s  
l i m e  cake from t h e  dry ponds f o r  sa le  i n  areas wi th  a c i d  s o i l s .  

Cleaning of l i m e  ponds i s  a con t inu ing ,  expensive chore a t  a l l  o t h e r  
f a c t o r i e s .  A s  a gene ra l  p r a c t i c e ,  two o r  more l i m e  ponds are avail- 
a b l e  a t  a f a c t o r y ,  enab l ing  t h e  o p e r a t o r s  t o  have one o u t  of s e r v i c e  
each yea r  so  i t  can be d r i e d  and dug o u t .  

S t e f f e n  Waste 

The d i s p o s a l  of S t e f f e n  waste has  been one of t h e  most perplexing 
problems of t h e  b e e t  suga r  i n d u s t r y .  The s o l i d s  i n  t h e  w a s t e  c o n s i s t  
p r i n c i p a l l y  of sodium and potassium s a l t s  and ni t rogenous compounds-- 
b e t a i n e  and amino a c i d s .  The l a t te r ,  though biodegradable ,  i s  n o t  
e a s i l y  a t t a c k e d  i n  t h e  u s u a l  b i o l o g i c a l  t r ea tmen t  systems. The 
S t e f f e n  p rocess  has  no t  been used i n  Europe, where i t  w a s  devel-  
oped, p a r t l y  f o r  t h i s  reason.  I n  t h e  United S t a t e s  a number of 
S t e f f e n  ope ra t ions  have been d i scon t inued  p a r t l y  b u t  n o t  e n t i r e l y  
because of t h e  waste d i s p o s a l  problems. 

A t  14 of t h e  o p e r a t i n g  S t e f f e n  f a c t o r i e s  t h e  d i s p o s a l  of t h e  waste 
has been s a t i s f a c t o r i l y  accomplished by evaporat ion and subsequent 
u s e  of t h e  concen t r a t ed  S t e f f e n  f i l t r a t e .  O r i g i n a l l y ,  impetus w a s  
given t h i s  procedure by t h e  demand f o r  CSF as a s o u r c e  of monosodium 
glutamate (MSG). Five f a c t o r i e s  of Great Western Sugar Company s t i l l  
s h i p  CSF t o  t h e  Johnstown, Colorado, MSG processing p l a n t .  The 
remaining n i n e  S t e f f e n  f a c t o r i e s  d ry  t h e  c o n c e n t r a t e  on b e e t  pulp,  
d i r e c t l y .  
superseded recovery from S t e f f e n  waste. 

Other p rocesses  f o r  t h e  product ion of MSG have l a r g e l y  

To reduce t h e  c o s t  of evaporat ing S t e f f e n  f i l t r a t e  cons ide rab le  
e f f o r t  is  made t o  keep t h e  concen t r a t ion  of t h e  t h i n  w a s t e  as high 
as p o s s i b l e  without  adve r se ly  a f f e c t i n g  t h e  p u r i t y  of t h e  s a c c h a r a t e  
produced. One method used by The Great Western Sugar Company is  t h e  
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r e t u r n  of cold s a c c h a r a t e  f i l t r a t e  as p a r t  of t h e  d i l u t i o n  water. 
The volume of t h i n  S t e f f e n  waste i s  t h u s  reduced from about t e n  
tons  p e r  t o n  of molasses t o  about s i x .  

Seven S t e f f e n  f a c t o r i e s  do n o t  evapora t e  t h e  waste. A t  some fac -  
t o r i e s  i t  is  discharged t o  t h e  l i m e  ponds; a t  o t h e r s  t o  s e p a r a t e  
lagoons where i t  is  allowed t o  evapora t e  o r  s e e p  away. 

General Wastes 

General wastes i n c l u d e  f l o o r  and equipment washes, f i l t e r  c l o t h  
wash, and miscel laneous e f f l u e n t s .  These wastes are u s u a l l y  d i s -  
charged t o  t h e  g e n e r a l  ponds t o g e t h e r  w i t h  flume water and overflow, 
( i f  any ) ,  from t h e  l i m e  pond. 
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SECTION V I 1 1  

ASSOCIATED WASTE DISPOSAL PROBLEMS 

The molasses desuga r i z ing  p l a n t  and t h e  monosodium glutamate recovery 
p l a n t  a t  Johnstown, Colorado, wh i l e  n o t  b e e t  processing p l a n t s ,  are an  
i n t e g r a l  p a r t  of t h e  i n d u s t r y  i n  Colorado and Western Nebraska. These 
p l a n t s  are n e c e s s a r i l y  included i n  t h i s  survey s i n c e  t h e i r  e f f l u e n t s  
c o n s t i t u t e  a p a r t  of t h e  p o l l u t i o n  of t h e  South P l a t t e  River a t t r i -  
b u t a b l e  t o  t h e  b e e t  suga r  i n d u s t r y .  

The two p l a n t s  have a common water supply,  a common stream and power 
p l a n t ,  and a common waste d i s p o s a l  system. 

The molasses desuga r i z ing  p l a n t  processed d a i l y  230 tons  of molasses 
r ece ived  from Great Western Sugar Company b e e t  suga r  f a c t o r i e s  i n  
Colorado and Nebraska. The MSG p l a n t  processes  d a i l y  115 tons  (dry 
s o l i d s  b a s i s )  of molasses r e d i d u a l s  from t h e  desuga r i z ing  p l a n t  and 
of concentrated S t e f f e n  f i l t r a t e  from Great Western Sugar Company 
S t e f f e n  f a c t o r i e s .  

The g ross  water intake--both p l an t s - - i s  4.2 m i l l i o n  g a l l o n s  a day, 
3 m i l l i o n  of which is  pumped from t h e  L i t t l e  Thompson River, t h e  
remainder is  ob ta ined  from w e l l s  and from t h e  Johnstown c i t y  w a t e r  
system. Most of t h e  r a w  water is  used i n  barometr ic  condensers i n  
t h e  two p l a n t s .  There a re  two sets of evapora to r s  and f o u r  s u g a r  
pans i n  t h e m o l a s s e s  p l a n t  and two evaporator  s t a t i o n s  i n  t h e  MSG 
p l a n t .  The condenser water is  r e t u r n e d  t o  t h e  r i v e r  con ta in ing  
cons ide rab le  BOD, presumably from entrainment .  

Water i s  used e x t e n s i v e l y  i n  both p l a n t s  as miscel laneous washes 
f o r  r e g e n e r a t i n g  char  columns, gas washing, etc.  These, i n c l u d i n g  
f l o o r  drainage,  go t o  t h e  so -ca l l ed  " t r e a t e d  sewer" which is  d i s -  
charged i n t o  two one-acre ponds, 15 f e e t  deep, o p e r a t i n g  i n  p a r a l l e l .  
I n  each of t h e s e  ponds a 60 HP a e r a t o r  i s  mounted, each capable  of 
d e l i v e r i n g  about 120 pounds oxygen pe r  hour .  The two ponds d i s -  
charge i n t o  a 20-acre pond, 3 f e e t  deep, p a r t i t i o n e d  t o  d i r e c t  t h e  
flow i n  a t o r t u o u s  p a t h  p r i o r  t o  d i scha rge  t o  t h e  r i v e r .  It w a s  
c o n f i d e n t l y  p r e d i c t e d  by t h e  company eng inee r s  t h a t  t h i s  arrangement 
of ponds and a e r a t o r s  would reduce t h e  BOD i n  t h e  e f f l u e n t  from 
t h e  p l a n t s  t o  a c c e p t a b l e  l i m i t s ,  i . e . ,  t o  800 pounds BOD p e r  day. 
P resen t  r e s u l t s  show almost 2,800 pounds of BOD are being d i s -  
charged t o  t h e  L i t t l e  Thompson River b u t  t h e  r e s u l t s  a re  n o t  conclu- 
s i v e .  It is  be l i eved  t h a t  t h e  newly completed i n s t a l l a t i o n ,  when 
equ i l ib r ium c o n d i t i o n s  are reached, w i l l  reduce t h e  d i scha rge  of 
BOD t o  t h e  r i v e r  t o  about 1,400 pounds p e r  day. 
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SECTION IX 

TREATMENT AND DISCHARGE OF EFFLUENTS 

It is  d i f f i c u l t  t o  c l a s s i f y  the waste t r ea tmen t  a t  the v a r i o u s  fac- 
t o r i e s  s i n c e  i t  ranges from l i t t l e  o r  no t r ea tmen t  t o  reasonably 
complete t reatment .  Procedures f o r  r e d u c t i o n  of BOD d i f f e r  i n  p r in -  
c i p l e ;  some companies r e l y  c h i e f l y  on anaerobic  f e rmen ta t ion  i n  deep 
ponds, some on a e r o b i c  f e rmen ta t ion  i n  shal low ponds w i t h  o r  w i thou t  
mechanical a e r a t i o n .  

I n  the fol lowing paragraphs these processes  are d i scussed  i n  some 
d e t a i l .  

Prel iminary t o  any t reatment  flume water or  flume water p l u s  g e n e r a l  
wastes are sc i eened  a t  a l l  b u t  e i g h t  of the 58 f a c t o r i e s .  By this  
means a l a r g e  amount of s o l i d  organic  material is  e l imina ted  which 
otherwise would se t t le  i n  ponds t o  form a bed of slowly decaying 
material . 
Three types of ponding are i n  use.  
pany a t  i t s  four  p l a n t s  i n  the Red River Valley i n  Minnesota employs 
l a r g e  ponds capable  of ho ld ing  n e a r l y  a l l  the wastes produced du r ing  
the campaign. 
e a r l y  p a r t  of the campaign, s o  r e g u l a t e d  as t o  avoid r a i s i n g  the BOD 
level of the r i v e r  above pe rmis s ib l e  l i m i t s  and reducing d i s so lved  
oxygen below accep tab le  limits. A f t e r  the r iver  f r e e z e s  over a l l  
d i scha rge  of waste t o  the stream i s  stopped. A l l  f a c t o r y  e f f l u e n t  
i s  h e l d  u n t i l  the s p r i n g  thaw a t  which t i m e  t h e  ponds are emptied 
a t  a c a r e f u l l y  r e g u l a t e d  ra te  based on BOD con ten t  of the e f f l u e n t  
and t h e  flow of the river. 

The American C r y s t a l  Sugar Com- 

Usually some waste d i scha rge  i s  permit ted du r ing  the 

Discharge of waste a t  Moorhead, may b e  a t  a rate of one m i l l i o n  gal-  
l ons  per  day, o r  a t  one-half m i l l i o n  o r  less when the river i s  low. 
The d i s so lved  oxygen, normally about 8 ppm above the p o i n t  of d i s -  
charge diminishes  t o  about  7 ppm below the p l a n t .  
river water above d i scha rge  from ponds i s  about 3.6 ppm; below as much 
as 5.6 ppm. 
p l a c e  during the long s t o r a g e  pe r iod  and p r i o r  t o  r e g u l a t e d  d i scha rge  
t o  the r iver ,  b u t  the reduc t ion  i n  s t o r a g e  is u s u a l l y  n o t  s i g n i f i c a n t .  

BOD con ten t  of 

Some r e d u c t i o n  i n  BOD con ten t  of t he  ponded w a s t e  takes 

The Crookston, Minnesota f a c t o r y  d i scha rges  i t s  ponded wastes i n t o  
t h e  Red L a k e  River which, i n  t u r n ,  empties i n t o  the Red River of the 
North near Grand Forks.  Discharge i s  r e g u l a t e d ,  as a t  Moorhead, t o  
maintain f a v o r a b l e  cond i t ions  i n  t h e  r i v e r  a t  a l l  p o i n t s  downstream, 
i . e . ,  a minimum of 5.0 ppm of d i s so lved  oxygen. Records on d i scha rge  
of wastes from the Crookston f a c t o r y  between October 3,  1968 and 
December 7 ,  1968 show a t o t a l  d i scha rge  of 362 m i l l i o n  g a l l o n s  of 
pond water w i t h  an  average BOD of 500 ppm p l u s  one m i l l i o n  g a l l o n s  of 
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lime pond overflow w i t h  a BOD of 4,500 ppm. 
24,000 lb s /day .  From December 8 no f u r t h e r  d i scha rge  w a s  permit ted 
u n t i l  the "spring thaw" s t a r t i n g  on A p r i l  18, 1969. 
d a t e  and June 6 ,  1969 about  408 m i l l i o n  g a l l o n s  of pond water and 17  
m i l l i o n  g a l l o n s  of l i m e  pond w a t e r  w e r e  discharged.  The BOD of the 
d i scha rge  from the ponds w a s  an  average of about  1,050 ppm and 4,400, 
r e s p e c t i v e l y  f o r  an average d a i l y  release of approximately 84,000 
l b s  of BOD t o  the r iver .  The rate of d i scha rge  of each of these 
e f f l u e n t s  w a s  c o n t r o l l e d  t o  prevent  unfavorable  stream cond i t ions  
a t  any t i m e .  

T h i s  is  an average of 

Between t h i s  

S imi l a r  c o n t r o l  of waste d i scha rges  t o  the river is  maintained a t  the 
E a s t  Grand Forks,  Minnesota and the Drayton, North Dakota f a c t o r i e s .  
The BOD discharged per  ton of b e e t s  a t  these Red River f a c t o r i e s  of 
American C r y s t a l  ranges from 3.5 t o  14 l b s  b u t  i t s  e n t r y  i n t o  t h e  
r i v e r  i s  sp read  over a pe r iod  of s i x  t o  n i n e  months. 

Another type of long-term r e t e n t i o n  i n  ponds is  exemplif ied by fac- 
t o r i e s  of the Spreckels  Sugar Company. I n  t h i s  t ype  no d i scha rge  of 
e f f l u e n t s  t o  streams i s  pe rmi t t ed  a t  any t i m e .  The waste is  even- 
t u a l l y  d i s s i p a t e d  by evaporat ion and seepage, o r  i n  some cases, by 
use of t h e  pond water f o r  i r r i g a t i o n .  A t  the Woodland, C a l i f o r n i a  
f a c t o r y  the ponds are shal low and cover l a r g e  areas. Reduction 
i n  BOD con ten t  i s  due t o  a e r o b i c  a c t i o n  p r i m a r i l y .  A t  the o t h e r  
Spreckels  f a c t o r i e s ,  r e l i a n c e  i s  p laced  p r i n c i p a l l y  on anae rob ic  
a c t i o n  i n  r e l a t i v e l y  deep i n i t i a l  ponds followed by shal low ponds. 
These p r a c t i c e s  appear  t o  b e  s u c c e s s f u l .  Some odor problem w a s  repor- 
t e d  a t  the Spreckels  (Sa l inas )  p l a n t .  Seve ra l  a e r a t o r s  are i n  u s e  
and more planned t o  a l lev ia te  this  nuisance.  
p o l l u t i o n  of streams by any of the Spreckels  f a c t o r i e s .  

There is no d e t e c t a b l e  

The Moses Lake f a c t o r y  of the Utah-Idaho Sugar Company a l s o  uses a 
long-term r e t e n t i o n  ponding system al though t h e  pond area i n  use i s  
n o t  large--45 acres. Extensive r e c i r c u l a t i o n  of flume and condenser 
water pe rmi t s  a very low i n t a k e  of f r e s h  water--only 580 g a l l o n s  pe r  
ton of b e e t s , ' h e n c e  a small d i scha rge  t o  ponds. The waste is  com- 
p l e t e l y  d i s s i p a t e d  by evaporat ion and seepage. 

The Hereford,  Texas p l a n t  of Holly Sugar Corporation a l s o  p r a c t i c e s  
remarkably complete r e c i r c u l a t i o n  of waters w i t h  ve ry  low i n t a k e  of 
f r e s h  water--215 g a l l o n s  p e r  ton of b e e t s .  Although l a r g e  areas are 
a v a i l a b l e  f o r  ponding of wastes, a c t u a l l y  l i t t l e  i s  used. Ponds f o r  
c o l l e c t i o n  of flume wastes are i n t e r m e d i a t e  i n  depth--8 f e e t .  There 
is  no d i scha rge  t o  streams. 

The Goodland, Kansas f a c t o r y  of The Great Western Sugar Company, l ike  
t h e  Hereford p l a n t ,  depends on e x t e n s i v e  r e c i r c u l a t i o n  and low i n t a k e  
of f r e s h  water--only 328 g a l l o n s  pe r  t on  of beets--to reduce wastes 
t o  a volume that can b e  t o t a l l y  contained wi thou t  d i scha rge  t o  streams. 
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Seventeen f a c t o r i e s  r e p o r t  e i t h e r  no d i scha rge  of BOD t o  streams o r  
t h e  d i s c h a r g e  of q u a n t i t i e s  less than  one pound p e r  ton of b e e t s  
s l i c e d .  

I n  g e n e r a l ,  f a c t o r i e s  i n  Montana, Wyoming, Nebraska, and Colorado 
r e p o r t  r e l a t i v e l y  l a r g e  amounts of BOD p e r  t o n  of b e e t s  discharged t o  
streams. Notable excep t ions  are  t h e  f a c t o r i e s  a t  Longmont, Eaton and 
Brighton, Colorado, where remodeling of waste d i s p o s a l  f a c i l i t i e s  
has  been completed. S imi l a r  changes a t  o t h e r  f a c t o r i e s  i n  t h e  South 
P l a t t e  river v a l l e y  are planned f o r  t h e  nea r  f u t u r e .  

A c a l c u l a t i o n  based on t h e s e  f i g u r e s  and on t h e  annual  s l i ce  r a t e  
of each f a c t o r y  shows t h a t  i n  1968 a l l  b e e t  sugar  f a c t o r i e s  d i s -  
charged t o  streams 82,016,000 pounds BOD. The t o t a l  tonnage of 
b e e t s  s l i c e d  was 26,071,000. The average pounds BOD p e r  ton of 
Beets s l i c e d  w a s ,  t h e r e f o r e ,  3.15. However, 17 f a c t o r i e s  showed 
no d i scha rge  of BOD t o  streams. The remaining 41 f a c t o r i e s  t he re -  
f o r e  discharged an ave rage  of 4 .8  pounds BOD p e r  t o n  of b e e t s  s l i c e d .  
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SECTION X 

COST OF WASTE DISPOSAL FACILITIES 

The annual  o p e r a t i n g  c o s t  i n c l u d e s  intercampaign c o s t s  of c l ean ing  
ponds and maintenance. The c o s t s  r e p o r t e d  may no t  be q u i t e  a c c u r a t e  
i n  some cases due, i n  p a r t ,  t o  t h e  d i f f i c u l t y  of s e p a r a t i n g  c l e a n i n g  
and maintenance c o s t s  from t h e  c o s t  of improvements of e x i s t i n g  fac- 
i l i t i e s .  The c o s t  of land should n o t  have been included i n  t h e s e  
estimates b u t  i n  a few cases land c o s t ,  o r  some of i t ,  i s  probably 
included.  For t h e  most p a r t ,  t h e s e  estimates i n c l u d e  only t h e  c o s t  
of forming d i k e s ,  l e v e l i n g  pond b a s i n s ,  c o n s t r u c t i o n  of pump houses 
and conc re t e  s t r u c t u r e s ,  c o s t  of pumps, p ip ing ,  mechanical separa-  
t o r s ,  s c reens ,  motors,  c o n t r o l  dev ices ,  e t c .  

Lgf and Kneese i n  "The Economics of Water U t i l i z a t i o n  i n  t h e  Beet 
Sugar Industry"  prepared f o r  Resources f o r  t h e  Fu tu re ,  Inc .  i n  1967, 
review waste t r ea tmen t  c o s t s  f o r  t h e  b e e t  suga r  i n d u s t r y .  The i r  f i -  
gures  show t h e  same wide range of c a p i t a l  expendi tures  a t  v a r i o u s  
p l a n t s  t h a t  t h e  p r e s e n t  survey shows, namely, from a few thousand 
d o l l a r s  t o  more than h a l f  a m i l l i o n  (one r e p o r t s  f i v e  m i l l i o n ) .  Also,  
annual  o p e r a t i n g  c o s t s  vary widely.  Some f a c t o r i e s  r e p o r t  as l i t t l e  
as one thousand dollars--some 30 t o  40 thousand. 

I 1  

A f i g u r e  by Lloyd Jensen which has  been widely quoted and which Lof 
and Kneese mention i n  t h e i r  r e p o r t  i s  30 m i l l i o n  d o l l a r s  i n  c a p i t a l  
expend i tu re s  f o r  t h e  e n t i r e  b e e t  suga r  i n d u s t r y  as t h e  amount nec- 
e s s a r y  t o  completely e l i m i n a t e  p o l l u t i o n  of streams. This means 
about one-half m i l l i o n  f o r  each f a c t o r y .  Table 11 i n  t h e  appendix 
i n d i c a t e s  some p l a n t s  have accomplished a g r e a t  d e a l  w i th  much less; 
some have accomplished much less w i t h  l a r g e r  amounts. 

The u l t i m a t e  s o l u t i o n  of t h e  problem of stream p o l l u t i o n  by t h e  b e e t  
suga r  i n d u s t r y  w i l l  probably r e q u i r e  t h e  fol lowing a t  each p l a n t :  

1. Equipment f o r  s c reen ing  of wastes t o  remove b e e t  fragments,  leaves 
and o t h e r  o r g a n i c  s o l i d  material. 

2. Equipment f o r  complete s e p a r a t i o n  of t h e  s o i l  and o t h e r  matter 
suspended i n  t h e  flumes and g e n e r a l  wastes. 
anical equipment o r  ponds. 

This  may mean mech- 

3 .  Areas f o r  t h e  permanent d i s p o s a l  of d i r t .  
d i r t  p e r  t o n  of b e e t s  s l i c e d  must b e  allowed f o r .  A f a c t o r y  s l i -  
c i n g  300,000 t o n s  a yea r  w i l l ,  i n  20 y e a r s ,  r e q u i r e  s t o r a g e  space  
f o r  about 200,000 cub ic  ya rds  of s o i l .  

About 100 pounds of 
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SECTION XI  

LABORATORY AND PILOT PLANT WORK ON NASTE TREATMENT 

A p r o j e c t  sponsored by the Beet Sugar Development Foundation, the 
"Treatment of Beet Sugar P l a n t  Flume Water" was conducted by the 
B r i t i s h  Columbia Research Council ,  U n i v e r s i t y  of Brit ish Columbia, 
Vancouver, B .  C .  i n  1964. A complete r e p o r t  by T .  E .  Howard and C. C .  
Walden i s  a v a i l a b l e .  A summary of their conclusions fo l lows :  

1. The r e p o r t  is  l i m i t e d  t o  s t u d i e s  on BOD r educ t ion  a t  f o u r  fac- 
t o r i e s :  
i ng ton ;  and Winnipeg, Manitoba. 

B i l l i n g s ,  Montana; Tracy, C a l i f o r n i a ;  Moses Lake, Wash- 

2. Any b u i l d r u p  i n  BOD load ing ,  a t  a m i l l  r e c y c l i n g  a cons t an t  per- 
cen tage  of flume water, occurs  i n  less than one week from the 
s tar t  of campaign. 

3. Beet flume wastes a re  s u s c e p t i b l e  t o  b i o l o g i c a l  ox ida t ion .  

4 .  Using b e e t  muds as a source  of inoculum, s t a r t - u p  rates are 
slower than d e s i r a b l e ,  eva lua ted  on a weekly batch-type fermen- 
t a t i o n .  Subsequently,  w i t h  an e s t a b l i s h e d  f l o c ,  t h e  rates of 
BOD removal are e n t i r e l y  adequate  t o  hand le  h i g h  BOD load ings .  

I n  a subsequent r e p o r t  i t  w a s  found: 

1. B i o l o g i c a l  o x i d a t i o n  w a s  an e f f e c t i v e  procedure f o r  the reduc- 
t i o n  of BOD: 93 .1  t o  96.8 p e r c e n t  of BOD load  w a s  removed by 
an a c t i v e  f l o c .  

2. Maximum BOD removal rates were ob ta ined  w i t h i n  96 hours .  

I n  a l a t e r  r e p o r t  of experiments i n  which flume wastes from 48 b e e t  
suga r  f a c t o r i e s  w e r e  s u b j e c t e d  t o  b io -ox ida t ive  t r ea tmen t ,  i t  w a s  
shown that s i g n i f i c a n t  BOD r educ t ion  w a s  ob ta ined  i n  72  hours  of 
a e r o b i c  t r ea tmen t .  

The Beet Sugar Development Foundation w i t h  suppor t  funds from EPA, 
(formerly F e d e r a l  Water Qua l i ty  Adminis t ra t ion)  sponsored p i l o t  p l a n t  
work on t r ea tmen t  of b e e t  sugar  f a c t o r y  wastes a t  the Tracy p l a n t  of 
t h e  Holly Sugar Corporation. The  e s s e n t i a l  f e a t u r e s  of the procedure 
followed i n  these experiments are as fo l lows :  

Factory wastes, p r i n c i p a l l y  flume water, a f t e r  s c reen ing  and removal 
of s e t t l e a b l e  s o l i d s  by mechanical means, are run  i n t o  three ponds 
i n  success ion ;  t h e  f i r s t  pond, about 20 f e e t  deep, o p e r a t e s  as an 
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anaerobic  fexmenter,  the second shal lower pond acts a s  a f a c u l t a -  
t ive  pond, and t h e  t h i r d ,  s t i l l  shal lower and much l a r g e r  as an  
a e r o b i c  pond i n  which a l g a e  grow, 

Flows i n  the ponds w e r e  c a r e f u l l y  c o n t r o l l e d ,  changes i n  pH and i n  
BOD con ten t  w e r e  determined and the numbers and k i n d s  of organisms 
p r e s e n t  were i n v e s t i g a t e d .  
t o r y ,  have been r epor t ed  elsewhere. 

R e s u l t s  which i n  g e n e r a l  were s a t i s f a c -  
( 8 6 )  

S u b s t a n t i a l l y  this  procedure is  c u r r e n t l y  be ing  used f o r  the treat- 
ment of wastes a t  the Manteca, C a l i f o r n i a ,  p l a n t  of the Spreckels  
Sugar Company. Some mod i f i ca t ions  have been made. The r e s u l t s  are 
appa ren t ly  s a t i s f a c t o r y .  

Wider use i n  the i n d u s t r y  has n o t  been made, p a r t l y  because tempera- 
t u r e s  during the ope ra t ing  season  i n  many areas are o f t e n  below 
f r e e z i n g ,  hence the b i o l o g i c a l  a c t i o n  would n o t  b e  as s a t i s f a c t o r y  
as i n  California--or s o  i t  is  be l i eved .  

A f u l l - s c a l e  p l a n t  experiment has been conducted i n  1967-69 by the 
Beet Sugar Development Foundation and the Environmental P r o t e c t i o n  
Agency a t  Longmont, Colorado. Reports of these tests are i n  p rogres s  
s o  only the g e n e r a l  p l a n  and r e s u l t s  w i l l  b e  d i scussed  here. 

Flume water a f t e r  s c reen ing  t o  remove o rgan ic  d e b r i s  i s  run  i n t o  
channels about  40 f e e t  wide a t  t h e  t o p ,  1 2  f e e t  deep and about 600 
f e e t  long i n  which suspended s o l i d s  are depos i t ed .  
added a f t e r  the s c r e e n i n g  o p e r a t i o n  t o  improve the s e t t l i n g  rate. 
The l i q u i d  flows from the  channel i n t o  a secondary pond from which 
i t  is  r e c i r c u l a t e d  t o  the flumes. Make-up w a t e r  is  added by the sp ray  
over the r o l l e r  conveyor which carries the b e e t s  from the b e e t  washer 
t o  the e l e v a t o r .  Any excess water t h a t  may b u i l d  up is  drawn o f f  the 
secondary pond t o  a l a r g e r  and deeper (about 15 f e e t  deep) s t o r a g e  
pond where anaerobic  micro-biological  a c t i o n  t akes  p l ace .  

Milk of lime i s  

The channels where primary s e t t l i n g  of muds takes p l a c e  are arranged 
i n  d u p l i c a t e  s o  that  flow may b e  d i r e c t e d  from one w h i l e  the o t h e r  
is  being cleaned. The removal of w e t  mud from these channels during 
t h e  o p e r a t i o n  p e r i o d  proved troublesome. 

The i n s t a l l a t i o n  a t  Longmont has been c l o s e l y  s t u d i e d  by the Founda- 
t i o n  t o  determine the r e l a t i o n  of pH, a l k a l i n i t y  and o t h e r  f a c t o r s  
on s e t t l i n g  rates.  The number and k i n d s  of microorganisms have been 
i n v e s t i g a t e d  as p a r t  of t h e  o v e r a l l  s tudy.  

Some odor problems have a r i s e n  from the s t o r a g e  pond. 
been i n s t a l l e d  i n  t h e  system t o  reduce odors.  

Aerators  have 

The Amalgamated Sugar Company uses  a system similar t o  this a t  Nyssa, 
Oregon. The channels are arranged i n  a horseshoe shape around a 
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c e n t r a l  secondary pond. 

Some s t u d i e s  are be ing  made by i n d i v i d u a l  companies, d i r e c t e d  toward 
reducing p o l l u t i o n  by improved "housekeeping." Also,  e f f o r t s  are 
be ing  made t o  t r a n s p o r t  l i m e  mud by the use  of minimum amounts of 
water. 
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SECTION X I 1  

PROBLEMS REQUIRING ADDITIONAL RESEARCH AND DEVELOPMENT 

Two of t h e  major problems conf ron t ing  t h e  i n d u s t r y  i n  connection w i t h  
waste d i s p o s a l  are t h e  d i s p o s a l  of muds and t h e  l e s s e n i n g  of odors 
from ponds and muds. Both of t h e s e  p r e v i o u s l y  have been r e f e r r e d  t o .  

The u s e  of mechanical s e p a r a t o r s  (hydrosepa ra to r s ,  t h i c k e n e r s )  a l low 
t h e  concen t r a t ion  of f a c i l i t i e s  f o r  s e p a r a t i o n  of s o i l  i n  a s m a l l  
area. Cost and maintenance of t h e  equipment r e p r e s e n t s  a consid- 
e r a b l e  o u t l a y .  U l t ima te ly  t h e  muds s o  s e p a r a t e d  must b e  t r a n s p o r t e d  
t o  permanent s t o r a g e  areas a t  a d d i t i o n a l  c o s t .  

J .  Henry (32) i n  h i s  survey of t h e  b e e t  f a c t o r y  waste problem i n  
Europe wi th  p a r t i c u l a r  emphasis on Belgium appa ren t ly  views t h e  mud 
d i s p o s a l  a s p e c t  w i th  some pessimism. 
s a r i l y  becomes i n c r e a s i n g l y  burdensome wi th  t i m e  as t h e  volume b u i l d s  
up and d i s p o s a l  areas sh r ink .  

Mud d i s p o s a l  a t  a f a c t o r y  neces- 

The use of l a r g e  s e t t l i n g  ponds pe rmi t s  d i s p o s a l  of muds i n  t h e i r  
f i n a l  s t o r a g e  p l a c e  w i t h  only t h e  requirement t h a t  t h e  depos i t ed  s o i l  
be l i f t e d  t o  t h e  remaining d i k e s ,  t h u s  r a i s i n g  t h e  level of t h e  ponds 
h i g h e r  and h ighe r  as t i m e  goes on. Veterans i n  t h e  i n d u s t r y  are of-  
t e n  shocked t o  see, a f t e r  t h e  passage of several y e a r s ,  t h e  inc reased  
h e i g h t  of pond w a l l s  a t  some f a c t o r i e s  (Moorhead, f o r  example). Y e t  
t h i s  may b e  one of t h e  more economical s o l u t i o n s  of t h e  problem. 

The second e x a s p e r a t i n g  problem of waste d i s p o s a l  a t  suga r  f a c t o r i e s  
is  t h e  matter of odor .  When most of t h e  f a c t o r i e s  were b u i l t ,  i . e . ,  
p r i o r  t o  1930, t hey  w e r e  l o c a t e d  downstream from s m a l l  towns. 
I n e v i t a b l y ,  t h e  towns have grown o f t e n  p r e s s i n g  c l o s e  t o  t h e  p l a n t  
s o  t h a t  smoke and f l y  a s h  from t h e  b o i l e r  house and odors from t h e  
ponds become ve ry  o b j e c t i o n a b l e .  
and t h e  conversion from c o a l  t o  gas  f i r e d  b o i l e r s  have l e s sened  t h e  
f l y  ash problem. The odor nu i sance  p o s s i b l y  has  been made a c u t e  by 
r equ i r ed  e f f o r t s  t o  avoid p o l l u t i o n  of streams. A t  f a c t o r i e s  t h a t  
d i scha rge  a l l  wastes--mud, l i m e  cake,  pulp water, condenser water-- 
d i r e c t  t o  streams d i l u t e d  w i t h  as much water as they  could pump, 
t h e r e  w a s  less t i m e  f o r  t h e  development of hydrogen s u l f i d e  and 
p u t r e f a c t i v e  odors .  

Better combustion i n  b o i l e r  houses 
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Ponding, p a r t i c u l a r l y  i n  deep anaerobic  ponds, f r e q u e n t l y  promotes 
t h e  growth of s u l f u r  reducing organisms. 
c a r e f u l  s c reen ing  of wastes t o  remove o r g a n i c  matter which set t les  
out  forming a s e p t i c  bed on t h e  f l o o r  of t h e  pond, l e s s e n s  t h e  quan- 
t i t y  of noxious gases  discharged.  However, t h e  f l o c  formed during 
b i o l o g i c a l  t r ea tmen t  of wastes becomes an unsavory component of t h e  
'reatment ponds promoting t h e  formation of unpleasant  odors.  

It has  been observed t h a t  
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SECTTON X I I T  

D I5 CUS S ION 

The magnitude of tbe p o l l u t i o n  of streams by b e e t  sugar  wastes i s  s t i l l  
very g r e a t ,  approximately 2,200 g a l l o n s  con ta in ing  a n  average of 3.15 
pounds BOD p e r  t o n  of b e e t s  s l i c e d  (4.8 pounds i f  only d i scha rg ing  
f a c t o r i e s  are used f o r  computation).  The t o t a l  d i scha rge  t o  streams 
from the e n t i r e  b e e t  suga r  i n d u s t r y  i n  the United S t a t e s  i n  1968 w a s  
about 57 x 109 g a l l o n s  con ta in ing  about  82 x lo6 pounds BOD. 
crop i n  1968 w a s  unusual ly  l a r g e ;  p o s s i b l y  a more normal crop t o  b e  
expected i s  22 m i l l i o n  tons i n s t e a d  of 26 m i l l i o n  tons.  

The b e e t  

It should b e  po in ted  o u t  t h a t  the p o l l u t i o n  by b e e t  sugar  f a c t o r i e s  has 
been g r e a t l y  reduced i n  r e c e n t  y e a r s .  
uous d i f f u s e r s  and of pulp d r i e r s ,  the amount of BOD discharged t o  
streams w a s  abou t  30 pounds p e r  t o n  of b e e t s .  
b e f o r e  evaporat ion of S t e f f e n  waste w a s  g e n e r a l l y  p r a c t i c e d ,  the BOD 
d i scha rge  from these f a c t o r i e s  was 40 pounds pe r  t on  of b e e t s .  Improved 
ponding of g e n e r a l  wastes has a l s o  c o n t r i b u t e d  t o  the r e d u c t i o n  of 
p o l l u t i o n  of streams by b e e t  f a c t o r i e s .  

Before the advent of cont in-  

A t  S t e f f e n  f a c t o r i e s  

Much of t h e  b e e t  sugar  i n d u s t r y  i s  l o c a t e d  i n  l i g h t l y  populated areas 
of the western p a r t  of t h e  United S t a t e s .  Most of this area i s  semi- 
a r i d .  Streams are r e l a t i v e l y  small, hence,  the i n f l u x  of even rela- 
t i v e l y  s m a l l  amounts of o rgan ic  wastes becomes o b j e c t i o n a b l e .  The 
b e e t  suga r  i n d u s t r y  i s  o f t e n  t h e  only i n d u s t r y  of importance i n  its 
area, hence,  produces most of the p o l l u t i o n  of the area streams. 

Under the p r e s e n t  Sugar Act, t h e  b e e t  sugar  i n d u s t r y  is pe rmi t t ed  t o  
i n c r e a s e  a t  a rate of 3 p e r c e n t  a y e a r .  Such growth and development 
of b e e t  areas and manufacturing f a c i l i t i e s  w i l l  b e  i n  new areas as 
w e l l  as i n  p r e s e n t  beet-growing areas. Some companies a n t i c i p a t e  ve ry  
l a r g e  i n c r e a s e s  af c e r t a i n  factories--some l i t t l e  o r  no growth. 
I n c r e a s e s  i n  s l i c i n g  rates (and t o t a l  annual  s l i c e )  w i l l  r e s u l t  i n  
i n c r e a s e d  waste d i s p o s a l  problems a t  some fac to r i e s - - a t  o t h e r s ,  ve ry  
l i t t l e .  The p o l l u t i o n  problem is  recognized by a l l  p rocesso r s ,  now, 
and i s  appa ren t ly  c a r e f u l l y  considered when expansions are planned. 
The marked tendency toward reduced usage of new ( f r e s h )  water by the 
re-use of water permits  cons ide rab le  expansion wi thou t  added waste 
d i s p o s a l  f a c i l i t i e s .  

The p r e s e n t  p rocesses  a v a i l a b l e  t o  treat  b e e t  suga r  f a c t o r y  wastes 
have been desc r ibed  i n  previous s e c t i o n s  of th is  r e p o r t .  Common t o  
a l l  processes  i s  t h e  requirement f o r  adequate  s c r e e n i n g  of wastes t o  
remove fragments of b e e t s  and o t h e r  o rgan ic  matter and f a c i l i t i e s ,  
e i t h e r  mechanical o r  o t h e r ,  f o r  s e p a r a t i o n  of muds. The method of 
handl ing t h e  c l a r i f i e d  o r  p a r t l y  c l a r i f i e d  l i q u i d  wastes may b e  one of t he  

39 



fo l lowing :  CaZ d i r e c t  d i scha rge  t o  streams dur ing  pe r iods  of f l o o d s  
(where this i s  pe rmi t t ed )  
deep ponds, followed usvally by a e r o b i c  a c t i o n  i n  shal low ponds o r  
ponds equipped w i t h  mechanical a e r a t o r s ,  o r  (c) a e r o b i c  fermentat ion 
only.  To these should b e  added b i o l o g i c a l  ( t r i c k l i n g )  f i l t e r s ;  a l s o  
the use  of w a s t e  d i s p o s a l  f a c i l i t i e s ,  j o i n t l y  w i t h  neighboring mn-  
i c i p a l i t i e s .  

(b) anae rob ic  b i o l o g i c a l  t r ea tmen t  i n  

The p o l l u t i o n  load  produced by a f a c t o r y  b e f o r e  any c o r r e c t i v e  a c t i o n  
i s  taken i s ,  approximately: 

BOD Suspended S o l i d s  - l b / t o n  b e e t s  
l b /  t on  b e e t s  S o i l  Lime C a k e  

S t r a i g h t  houses 30-35 80-250 60-100 
S t e f  f en  houses 40-45 80-250 100-140 

With the use  of continuous d i f f u s e r s ,  pulp p r e s s e s ,  pulp d r i e r s  and 
t h e  complete r e c i r c u l a t i o n  of pulp p r e s s  water, the BOD d i scha rged  i n  
the waste may b e  reduced by about  17 pounds pe r  ton of b e e t s  s l i c e d .  
By r e t a i n i n g  lime muds i n  ponds w i t h  no overflow, a f u r t h e r  r e d u c t i o n  
of about  s ix  pounds BOD pe r  t o n  of b e e t s  s l i c e d  is  a f f e c t e d .  The 
e l i m i n a t i o n  of S t e f f e n  w a s t e  from the f a c t o r y  e f f l u e n t  by concentra- 
t i o n  and d i s p o s a l  as ca t t l e  f e e d  reduces the p o l l u t i o n  load  by about  
230 pounds of BOD p e r  t on  of molasses worked. 
worked varies cons ide rab ly  b u t  ranges u s u a l l y  between f o u r  and s i x  
pe rcen t  of the weight of b e e t s  s l i c e d .  The BOD i n  the S t e f f e n  waste 
i s  t h e r e f o r e ,  t e n  t o  e l even  pounds per  t o n  of b e e t s .  

The amount o f  molasses 

It i s  appa ren t  t h a t  the BOD i n  wastes that  must b e  s u b j e c t e d  t o  bio- 
l o g i c a l  t r ea tmen t  can be ,  and is  i n  most U. s .  f a c t o r i e s ,  reduced t o  
t h a t  contained i n  flume water, condenser water and f l o o r  washings, 
i . e . ,  f i v e  t o  t e n  pounds p e r  t o n  of b e e t s .  Unfo r tuna te ly ,  these quan- 
t i t i e s  are f r e q u e n t l y  exceeded due t o  a c c i d e n t a l  s p i l l s  i n  the house o r  
t o  the i n t r o d u c t i o n  of d e t e r i o r a t e d  b e e t s  i n t o  the f lumes,  

The removal e f f i c i e n c i e s  of p r e s e n t  waste t r ea tmen t  p rocesses  are d i f f -  
i c u l t  t o  assess. Adequate BOD de te rmina t ions  are i n f r e q u e n t l y  avail- 
a b l e  i n  s t a t i s t i c a l l y  s i g n i f i c a n t  numbers. Exceptions t o  this are ,  
of course,  t h e  i n t e n s i v e  s t u d i e s  (88) made by the EPA (formerly Fede ra l  
Water Qua l i ty  Adminis t ra t ion)  on p o l l u t i o n  i n  the South P l a t t e  River 
(June 1967) where t h e  systems of t r ea tmen t  i n v e s t i g a t e d  were found com- 
p l e t e l y  inadequate ,  and t h e  v a r i o u s  s t u d i e s  of experimental  u n i t s  con- 
ducted by the companies o r  by the B e e t  Sugar Development Foundation. 
It i s  reasonably c e r t a i n ,  however, that the f a c i l i t i e s  o u t l i n e d  on 
pages 33-34 of this  r e p o r t  can b e  made adequate  t o  reduce stream pol lu-  
t i o n  t o  p r e s e n t l y  a c c e p t a b l e  levels. Obviously, t hose  few f a c t o r i e s  
t h a t  c o n t a i n  a l l  their  wastes, w i t h  no d i scha rges  t o  streams, cause no 
d i r e c t  stream p o l l u t i o n .  Contamination of ground waters o r  even of stream 
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by seepage i s  perhaps p o s s i b l e .  

The c o s t  of c o n s t r u c t i o n  of adequate  waste t r ea tmen t  f a c i l i t i e s  f o r  
b e e t  sugar  f a c t o r y  wastes w i l l  va ry  g r e a t l y  among f a c t o r i e s .  An 
eng inee r ing  estimate f o r  each i n d i v i d u a l  f a c t o r y  i s  beyond t h e  scope 
of t h i s  r e p o r t .  

Such an estimate must i n c l u d e  several i t e m s  n o t  u s u a l l y  thought of as 
waste d i s p o s a l  f a c i l i t i e s .  Among t h e s e  are changes i n  w a t e r  supply 
t o  re-use w a t e r  i n  t h e  p l a n t ;  changes i n  means of removal of l i m e  
cake from t h e  f a c t o r y  without  d i l u t i o n ,  and o t h e r s .  Add i t iona l  land 
may be r e q u i r e d  a t  several f a c t o r i e s ,  p r i m a r i l y  f o r  d i s p o s a l  of mud 
and l i m e  cake. The w r i t e r ( s )  of t h i s  r e p o r t  h e l d  t h e  opinion t h a t  M r .  
Lloyd Jensen ' s  g e n e r a l i z a t i o n  t h a t  t h e  c o s t  would b e  about $500,000 
pe r  average f a c t o r y  w a s  p o s s i b l y  h igh ;  a f t e r  t h i s  survey w e  t a k e  a 
much more p e s s i m i s t i c  view, namely, t h e  c o s t  may b e  cons ide rab ly  
higher--possibly $750,000 a t  many p l a n t s .  
of waste d i s p o s a l  i s  e s t ima ted  by u s  t o  approach $0.25 p e r  ton of 
b e e t s  s l i c e d ,  however, newer i n s t a l l a t i o n s  o p e r a t e  a t  h a l f  o r  less 
t h a t  amount. These f i g u r e s  w i l l  i n c l u d e  power, maintenance and pond 
c l ean ing  c o s t s  . 

The annual  o p e r a t i n g  c o s t  

Gaps i n  t h e  technology of b e e t  f a c t o r y  w a s t e  d i s p o s a l ,  a t  f i r s t  g l ance ,  
appear t o  be t r i v i a l ;  i t  has  been demonstrated t h a t  b e e t  wastes are 
amenable t o  t reatment .  A s  i n d i c a t e d  p rev ious ly ,  two approaches a re  
c u r r e n t l y  being used: anae rob ic  b i o l o g i c a l  a c t i o n  and a e r o b i c  f e r -  
mentat ion.  The former,  according t o  T s u g i t a ,  &. (86) i s  pro- 
bably t h e  most e f f i c i e n t  and l e a d s  t o  t h e  most n e a r l y  complete s t a b -  
i l i z a t i o n  of BOD. It ,  however, g i v e s  rise t o  o b j e c t i o n a b l e  odors 
i n c l u d i n g  p a r t i c u l a r l y ,  t h e  odor of hydrogen s u l f i d e .  A t  many fac-  
t o r i e s ,  neighboring r e s i d e n t s  have p r o t e s t e d  t h i s  annual nuisance.  

Besides t h e  cont inued s tudy  of f a c t o r y  scale bio- t reatment  of wastes, 
an economic and eng inee r ing  s tudy  i s  r e q u i r e d  t o  determine t h e  most 
p r a c t i c a l  and economic means of s o l i d  waste d i s p o s a l .  
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SECTION XV 

CLO s SARY 

campaign - (French) the per iod  o f  the year du r ing  which the b e e t  
f a c t o r y  makes sugar .  

c o s s e t t e s  - t h i n  s t r i p s  of suga rbee t  r o o t  t i s s u e  produced from the 
knives of the s l icer .  

d i f f u s e r  - a n  appara tus  i n t o  which w a t e r  and c o s s e t t e s  are f e d ,  the 
water "dissolving" sugar  f zom the sugarbee t  c e l l s .  

f i l t r a t e  - l i q u i d  a f t e r  pass ing  through a f i l t e r .  

g ranu la to r  - a r o t a r y  d r i e r  used t o  remove f r e e  mois ture  from 
sugar  c r y s t a l s  p r i o r  t o  packaging o r  s t o r i n g .  

lime mud - the washed calcium carbonate  f i l t e r  cakes, inc lud ing  
s ludges  from f i r s t  and second carbonat ion ,  

nonsugar - any material p r e s e n t ,  a s i d e  from water, which is n o t  
a sugar .  

pan - a s i n g l e - e f f e c t  evapora tor  used t o  c r y s t a l l i z e  suga r .  

process  water - water which i s  used i n  the i n t e r n a l  j u i c e  streams 
from which suga r  is  u l t i m a t e l y  c r y s t a l l i z e d .  

pulp p r e s s  - a mechanical p re s su re  device  which squeezes the 
exhausted c o s s e t t e s  (pulp) removing some of the water. 

saccharate milk - a s l u r r y  of (calcium saccha ra t e )  cakes from 
the S t e f  f en process .  

seal tank - the seal on t h e  bottom of a barometr ic  l e g  p ipe .  

s l icer  - usua l ly  a drum on which V-shaped cor ruga ted  knives  are 
mounted. T h i s  machine produces the c o s s e t t e s .  

s l i c i n g  capac i ty  - process ing  capac i ty ,  the number of tons  of 
suga rbee t s  a f a c t o r y  is capable  of process ing  i n  a 24-hour 
pe r iod  of  t i m e .  

S t e f f e n  process  - a process  of t r e a t i n g  molasses t c  produce a 
p r e c i p i t a t e  conta in ing  suc rose  which can then  b e  t r e a t e d  t o  
release f r e e  suc rose  i n  s o l u t i o n ,  

% on b e e t  - r a t i o  of a q u a n t i t y  t o  c l ean  b e e t  weight .  
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SELECTED WASTE WATER SCHEMES 

I N  OPERATION AT SUGARBEET FACTORIES 

IN EUROPEAN COUNTRIES AND GREAT BRITAIN~ 

INTRODUCTION 

This  s e c t i o n  con ta ins  information on water schemes and methods of 
t r ea tmen t  of w a s t e  waters i n  o p e r a t i o n  a t :  (1) German f a c t o r i e s - -  
Ameln, Schladen, Wabern; ( 2 )  B r i t i s h  f ac to r i e s - -E ly ,  Newark, Wiss- 
ing ton ;  (3 )  a Swedish f a c t o r y - - 6 r t o f t a ;  and ( 4 )  a Swiss factory-- 
Aarberg. 

Costs of i n s t a l l i n g  and o p e r a t i n g  each p l a n t  are r epor t ed .  E s t i m a t e s  
from Belgium have been included and information of a more gene ra l  na- 
t u r e  r e l a t i n g  t o  developments i n  France and t h e  Nether lands a l s o  has  
been included.  

Nowhere on t h e  Continent have t h e  v a r i o u s  problems a s s o c i a t e d  w i t h  
waste waters a p p a r e n t l y  r ece ived  more a t t e n t i o n  than  a t  t h e  Ameln 
f a c t o r y  of P f e i f f e r  and Langen. The developments which have taken 
p l a c e  t h e r e  are f u l l y  desc r ibed  and d i scussed  i n  t h e  papers  authored 
by Langen and Hoeppner ( 4 )  and F. W. Meyer (5). 

The f i r s t  of t h e s e  papers  g ives  d e t a i l s  of t h e  v a r i o u s  water c y c l e s  
which have been set up and of t h e  s t o r a g e  b a s i n s  f o r  r e c e i v i n g  mud and 
water (Figure 5 ) .  S e t t l e d  water from t h e  mud ponds i s  even tua l ly  
s t o r e d  i n  a r e c t a n g u l a r  shaped lagoon, covering 6 a c r e s  and ho ld ing  
a t  t h e  end of t h e  campaign about 31 m i l l i o n  U. S. g a l l o n s ,  b e f o r e  
being fed t o  an a c t i v a t e d  s ludge  p l a n t .  The f i r s t  paper g ives  de- 
t a i l s  of t h e  c o s t s  of i n s t a l l i n g  and o p e r a t i n g  t h e  a c t i v a t e d  s ludge  
p l a n t  supp l i ed  by t h e  Lurgi  Company, and t h e  second paper a m p l i f i e s  
on t h e  improved performance of t h e  p l a n t .  

The q u a n t i t y  of water t o  b e  p u r i f i e d  corresponds t o  about 57 pe rcen t  
of t h e  weight of b e e t s  t o  b e  processed b u t  i t  is  po in ted  o u t  t h a t  
t h i s  amount could b e  reduced by about 1 7  percent  on b e e t  weight if 
t h e  water from t h e  gas  washer w a s  n o t  used as a sp ray  t o  c l e a n  t h e  
b e e t s  a f t e r  they emerge from t h e  b e e t  washer. Furthermore,  a n  add- 
i t i o n a l  saving of 4 percen t  on b e e t  weight could b e  achieved i f  t h e  

'By A. Ca r ru the r s ,  D i r e c t o r  of Research ( R e t i r e d ) ,  B r i t i s h  Sugar 
Corporation Ltd.  
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Figure  5. Waste water scheme - Ameln f a c t o r y  ( P f e i f f e r  and Langen). 

c a p a c i t y  of the coo l ing  tower,  o p e r a t i n g  on the condenser water, were 
i n c r e a s e d  by i n s t a l l i n g  fo rced  d r a f t .  
considered t o  b e  economical, and presumably the need f o r  the sp ray  
a p p l i c a t i o n  on the b e e t s  i s  a r e f l e c t i o n  of the q u a n t i t y  of s o i l  
being d e l i v e r e d  t o  the f a c t o r y .  
i n  the two b a s i n s  of 2.7 acres and 2 . 1  acres i s  s a i d  t o  b e  0.5 meter. 

The la t te r  p r o p o s i t i o n  i s  n o t  

The y e a r l y  rise i n  level of s o i l  

A t  the Ameln f a c t o r y ,  u n l i k e  t h e  p r a c t i c e  adopted a t  many o t h e r  fac- 
t o r i e s  on the Continent ,  l i m e  s ludge  is no t  combined w i t h  thickened 
mud f o r  d i scha rge  t o  ponds. The s ludge ,  mixed w i t h  a ve ry  small 
q u a n t i t y  of water, is conveyed by a Moyno pump t o  a b a s i n  of 2.4  acres 
where i t  r e a d i l y  d r i e s  ou t  i n  the summer, 

56 



To t h e  water being r e t u r n e d  from the  f i n a l  s e t t l i n g  pond ( a r e a  0.9 
a c r e )  c h l o r i n e  is  added a t  a dose ra te  of 15g/m3 which is  e q u i v a l e n t  
t o  15 ppm. It is  i n t e r e s t i n g  t o  n o t e  t h a t  some f a c t o r i e s  o p e r a t i n g  
wi th  c losed  systems add c h l o r i n e  t o  t h e  r e t u r n  water mainly t o  avoid 
an  unpleasant  s u l p h i d e  odor a t  t h e  b e e t  end. 

Schneider and Hoffman-Walbeck (8) recommend a d d i t i o n  of l i m e  t o  re- 
cycled t r a n s p o r t  w a t e r  s u f f i c i e n t  t o  ma in ta in  t h e  pH a t  o r  above 
11.0 s i n c e  under t h e s e  cond i t ions  b a c t e r i a l  a c t i o n  is g r e a t l y  inhib-  
i t e d .  It is  noteworthy t h a t  a t  Ameln, because t h e  c a p a c i t y  of t h e  
l i m e  k i l n  i s  l i m i t e d ,  l i m e  is  n o t  added t o  t h e  r e t u r n  t r a n s p o r t  w a t e r  
a l though i t  is  recognized t h a t  by r a i s i n g  t h e  pH t h e  s e t t l i n g  ra te  
of t h e  mud could be inc reased .  To m e e t  t h e  l i m e  requirement of 
0 .3  pe rcen t  C a O  on b e e t  would c o s t  $8,000. 

The Ameln f a c t o r y  i s  s i t u a t e d  i n  an area of very p roduc t ive  a g r i -  
c u l t u r a l  l and ,  and s i n c e  an  area of some 30 acres would b e  r e q u i r e d  
t o  permit  n a t u r a l  p u r i f i c a t i o n  ( t h e  depth of water n o t  exceeding 1.2 
me te r s ) ,  i t  became economically a t t r ac t ive  t o  examine o t h e r  a l t e r n a -  
t ives c r i t i c a l l y .  The f a c t o r y  p a r t i c u l a r l y  had i n  mind t h a t  i f  t h e  
p o l l u t e d  w a s t e  water could b e  s u i t a b l y  t r e a t e d  i t  could then  be d i s -  
charged i n t o  a r iver.  I n  t h e  l i g h t  of t h e  i n e v i t a b l e  t i g h t e n i n g  of 
t h e  r e g u l a t i o n s  i n  Germany governing t h e  d i scha rge  of p o l l u t e d  waters, 
Ameln may claim " t o  have done t h e  necessary homework." 

The a c t i v a t e d  s ludge  p l a n t  c o n s i s t s  of a n  a e r a t i o n  tank,  a Bruckner 
c l a r i f i e r  and two V o r t a i r  a e r a t o r s  each f i t t e d  wi th  15 kw motors and 
capable  of supplying 3,000 l b s  02/kw h r .  The annual  o p e r a t i n g  c o s t  
i s  about $60,000. The a e r a t i o n  tank i s  designed f o r  a throughput 
of 4,700 ga l lons /hour  a t  a BOD level  of 2,500 ppm and al lows a res- 
idence t i m e  of 24  hours .  The c l a r i f i e r ,  made of conc re t e ,  i s  18 f e e t  
i n  diameter  and has  a c a p a c i t y  of about 12,000 g a l l o n s .  

Running c o s t s  of t h e  s ludge  p l a n t  are  e s t ima ted  t o  b e  approximately 
19C p e r  m3 of w a s t . e  water discharged o r  7C p e r  kg BOD. The d i s t r i -  
bu t ion  of t h e  c o s t s  is  a s  fo l lows :  

E l e c t r i c i t y  
Percent  

20 
Chemic a 1 s 1 7  
Labor 6 

12 Maintenance - 
Operating Costs  55 

Deprec ia t ion  (10%) 28  
1 7  I n t e r e s t  (6%) - 

100 
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Over t h e  p a s t  15 y e a r s  t h e  fol lowing measures were achieved a t  Ameln: 

\A a 

1. 

2 .  
3.  An a c t i v a t e d  s ludge p l a n t  w a s  i n s t a l l e d .  

The amount of water used w a s  d r a s t i c a l l y  reduced by 
e s t a b l i s h i n g  c losed  c y c l e s .  
Larger s t o r a g e  ponds and lagoons w e r e  provided. 

a 
TRANSPORT WATER 

APPROX.20% 70VoON BEET 
SOLIDS 

Even when t h e s e  developments were sp read  ou t  over 15 y e a r s  t h e  f inan-  
c i a l  burden on t h e  suga r  company w a s  severe. The c o s t s  of o p e r a t i n g  
t h e  a c t i v a t e d  s ludge  p l a n t  are  only a f r a c t i o n  of t h e  t o t a l  c o s t s  re- 
s u l t i n g  from the  o v e r - a l l  w a s t e  water problem. It i s  e s t ima ted  t h a t  
t h e  t o t a l  c o s t s  ( i n c l u d i n g  amor t i za t ion )  are  equ iva len t  t o  a charge 
of 24c p e r  100 kg of suga r  produced, o r  pu t  i n  ano the r  way, they re- 
p r e s e n t  a charge of 5 5 ~  pe r  m3 of w a s t e  water t r e a t e d  o r  22c p e r  kg 
of BOD removed. 

a 
9 
E 

Figure  6 is  a diagram of water flow a t  t h e  Schladen f a c t o r y ;  only 
weakly p o l l u t e d  water i s  discharged t o  t h e  channels l e a d i n g  t o  t h e  
river. Water c h a r a c t e r i s t i c s  are summarized i n  Table 3.  Condenser 
water i s  cooled i n  a sp ray  pond and recycled.  
w i t h  gas washer water and blowdown i s  discharged i n t o  Channel I1 
l e a d i n g  t o  t h e  r i v e r .  

Surplus water t o g e t h e r  

FLUME AND - 
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L A T E  
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Figure  6. Schladen f a c t o r y  waste water scheme. 
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Table 3 .  Water C h a r a c t e r i s t i c s  of t h e  Schladen f a c t o r y  (Germany). 

N a m e  of Company 
Annual b e e t  tonnage processed 
Average 24-hour tonnage 

Gross f r e s h  w a t e r  i n t a k e  

Source of f r e s h  water 
Treatment of f r e s h  water 
Type of d i f f u s e r  
Quant i ty  of water d ischarged  

processed 

ga l lons /day  

t o  r i v e r  
1. Surplus  condenser w a t e r  

as w e l l  as gas  wash w a t e r  
and blowdown 

2 .  Cooled excess condensate  

Quant i ty  of s t o r e d  water - 

Per iod  of s t o r a g e  - days 
BOD d ischarged  - l b s / t o n  b e e t  

ga l lons  

Nordharzer Sucker A .  G. 
330,000 

3,200 

1 .6  i( 106 
River  u u r  
Gravel  f i l t e r e d  
Tower, wi th  r e t u r n  of pu lp  p r e s s  water 

o r  20071 on bee t  

154% on bee t  

BOD = 22 ppm 
16% on bee t  
BOD = 48 ppm 

39 x lo6 
200 
0.05 

= 46% on b e e t  

Flume and b e e t  washer waters are de-sanded i n  two c l a s s i f i e r s  and then 
mud i s  allowed t o  s e t t l e  i n  two th i ckene r s ,  one of 50 and t h e  o t h e r  of 
44 meters diameter  and having a depth of 1.5 meters. The overf lowing 
w a t e r  passes  t o  a f u r t h e r  s e t t l i n g  b a s i n  having a capac i ty  of a lmost  
2 m i l l i o n  g a l l o n s .  

The th i ckene r s  have mechanical s c r a p e r s  and t h e  mud from them is  com- 
bined wi th  l i m e  s ludge  and pumped t o  t h e  s e t t l i n g  area. From t h e  f i r s t  
b a s i n ,  w a t e r  f lows t o  a s t o r a g e  lagoon and t h e r e  undergoes n a t u r a l  pur- 
i f i c a t i o n .  I n  August t h e  p a r t i a l l y  p u r i f i e d  water having a BOD of 300 
ppm i s  used t o  i r r i g a t e  an ad jo in ing  area of land .  

The cons t ruc t ion  c o s t s  of waste water f a c i l i t i e s  a t  Schladen a re  given 
as $250,000 and annual  ope ra t ing  c o s t s  a t  $7,500 inc lud ing  l a b o r .  

The water sheme adopted a t  t h e  Wabern f a c t o r y  i s  shown i n  F igure  7 .  
Condenser water is  cooled i n  a spray  pond and 590 percent  on b e e t  ou t  
of 600 pe rcen t  on b e e t  i s  r ecyc led .  

Surplus  condenser water and condensate  are s t o r e d  i n  a b a s i n  of 7.8 x 
10.6 g a l l o n s  capac i ty ,  and by t h e  e a r l y  p a r t  of t h e  year  fo l lowing  t h e  
campaign t h e  combined water has  undergone s e l f - p u r i f i c a t i o n  and i s  d i s -  
charged. S e e  Table 4 f o r  d e t a i l s .  

5 9  
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Figure  7 .  Wabern Factory Water Scheme. 

Transport  and b e e t  washer waters are f i r s t  l e d  t o  a s m a l l  t h i ckene r  
which i s  f i t t e d  wi th  a mechanical s c r a p e r  ( t h i s  equipment w a s  made i n  
t h e  f a c t o r y ) .  
s ludge  t o  an unused g r a v e l  p i t .  

Mud from t h e  th i ckene r  is  pumped t o g e t h e r  w i th  l i m e  

The w a t e r  from t h e  t h i c k e n e r  f lows t o  a s e t t l i n g  b a s i n  and i s  r ecyc led .  
The s e t t l i n g  b a s i n  has  t o  be cleaned ou t  every campaign a t  a c o s t  of 
$10,000. The muddy t r a n s p o r t  water a l s o  carries t h e  r egene ran t  l i q u o r s  
de r ived  from t h e  Quentin p rocess  and has  a BOD con ten t  of 3,000 ppm. 
From t h e  g r a v e l  p i t  t h e  water flows i n t o  two ponds where n a t u r a l  pur- 
i f i c a t i o n  occurs  and t h e  water g radua l ly  evaporates  and p e r c o l a t e s  
away. The t h r e e  ponds cover an area of about  12 .5  a c r e s .  

The waste water t r ea tmen t  f a c i l i t i e s  a t  Wabern are e s t ima ted  t o  have 
c o s t  $75,000 and t h e  annual o p e r a t i n g  c o s t s  are $17,509 inc lud ing  l a b o r .  
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Table 4 .  Water C h a r a c t e r i s t i c s  of t h e  Wabern Fac tory  (Germany). 

N a m e  of Company 
Annual b e e t  tonnage processed 
Average 24-hour tonnage 

Gross f r e s h  water i n t a k e  

Treatment of f r e s h  water 
Source of f r e s h  w a t e r  
Type of d i f f u s e r  

processed 

ga l lons /day  

Quant i ty  of water d ischarged  

BOD discharged - l b s / t o n  b e e t  
Quant i ty  of s t o r e d  water - 

Period of s t o r a g e  - days 

t o  river - ga l lons  

g a l l o n s  

Actien-Zuckerfabrik Wabern 
162 , 000 

1,800 

0.7 x l o 6  
Gravel f i l t e r e d  
River  Schwalm 
Tower, wi th  r e t u r n  of pu lp  p r e s s  

o r  150% on b e e t  

water 

0.54 x lo6  
0.05 

o r  116% on b e e t  

16.9 x 106 
300 t o  400 

GREAT BRITAIN 

A t  a l l  f a c t o r i e s  t r a n s p o r t  and b e e t  washer waters are r e - c i r c u l a t e d ,  
and t h e  amount of water which accumulates varies from as l i t t l e  as 
30 percent  up t o  45 'percent  on b e e t .  
t ed  f o r  t h e  d i s p o s a l  of t h e  h e a v i l y  p o l l u t e d  water remaining a f t e r  
s o i l  has  s e t t l e d  o u t .  
ers occurs  a t  f i v e  f a c t o r i e s .  

Seve ra l  methods have been adop- 

Direct d i scha rge  t o  e s t u a r i e s  o r  t o  t i d a l  riv- 

The p r i v i l e g e  of be ing  a b l e  t o  d i scha rge  h e a v i l y  p o l l u t e d  water, even 
under t h e s e  circumstances,  i s  always s u b j e c t  t o  review, and i t  is  i n  
fact  h igh ly  probable  t h a t  i n  a few y e a r s  t h e  p r a c t i c e  may b e  changed 
a t  two f a c t o r i e s .  Anything, t h e r e f o r e ,  which a f a c t o r y  can do t o  reduce 
t h e  BOD load  t o  t h e  r i v e r  is  worthy of a t t e n t i o n .  

A t  one of t h e s e  f a c t o r i e s  t h e  water from t h e  main s e t t l i n g  b a s i n  (loc- 
a l l y  known as t h e  "pulp lake" which term savor s  of t h e  bad o l d  days) 
flows through two r a t h e r  s m a l l  ponds, each about  150 yards  square ,  
b e f o r e  going t o  t h e  r i v e r .  I n  t h e  f i r s t  of t h e s e  ponds f o u r  25 hp 
s u r f a c e  a e r a t o r s  were r e c e n t l y  i n s t a l l e d ,  and a f t e r  a l a g  pe r iod  du r ing  
which a s ludge  developed, the BOD of the water l eav ing  t h e  pond w a s  
reduced from 1,200 ppm t o  350 ppm. 
a e r a t i o n  pond w a s  t rapped i n  t h e  nex t  pond. This s tudy  i s  cont inuing .  

Sludge which overflowed from t h e  

61 



Discharge t o  r ivers (non- t ida l )  of water p u r i f i e d  by t r i c k l i n g  f i l -  
ters occurs  a t  f i v e  f a c t o r i e s .  Provided that they receive a measure 
of a t t e n t i o n  t h e  t r i c k l i n g  f i l t e r s  perform s a t i s f a c t o r i l y  and read- 
i l y  produce an e f f l u e n t  s u i t a b l e  f o r  d i scha rge  t o  rivers, even where 
one of t h e  requirements  is  t h a t  t h e  BOD s h a l l  n o t  exceed 20 ppm. Care 
has t o  b e  taken,  however, t o  prevent  t h e  concen t r a t ion  of suspended 
s o l i d s  i n  t h e  e f f l u e n t  exceeding t h e  u s u a l  l i m i t  of 30 ppm, and set- 
t l i n g  tanks of improved des ign ,  which w i l l  h e l p  i n  t h i s  r e s p e c t  are 
be ing  s t u d i e d  . 
Discharge t o  r ivers (non- t ida l )  of water p u r i f i e d  by an  a c t i v a t e d  
s ludge  system occurs  a t  two f a c t o r i e s .  

The system adopted i s  t h a t  known as t h e  Passveer  Ditch and a desc r ip -  
t i o n  of t h e  p l a n t  and i t s  performance a t  the  Newark f a c t o r y  i s  given 
l a t e r  i n  t h i s  r e p o r t .  

Discharge of u n t r e a t e d  water d i r e c t  t o  municipal sewage p l a n t s  occurs  
a t  f o u r  f a c t o r i e s .  Th i s  is  a r e c e n t  development and i n  two i n s t a n c e s  
i t  has  come about through t h e  B r i t i s h  Sugar Corporation ag ree ing  t o  
pay p a r t  of t h e  i n s t a l l a t i o n  c o s t s  f o r  new municipal sewage p l a n t s .  To 
one l o c a l  body t h e  sum pa id  w a s  $67,200 and t o  ano the r  $75,000, and 
i n  r e t u r n  t h e  two f a c t o r i e s  concerned are pe rmi t t ed  t o  put  t h e i r  e f f -  
l u e n t s  i n t o  t h e  sewers without  charge provided t h a t  on any one day t h e  
load a p p l i e d  does no t  exceed 300 pounds of BOD. Under t h i s  scheme 
one f a c t o r y  has  discharged 29 m i l l i o n  g a l l o n s  of w a s t e  water i n  one 
y e a r .  

A t  two o t h e r  c e n t e r s  t h e  l o c a l  a u t h o r i t i e s  have granted permission f o r  
t h e  f a c t o r i e s  t o  pu t  t h e i r  waste waters i n t o  t h e  sewers mainly a t  
n i g h t ,  and f o r  t h i s  s e r v i c e  they l e v y  a charge which a t  one f a c t o r y  
has  amounted t o  $115 f o r  about 1 m i l l i o n  g a l l o n s .  It is  r e q u i r e d  
t h a t  t h e  pH of t h e  e f f l u e n t  be ing  p u t  i n t o  the sewer should b e  be- 
tween s i x  and n i n e ,  

Discharge by p e r c o l a t i o n  i n t o  chalk occurs  a t  one f a c t o r y .  This  
unusual method of d i s p o s a l  is  of cour se  c a r r i e d  o u t  w i th  t h e  appro- 
va l  of t h e  l o c a l  a u t h o r i t i e s  who are  s a t i s f i e d  t h a t  no contamination 
of underground water sou rces  is p o s s i b l e .  
s t o r a g e  lagoon is  p u r i f i e d  through two t r i c k l i n g  f i l t e r s  o p e r a t i n g  
i n  series ( s e e  Table 5) ;  t h e  arrangement of t h e  f i l t e r s  and humus 
tanks i s  shown i n  F i g u r e  8. 

Water from t h e  Ely f a c t o r y  

It has  a l s o  proved worthwhile t o  have a s m a l l  a e r a t i o n  pond ahead of 
t h e  b i o l o g i c a l  f i l t e r s .  
f e d  i n t o  t h i s  pond. Approximately % t on  of  l ime/day i s  added t o  t h e  
waste water b e f o r e  s e t t l i n g ,  as t h i s  amount w i l l  r e g u l a t e  t h e  pH a t  
6.5 t o  6 .8  of t h e  water r e t u r n i n g  t o  t h e  f a c t o r y .  

S i x  pounds/day of diammonium phosphate i s  
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Table 5. Water C h a r a c t e r i s t i c s  of t h e  Ely Fac to ry  (Great B r i t a i n ) .  

N a m e  of company 
Typical  d a t e s  of campaign 
Annual b e e t  tonnage processed 
Average 24-hour tonnage 

Source of f r e s h  water 
Treatment of f r e s h  water 
Type of d i f f u s e r  
Volume of e f f l u e n t  discharged/  

t ons  of b e e t  s l i c e d  
Concentrat ion of BOD i n  

e f f l u e n t  discharged 
Quant i ty  of water discharged/  

processed 

day 

Period of s t o r a g e  - days 

Bri t ish Sugar Corporat ion L td .  
September 21  t o  February 1 
500,000 

4,100 
River Ouse 
None 
1 RT wi th  r e t u r n  of pulp p r e s s  w a t e r  

110 g a l l o n s  

<20 ppm 

Minimum 12,000 g a l l o n s  
Maximum 400,000 g a l l o n s  
Up t o  300 

The p o l l u t e d  water which accumulates from t o t a l  re-use of flume and wash 
waters is  p u r i f i e d  through two t r i c k l i n g  f i l t e r s  which today would c o s t  
$110,000. The annual  o p e r a t i n g  charges are $10,000. 

Water from t h e  Newark f a c t o r y  s t o r a g e  lagoon i s  p u r i f i e d  by an  activ- 
a t e d  s ludge  b i o l o g i c a l  p rocess  c a r r i e d  o u t  i n  a Passveer Di t ch .  The 
p rocess  is  desc r ibed  i n  Table 6. The water  scheme a t  t h e  Newark fac-  
t o r y  i s  shown i n  F igu re  9.  The l a y o u t  of a l a r g e  Passveer Ditch i n -  
s t a l l e d  a t  t h e  Wissington f a c t o r y  i s  shown i n  Figure 10. 

A t  Newark milk of l i m e  is  added t o  the  water l e a v i n g  t h e  c l a r i f i e r - -  
a s u f f i c i e n t  amount i s  added t o  ma in ta in  t h e  pH a t  about 6.0 t o  7.0,  
and c h l o r i n e  is  added t o  t h e  water r e t u r n i n g  t o  t h e  f a c t o r y .  

I n  1957 0.  H. Phipps e s t ima ted  t h e  annual  c o s t  t o  t h e  B r i t i s h  Sugar 
Corporation, which w a s  t hen  conve r t ing  from p a r t i a l  re-use t o  complete 
,e-use of waste waters, a t  about $600,000. This  estimate covered t h e  
c o s t s  f o r  t h e  whole of t h e  18 f a c t o r i e s  most of which had a l r e a d y  gone 
over t o  p a r t i a l  re-use.  

A t  t h e  Newark f a c t o r y  flume and waste waters are r ecyc led  and t h e  pol- 
l u t e d  water which accumulates is p u r i f i e d  by an  a c t i v a t e d  s ludge  pro- 
ces s .  Condenser water i s  r ecyc led  a f t e r  pas s ing  through a coo l ing  tow- 
er. 

The c o s t s  of i n s t a l l i n g  t h e  necessa ry  equipment during t h e  l a s t  few 
yea r s  w e r e  as fo l lows :  
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0 CENTRIFUGAL PUMP 

& FLOW METER 

W VALVE 

Figure  8. B i o l o g i c a l  F i l t e r  Flow f o r  E f f l u e n t  Treatment, Ely Fac tory .  
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Dorr Ol iver  C l a r i f i e r  (120 f e e t  diameter)  
Drag sc reen ,  s t o n e  c a t c h e r ,  p i p e l i n e r s ,  

pumps, t ank  f o r  r e c i r c u l a t i o n  of water  
i n  tare house 

Passveer  Oxidat ion Di tch  
Ch lo r ina to r  
Cooling tower 

$65,300 

49,000 
47,800 

1,600 
24,000 

$187 , 700 

I 1 

J 
w 
2 z 
I 
0 
a 

Figure  9 .  Newark Fac tory  Waste Water Scheme. 
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Table-6 .  Water C h a r a c t e r i s t i c s  of t h e  Newark Fac tory  (Great B r i t a i n ) .  

N a m e  of company 
Typica l  d a t e s  of campaign 
Annual b e e t  tonnage processed 
Average 24-hour tonnage 

Source of f r e s h  water 
Treatment of f r e s h  water 
Type of d i f f u s e r  

processed 

Volume of e f f l u e n t  d i s -  
charged/ ton b e e t s  s l i c e d  

Concentrat ion of BOD i n  
e f f l u e n t  discharged 

Quant i ty  of water d ischarged/  

Quant i ty  of s t o r e d  water - 
Per iod  of s t o r a g e  - days 
BOD discharged - lbs /day  

day 

g a l l o n s  

B r i t i s h  Sugar Corporat ion Ltd. 
September 26 t o  February 1 
230 , 000 

1,850 
River Trent  
None 
B a t t e r y ,  opera ted  wi th  r e t u r n  of 

d i f f u s i o n  and pulp  p r e s s  waters 

117 ga l lons  

Average 168,000 g a l l o n s  

27  x 136 
300 
4 

Figure  10. Wissington f a c t o r y  Passveer  ox ida t ion  d i t c h .  

6 6  



A Passveer  Oxidat ion Di tch  has  been i n s t a l l e d  a t  the Wissington Fac- 
t o ry  a t  a t o t a l  c o s t  of $96,000 which inc ludes  r o t o r s ,  pumps, meters, 
pump house,  p ip ing ,  l i n i n g  of d i t c h  w i t h  0.03 inch  t h i c k  Butyl  rub- 
b e r  s h e e t i n g  and b u i l d i n g  of banks.  
d i t c h  w i l l  be  5 f e e t  and t h e  c a p a c i t y  a t  t h a t  level w i l l  b e  772,000 
ga l lons ,  i .e. approximately t h r e e  t i m e s  as g r e a t  as t h a t  of t h e  d i t c h  
a t  Newark. 
tons/day over  t h e  nex t  3 yea r s .  

The normal water level  i n  t h e  

The s l i c e  i s  t o  increase from 3,000 tons/day t o  7,000 

NETHERLANDS 

Information r e l a t i n g  t o  t h e  Nether lands w a s  supp l i ed  by Ir. R. 
Vletter whose company, N. V .  Central Suiker  Maatschappij  p rocesses  
a t  s i x  f a c t o r i e s  38 pe rcen t  of t h e  suga rbee t s  grown i n  t h e  Nether- 
l ands .  

A t  t h e  p r e s e n t  t i m e  no s t a t u t o r y  r e g u l a t i o n s  exis t  governing t h e  ab- 
s t r a c t i o n  of water o r  t h e  d i scha rge  of p o l l u t e d  waters, b u t  i t  i s  
a n t i c i p a t e d  t h a t  by 1971 i n d u s t r y  and l o c a l  a u t h o r i t i e s  w i l l  b e  sub- 
j ec t  t o  new l e g i s l a t i o n .  
dependent upon t h e  p o l l u t i o n  load  be ing  discharged i n t o  Nat iona l  
Waters, i . e .  r i v e r s  o r  l a r g e  cana l s ,  and t h e  degree of p o l l u t i o n  w i l l  
n o t  b e  a s ses sed  on BOD, b u t  on de te rmina t ions  of COD and n i t rogen .  
The popula t ion  equ iva len t  i s  t o  b e  c a l c u l a t e d  on t h e  b a s i s :  

In a l l  p r o b a b i l i t y  levies w i l l  b e  imposed 

p .e .  = COD + 4.57N ( i n  mg/l) 
180 

A t  t h e  Breda f a c t o r y ,  f o r  which l i m i t e d  informat ion  on water usage 
i s  r epor t ed  ( s e e  Table  7 ) ,  t h e  water flowing ou t  from t h e  one l a r g e  
s e t t l i n g  b a s i n  has  up t o  now been discharged wi thout  t rea tment  i n t o  
t h e  River  Mark. 
up a l a r g e  p i t  l e f t  from sand workings. 

The s e t t l e d  mud i s  excavated y e a r l y  and used t o  f i l l  

For t h e  1969-70 campaign a Bruckner th i ckene r  o r  c l a r i f i e r  has  been 
i n s t a l l e d  a t  a c o s t  of $415,000, which inc ludes  t h e  necessary  ser- 
v i c e s  f o r  t h e  r e t u r n  of water from t h e  th i ckene r .  

Beet t r a n s p o r t  and washer waters w i l l  pa s s  over  a v i b r a t i n g  sc reen ,  
(4 mm a p e r t u r e s )  then  t o  a Baum and Schre iber  C l a s s i f i e r  f o r  t h e  sep- 
a r a t i o n  of s t o n e s  and ta i l s  and f i n a l l y  t o  another  v i b r a t i n g  sc reen .  
The muddy water w i l l  t hen  go t o  t h e  Bruckner th i ckene r  (72 m dia-  
meter--capacity 235,800 g a l l o n s ) ,  and from t h e r e  t h e  mud w i l l  b e  
pumped t o  a lagoon. The s e t t l e d  water w i l l  b e  a e r a t e d  us ing  fou r  
f l o a t i n g  Simcar Aera to r s ,  each of 50 hp. This  s tudy  is  t o  b e  car -  
r i e d  ou t  i n  conjunct ion  wi th  t h e  government a u t h o r i t i e s .  During 
t h e s e  t r i a l s  t h e  a u t h o r i t i e s  have agreed t h a t  p r e s s  pulp water and 
d i f f u s i o n  water can be d ischarged  d i r e c t l y  t o  t h e  r iver,  a p r a c t i c e  
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Table 7.  Water c h a r a c t e r i s t i c s  of t h e  Breda f a c t o r y  (Nether lands) .  

Annual b e e t  tonnage processed 
Average 24-hour tonnage pro- 

Type of d i f f u s e r  
cessed 

Dai ly  water i n t a k e  

Condenser water 
1,000 gal lons/day 

Flume + b e e t  washer water 

Period of s t o r a g e  

Quant i ty  of water discharged- 

BOD discharged - l b s / t o n  b e e t  
g a l l o n s  (up t o  1969) 

350,000 

4,500 
B a t t e r y  - 2 .  A t  p r e s e n t  pulp p r e s s  

water and d i f f u s i o n  w a t e r  are d i s -  
carded,  b u t  i n  1970 continuous 
d i f f u s e r s  w i l l  b e  i n s t a l l e d  and 
then  pulp p r e s s  water w i l l  b e  re- 
turned t o  t h e  d i f f u s e r .  

9,000 + 800 f o r  t h e  d i f f u s e r s  
Re-used f o r  b e e t  flumes and then  

discharged 
A t  p r e s e n t  discharged t o  one l a r g e  

30-acre b a s i n ;  depth 26 f e e t .  
Several months i n  a l l  b u t  g radua l ly  

discharged t o  the  River  Mark. 

3,80O/ton b e e t s  
6.7 

which w i l l  b e  discont inued when a continuous d i f f u s e r  is  o p e r a t i v e  
i n  t h e  1970-71 campaign. 

It i s  proposed t o  add l i m e  t o  t h e  water coming from t h e  th i ckene r  
t o  a d j u s t  t h e  pH t o  8.0. Ch lo r ine  w i l l  b e  added t o  t h e  water which 
is  r e t u r n e d  t o  t h e  f a c t o r y .  

During t h e  1969-70 campaign M r .  de Vletter hopes t o  s tudy  i n  some 
d e t a i l  t h e  l o s s  of suga r  from b e e t s  du r ing  washing, u s ing  v a r i o u s  
designs of a g i t a t o r s  i n  t h e  washers. A t  t h e  f a c t o r y  of Sass van 
Gent a new b e e t  washer has  been i n s t a l l e d ,  and s i n c e  t h i s  has  been 
s p e c i a l l y  designed t o  m e e t  t h e  f a c t o r y  c a p a c i t y ,  i t s  performance 
w i l l  b e  examined c a r e f u l l y .  

BELGIUM 

J .  Henry of t h e  R a f f i n e r i e  T i r l emon to i se  pu t  forward estimates of 
c o s t s  f o r  a 4,800 ton/day f a c t o r y  i n  Belgium as fo l lows :  

a .  C a p i t a l  c o s t  f o r :  
1. Condenser water coo l ing  tower $200,000 

e t c .  100,000 
2 .  Flume and wash waters c l a r i f i c a t i o n ,  
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b .  Annual maintenance f o r :  
1 .- Condenser system 
2. Flume and wash waters system 

c. Annual o p e r a t i n g  c o s t s :  
1. Power and chemicals 

1,000 
70,000 

70,000 

FRANCE 

I n q u i r i e s  addressed t o  M r .  P .  Devillers and t o  M r .  J. Geno te l l e  
f a i l e d  t o  e l i c i t  information on waste water matters f o r  p a r t i c u l a r  
suga rbee t  f a c t o r i e s  i n  France,  b u t  information of gene ra l  i n t e r e s t  
w a s  made a v a i l a b l e .  
w i l l  r e q u i r e  a l l  French suga rbee t  f a c t o r i e s  t o  take a p p r o p r i a t e  
a c t i o n  t o  re-use waters and t o  avoid p u t t i n g  waste waters i n t o  r i v e r s  
o r  o t h e r  n a t u r a l  waters. 

L e g i s l a t i o n  i s  now o p e r a t i v e  i n  France which 

M r .  P.  D e v i l l e r s ,  Head of t h e  Technical  Se rv ices  of t he  Syndicat N a t -  
i o n a l  des  F a b r i c a n t s  de  Sucre,  has  po in t ed  out  i n  an a r t i c l e  i n  
S u c r e r i e  F r a n c a i s e  t h a t  charges  are t o  b e  l e v i e d  (1) f o r  water ab- 
s t r a c t e d  which w i l l  va ry  according t o  r eg ion  and may range from 0 
t o  2C p e r  M3, and ( 2 )  f o r  p o l l u t i o n  which may c o s t  from $8 t o  $12 
p e r  t on  of BOD. M r .  Devillers est imated t h a t  a f a c t o r y  processing 
3,000 t o n s  of bee t s /day  could b e  l i a b l e  t o  levies amounting t o  be- 
tween $25,000 and $40,000 p e r  campaign; f o r  t h e  French sugarbeet  
i n d u s t r y  as a whole t h e  annual charge might amount t o  more than 
$2,300,000. However, t h e  i n d u s t r y  i s  o f f e r e d  f i n a n c i a l  i n c e n t i v e s  
t o  t a k e  t h e  a c t i o n  t h a t  i s  necessa ry  t o  avoid t h e  p e n a l t i e s :  t h e  
a u t h o r i t i e s  are prepared t o  m e e t  50 pe rcen t  of t h e  c o s t s  of i n s t a l -  
l i n g  equipment which w i l l  both minimize water usage and a l s o  pre- 
ven t  t h e  d i scha rge  of p o l l u t e d  e f f l u e n t s .  This  would apply only t o  
c e r t a i n  i n s t a l l a t i o n s  and would n o t  apply,  f o r  i n s t a n c e ,  t o  a coo l ing  
tower. 

I n  h i s  a r t i c l e  D e v i l l e r s  l i s t s  c o s t s  f o r  p a r t i c u l a r  i t e m s  which may 
have t o  b e  provided by, f o r  example, a 3,000 ton/day f a c t o r y :  

Cooling of condenser water $ 44,000 
Mud th i ckene r  of c l a r i f i e r  230,000 
Pumping mud t o  lagoons over 2 km 41,000 

10,000 Pumping l i m e  cake 800 M 

Even i f  t h e  f a c t o r y  a l r e a d y  had a c l a r i f i e r  i t  could n e v e r t h e l e s s  be 
faced wi th  an  expend i tu re  of t h e  o r d e r  of $95,000. 

It would s e e m  t h a t  t h e r e  are suga r  f a c t o r i e s  i n  France which s t i l l  
d i scha rge  d i f f u s i o n  and p r e s s  waters, and t h i s  p r a c t i c e  w i l l  obvious- 
l y  have t o  b e  s topped.  I n  some y e a r s  French f a c t o r i e s  may have a n  
average d i r t  tare as h igh  as 50 t o  70 p e r c e n t ,  and i t  is  po in ted  o u t  
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t h a t  t h i s  s i t u a t i o n  could be improved e i t h e r  by encouraging c l ean ing  
on t h e - f i e l d  o r  by r e t u r n i n g  s o i l  t o  growers a t  t h e  t i m e  of d e l i v e r y .  
It would appear t o  b e  p e r m i s s i b l e  f o r  some French f a c t o r i e s  t o  pu t  
s e t t l e d  flume and b e e t  washer waters on land which i s  permeable and 
has  a s t r u c t u r e  such t h a t  n a t u r a l  p u r i f i c a t i o n  w i l l  occur during seep- 
age.  Under t h e s e  s p e c i a l  cond i t ions  s a t i s f a c t o r y  r e s u l t s  are s a i d  t o  
b e  ob ta ined  wi th  water having an average level  of BOD of 600 ppm. It 
i s  c a l c u l a t e d  t h a t  t h e  o p e r a t i o n  w i l l  apply t o  t h e  l and  an amount of 
potassium equ iva len t  t o  about 1 ton  of potassium pe r  a c r e  pe r  campaign. 
I n  p r i n c i p l e ,  p r e f e c t o r i a l  a u t h o r i z a t i o n  i s  necessa ry  t o  d i spose  of 
t h e  water i n  t h i s  way. 

SWEDEN 

Information r e l a t i n g  t o  Sweden w a s  supp l i ed  by Civ. Ing. 0.  Wiklund, 
The Research Department of t h e  Swedish Sugar Company, Ar lbv ,  Sweden. 

A c e n t r a l  a u t h o r i t y ,  S t a t e n s  Naturvard-Sverk o r  S t a t e  Board f o r  t h e  
P r e s e r v a t i o n  of Nature,  admin i s t e r s  l a w s  which w e r e  formulated as 
r e c e n t l y  as 1967 and became e f f e c t i v e  i n  J u l y ,  1969. These l a w s  
r e q u i r e  t h a t  suga rbee t  f a c t o r i e s ,  as w e l l  as i n d u s t r y ,  g e n e r a l l y  must 
have permission t o  a b s t r a c t  and d i spose  of water. 
g ran ted ,  is  s u b j e c t  t o  review a f t e r  f o u r  y e a r s ,  and i n  t h e  i n t e r i m  
pe r iod  f a c t o r i e s  are r e q u i r e d  t o  m e e t  whatever c o s t s  may be neces- 
s a r y  t o  b r i n g  about improvements i n  t h e i r  usage and d i s p o s a l  of water. 

Permission, when 

A l l  of t h e  Swedish suga r  f a c t o r i e s  have continuous d i f f u s e r s .  Two 
of them, Kopingebro and Jordberga,  are s u f f i c i e n t l y  nea r  t o  t h e  c o a s t  
s o  t h a t  a f t e r  s e t t l e m e n t  of s o i l  i n  lagoons they can d i scha rge  s u r p l u s  
w a t e r  i n t o  the  sea. 

O r t o f t a  f o r  which d e t a i l s  are r e p o r t e d  is  n o t  i n  such a s i t u a t i o n  and 
t h e r e f o r e  i t  has  e s t a b l i s h e d  c losed  c y c l e s  f o r  t r a n s p o r t  and b e e t  wash 
waters, and i t  r e c y c l e s  condenser w a t e r .  The q u a n t i t y  of water accumu- 
l a t e d  i s  about  87 pe rcen t  on b e e t .  This  h igh  p ropor t ion  is  i n  accord 
wi th  t h e  BOD of t h e  s u r p l u s  water being about  1,300 ppm. The main 
cour se  of e n t r y  i n t o  t h e  f a c t o r y ,  a p a r t  from t h a t  brought i n  wi th  t h e  
b e e t ,  i s  through t h e  coo l ing  systems, and p a r t  of t h e  w a t e r  from t h e  
coo l ing  tower pas ses  i n t o  t h e  t r a n s p o r t  w a t e r  having been used t o  
sp ray  t h e  b e e t s  a f t e r  they emerge from t h e  washer. No c h l o r i n e  i s  
added t o  t h e  water going t o  t h e  coo l ing  tower, b u t  i n  amounts which 
range from 213g t o  77g/ton b e e t  a t  O r t o f t a  and Kopingebro, respec- 
t i v e l y ,  c h l o r i n e  is  added t o  t h e  water r e t u r n i n g  t o  t h e  f a c t o r y  from 
t h e  Passavant Thickener.  

A f t e r  s e p a r a t i o n  of sand and mud, t h e  s u r p l u s  water i s  s t o r e d  i n  two 
ponds occupying an area of about  19 acres. 
ponds i s  about 15.5 f e e t  so  t h a t  they are h i g h l y  anae rob ic .  From 
t h e s e  deep ponds t h e  w a t e r  passes  i n t o  t h r e e  shal low a e r a t i o n  ponds 

The depth of water i n  t h e s e  
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( 3 . 3  f e e t  deep) ,  where through sp ray ing  and by t h e  a c t i o n  of s u r f a c e  
a e r a t o r s ,  t h e  BOD is  brought down t o  about 45 ppm, a t  which l e v e l  
d i scha rge  t o  t h e  r iver i s  pe rmis s ib l e .  

The Research Department of t h e  Swedish Sugar Company h a s  c a r r i e d  out  
ex tens ive  s t u d i e s  on waste waters wi th  a p i l o t  scale a c t i v a t e d  s ludge  
system, and t h e  r e s u l t s  are t o  be found i n  work r e p o r t e d  by Wiklund, 
e t  a l .  (11). Confirming t h e  experiences of Ameln i t  w a s  found t o  b e  
b e n e f i c i a l  t o  add t o  f a c t o r y  waste waters ammonium s a l t s  and disodium 
phosphate (Na2 € P O 4  ).  No Swedish f a c t o r y  has  y e t  i n s t a l l e d  an  act i -  
va t ed  s ludge  p l a n t .  M r .  Wiklund expressed cons ide rab le  i n t e r e s t  i n  a 
paper ,  "The Anaerobic F i l t e r  f o r  Waste Treatment", p re sen ted  by J . C .  
Young and P. L. McCarty of Stanford Un ive r s i ty  C i v i l  Engineering De- 
partment t o  t h e  22nd Conference (1967) on I n d u s t r i a l  Waste. When 
a r o c k - f i l l e d  bed, similar t o  an a e r o b i c  t r i c k l i n g  f i l t e r  w a s  f e d  
from below, t h e  S tan fo rd  i n v e s t i g a t o r s  ob ta ined  good removal of or- 
ganic  matter and an e f f l u e n t  p r a c t i c a l l y  f r e e  from suspended so l3ds .  
To o b t a i n  an  e f f l u e n t  f r e e  from s ludge  is  a n  a t t rac t ive  a i m ,  b u t  i t  
must b e  pointed ou t  t h a t  i f  t h e  anae rob ic  p rocess  were app l i ed  t o  
suga rbee t  f a c t o r y  waste waters, very a p p r e c i a b l e  q u a n t i t i e s  of s u l -  
phide would be formed by t h e  r e d u c t i o n  of su lpha te .  

A t  t h e  O r t o f t a  f a c t o r y ,  water from t h e  t h r e e  mud ponds, each of which 
i s  f i l l e d  i n  t u r n ,  pas ses  t o  a l a r g e  lagoon where anae rob ic  condi- 
t i o n s  p r e v a i l .  (See Table 8 ) .  F i n a l l y ,  98 pe rcen t  e l i m i n a t i o n  of 
BOD i s  accomplished by a e r a t i o n  through sp ray ing  and through mechan- 
i c a l  a g i t a t i o n  i n  t h r e e  shal low ponds. 

A schematic r e p r e s e n t a t i o n  of t h e  waste water system is  a t t a c h e d  
(F igu re  11). 
pumped t o  a meadow f o r  u l t i m a t e  reclamation.  

By agreement w i t h  a farmer s o i l  from t h e  mud ponds i s  

Condenser water i s  cooled by fo rced  v e n t i l a t i o n  i n  a tower. A por- 
t i o n  of t h e  condenser water i s  used as a sp ray  on t h e  b e e t s  coming 
from t h e  washer,  .and t h i s  pas ses  i n t o  t h e  b e e t  t r a n s p o r t  w a t e r .  

L i m e  s ludge  i s  conveyed without  a d d i t i o n  of water by means of a pump 
and a i r  i n j e c t i o n  a p p l i e d  i n t e r m i t t e n t l y  i n t o  t h e  p i p e l i n e  c a r r y i n g  
t h e  thickened mud. 

A t  t h e  O r t o f t a  Fac to ry  t h e  est imated c o s t  of conve r t ing  t o  re-use 
of w a s t e  water w a s  g iven  as $600,000 wi th  annual o p e r a t i n g  c o s t s  as 
$9,000. 

SWITZERLAND 

Information on t h e  scheme shown i n  F igu re  12  w a s  k ind ly  supp l i ed  by 
t h e  Aarberg f a c t o r y  manager, Civ. e l .  Ing. P. Reichen. 
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Table 8.- Water C h a r a c t e r i s t i c s  of t h e  O r t o f t a  Factory (Sweden). 

N a m e  of company 
Typical  d a t e s  of campaign 
Annual b e e t  tonnage processed 
Average 24-hour tonnage 

Source of f r e s h  water 
Gross f r e s h  water i n t a k e  

1,000 ga l lons lday  
Treatment b e f o r e  use 
Type of d i f f u s e r  

processed 

Estimated c o s t  of waste w a t e r  
t reatment  f a c i l i t i e s  

Annual o p e r a t i n g  c o s t s  
Volume of e f f l u e n t  discharged1 

ton  b e e t  s l i c e d  
Amount of BOD d i s c h a r g e d l  

ton b e e t  s l i c e d  
Concentrat ion of BOD i n  

e f f l u e n t  discharged 
Volume of w a s t e  w a t e r  s t o r e d  - 

g a l l o n s  
Length of s t o r a g e  
Period of d i scha rge  

Volume of water dischargedlday 

Svenska Sockerfabriks  AB 
October 2 t o  December 23 
409,800 m e t r i c  t ons  

5 ,08OS.metric t ons  
River Kavlinge 

7 86 
None 
2 DDS continuous types wi th  t o t a l  

1 

r e c y c l i n g  of pulp p r e s s  water 

$600 , 000 
$ 9,000 

233 g a l l o n s  

0.088 pounds 

45 PPm 

91.7 x 105 
Approximately 260  days 
112 days,  i .e.  from l a t e  May t o  

851,500 g a l l o n s  
September 

The Aarberg f a c t o r y  has an  average d a i l y  s l i ce  of 2,880 tons  and pro- 
c e s s e s  about 250,000 tons  b e e t  p e r  campaign. 
tween 10 and 12 pe rcen t  b u t  may a t  t i m e s  reach 40 p e r c e n t .  

D i r t  tare averages be- 

Transport  and wash waters are f e d  i n t o  a r e c t a n g u l a r  shaped von R o l l  
(Swiss) c l a r i f i e r  having two s e c t i o n s  through which w a t e r  f lows i n  
p a r a l l e l .  The c l a r i f i e r  has  a c a p a c i t y  of 325,000 g a l l o n s  and c o s t  
t h e  equ iva len t  of $150,000 which included a l l  c o n c r e t e  work, machin- 
e r y ,  pumps and a c o n t r o l  b u i l d i n g .  

Flume and b e e t  washer waters are screened t o  s e p a r a t e  small p i eces  
of b e e t ,  and mud i s  sepa ra t ed  i n  a Passavant c l a r i f i e r .  Before re- 
t u r n  t o  t h e  f a c t o r y ,  c h l o r i n e  is  added t o  t h e  water. 
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FROM FACTORY I 

A R E A  

STORAGE ACRES 
LAGOON 

19 

CHLORINE I 

D E P T H  VOLUME 

FEET 106 GAL 

15.5 93.6 

TO FACTORY 

SETTLING 
POND 

1.4 ACRES 

1 
STORAGE 

LAGOON 

I9 ACRES 

I 

AERATION 
BASINS 

PONDS POND 
2.84  ACRES 

1.4 3.5 I. 5 
4.0 3.5 4 . 2  
I. 7 3 . 5  1.8 

AERATION 
BASINS 

1.4 ACRES 
4.0 ACRES 
I.7ACRES 

RIVER 

To 1 
WASTE WATER SCHEME. 6RTOFTA 

Figure  11. Waste Water Scheme, O r t o f t a .  

The s e t t l e d  mud i s  pushed t o  one end of t h e  c l a r i f i e r  from where i t  i s  
t r a n s f e r r e d  t o  a bunker. Here i t  is  mixed wi th  l i m e  s ludge  (which i s  
t r a n s f e r r e d  from t h e  r o t a r y  f i l t e r s  without  water a d d i t i o n ) ,  and to- 
g e t h e r  t h e  s o i l  and s ludge are pumped a t  a rate of about 30,000 g a l l o n s /  
hour through a p i p e  of 150 mm diameter t o  mud ponds 1.5 t o  2 . 5  km d i s -  
t an t  from t h e  f a c t o r y .  

The a d d i t i o n  of t h e  l i m e  cake t o g e t h e r  w i th  a s m a l l  amount of l i m e  
maintains  t h e  water i n  t h e  c l a r i f i e r  a t  a pH of 11 t o  12. The l i m e  
which is  used i s  simply t h a t  which accompanies t h e  sand and very f i n e  
waste l i m e  t h a t  are s e p a r a t e d  from t h e  mi lk  of l i m e  a f t e r  i t  leaves 
t h e  s l a k e r .  The overflow from t h e  c l a r i f i e r  goes t o  a b a s i n  of 
208,000 g a l l o n s  capac i ty ,  and from t h e s e  i t  i s  pumped back t o  t h e  
flume and wash water systems. 
1,800 ppm, b u t  because t h e  pH i s  always kept  a t  a h igh  level ,  no un- 
p l e a s a n t  s m e l l  develops.  De-scaling of pumps i s  necessary from t i m e  
t o  t i m e .  

The BOD of t h e  water b u i l d s  up t o  about 
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Figure  12. Aarberg Factory Water Scheme. 

Aarberg f a c t o r y  i s  s i t u a t e d  i n  a r eg ion  where land  i s  s c a r c e  and what 
i s  a v a i l a b l e  i s  very  expensive,  and under t h e s e  circumstances t h e  fac-  
t o r y  cannot s t o r e  i t s  waste water on a l a r g e  scale. 
owners of l and  s i t u a t e d  1.5 t o  2 .5  km from t h e  f a c t o r y  a re  prepared t o  
a l low s o i l  t o  b e  depos i ted  on certain areas provided t h a t  t h e s e  are 
subsequent ly  dra ined  and quick ly  rendered s u i t a b l e  f o r  rec lamat ion  f o r  
a g r i c u l t u r a l  purposes .  It is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s u b s o i l  i n  
t h e  pond areas is g r a v e l ,  and a f t e r  t h e  f a c t o r y  had dug o u t  t h e  ponds 
f o r  t h e  r e c e p t i o n  of s o i l ,  i t  w a s  ob l iged  t o  l i n e  them w i t h  c l a y  s o  as 
t o  avoid t h e  p o s s i b i l i t y  of contaminat ing t h e  s u p p l i e s  of domestic 
water which a r e  pumped from w e l l s  nearby.  

Fo r tuna te ly  t h e  

Water f r e e  from s o i l  i s  pumped from t h e  s e t t l i n g  ponds t o  an  a c t i v a t e d  
s ludge  p l a n t  where i t  undergoes s u b s t a n t i a l  p u r i f i c a t i o n  ( a t  t i m e s  as 
much as 96 t o  98 pe rcen t  of t h e  BOD is  removed), and a f t e r  s e p a r a t i o n  
of s ludge ,  t h e  t r e a t e d  water i s  p iped  about  0.5 km t o  another  a c t i v a t e d  
s ludge  p l a n t  belonging t o  t h e  communities of Aarberg and Lyss.  
t h e  water toge the r  wi th  l o c a l  sewage i s  p u r i f i e d  and rendered s u i t a b l e  
f o r  d i scharge  i n t o  t h e  r i v e r ,  t h e  A l t e  Aare. 
s u b s t a n t i a l  sum of $296,000 toward t h e  c o s t  of t h e  municipal  p l a n t ,  
t h e  sugar  f a c t o r y  pays only  a nominal charge f o r  t h e  p r i v i l e g e  of 
p u t t i n g  i t s  f i n a l  e f f l u e n t  i n t o  t h e  sewage treatment p l a n t .  

Here 

Having con t r ibu ted  t h e  
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The a c t i v a t e d  s ludge  p l a n t  belonging t o  t h e  f a c t o r y  c o s t  $342,000 and 
i s  comprised of t h r e e  conc re t e  b a s i n s ,  two f o r  a e r a t o r s  and one f o r  
c l a r i f i c a t i o n  by s e t t l i n g .  The l a r g e s t  a e r a t i o n  bas in ,  measuring 13.5 
x 104 x 2 meters, i s  f i t t e d  w i t h  seven Lurgi  V o r t a i r  a e r a t o r s ,  each 
capable  of i n t roduc ing  about  1 ton  of oxygen pe r  day i n t o  t h e  water. 

Sludge and water pas s  from t h e  l a r g e  a e r a t i n g  b a s i n  t o  a s imi la r  ba- 
s i n  i n  p a r a l l e l  wi th  t h e  f i r s t  and conta in ing  f o u r  V o r t a i r  a e r a t o r s .  
From h e r e  water and s ludge  pass  t o  a s e t t l i n g  b a s i n  measuring 8 x 
43 x 2 meters and having a c e n t r a l  channel i n  t h e  bottom from where 
t h e  excess  s ludge  which s e t t l e s  o u t  i s  pumped away t o  t h e  s o i l  ponds. 
Provis ion  is  a l s o  made f o r  s ludge  t o  b e  r e tu rned  t o  t h e  a e r a t i o n  ba- 
s i n s .  P u r i f i e d  water which overflows from t h e  c l a r i f i e r  i s  conveyed 
t o  t h e  municipal  sewage t rea tment  p l a n t .  It i s  aimed t o  reduce t h e  
BOD of t h e  water i n  t h e  f a c t o r y  p l a n t  t o  about  t he  l e v e l  of normal 
domestic w a s t e ,  bu t  even i f  a t  t i m e s  t h i s  i s  n o t  achieved,  neverthe-  
less, t h e  municipal  p l a n t  has  t h e  necessary  capac i ty .  

Addit ions of diammonium phosphate and u rea  are made t o  t h e  ingoing 
waste water a t  t h e  f a c t o r y  p l a n t  s i n c e  t h e s e  are found t o  enhance t h e  
a c t i v i t y  of t h e  s ludge .  The need f o r  phosphate and f o r  n i t r o g e n  i n  
a c t i v a t e d  s ludge  systems has  f r e q u e n t l y  been observed, and i t  is  a l s o  
common experience t h a t  a c t i v e  s ludge  i s  r a t h e r  slow t o  develop i n  
sugar  f a c t o r y  waste waters. This  d i f f i c u l t y  has  been overcome a t  
Aarberg by s t a r t i n g  t h e  p l a n t  about  a week be fo re  t h e  beginning of 
t h e  campaign, t h e  a e r a t i o n  b a s i n s  having been f i l l e d  wi th  a d i l u t e  
s o l u t i o n  made from between 8 and 10 tons  of molasses.  

SUMMARY 

It is  evident  t h a t  some sugarbee t  f a c t o r i e s  have succeeded when work- 
ing  wi th  a c losed  system i n  reducing t h e  q u a n t i t y  of waste water t h a t  
has  t o  be  s t o r e d  t o  between 30 percent  and 40 percen t  on b e e t .  
do t h i s  they have adopted c e r t a i n  measures which inc lude :  

To 

1. Recycling of flume and bee t  washer water a f t e r  s e p a r a t i o n  of s o i l .  
2 .  Recycling of condenser water through a cool ing  tower. 
3. Returning pulp p r e s s  water t o  t h e  d i f f u s e r  and us ing  h o t  conden- 

s a t e ,  p re fe rab ly  a f t e r  n e u t r a l i z i n g  w i t h  a c i d  as make-up w a t e r  
f o r  d i f f u s i o n .  

water t o  t h e  l i m e  cake.  

a l l  uncontaminated cool ing  water as, f o r  example, t h a t  used f o r  
t u r b i n e s ,  pumps, e t c .  

4 .  Transpor t ing  l i m e  s ludge  ou t  of t h e  f a c t o r y  without  a d d i t i o n  of 

5. Returning t o  t h e  r i v e r ,  from which t h e  f a c t o r y  r ece ives  i t s  w a t e r ,  

I f  a f a c t o r y  s l ices  200,000 tons of b e e t s  and s t o r e s  a q u a n t i t y  of 
waste water equ iva len t  t o  30 pe rcen t  on b e e t ,  then  i t  w i l l  r e q u i r e  
a lagoon covering about  15 a c r e s  i f  t h e  depth of water i s  n o t  t o  b e  
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more than  3 t o  4 f e e t ;  t h i s  being t h e  c o n d i t i o n  under which n a t u r a l  
p u r i f i c a t i o n  of t h e  water w i l l  proceed most r a p i d l y .  

It has been e s t a b l i s h e d  a t  f a c t o r i e s  i n  England and Germany t h a t  
suga rbee t  f a c t o r y  waste water can be p u r i f i e d  s a t i s f a c t o r i l y  by bio- 
l o g i c a l  processes  c a r r i e d  o u t  e i t h e r  on t r i c k l i n g  f i l t e r s  o r  by 
a e r a t i o n  i n  t h e  presence of a c t i v a t e d  s ludge.  The r e s u l t a n t  e f f l u -  
e n t ,  having a BOD of 20 ppm o r  less, is  s u i t a b l e  f o r  d i scha rge  t o  
rivers o r  o t h e r  n a t u r a l  sources  of w a t e r .  

Evidence obtained from d i f f e r e n t  c o u n t r i e s  confirms t h a t  t o  treat 
w a s t e  water by e i t h e r  of t h e  b i o l o g i c a l  d i g e s t i o n  processes  i s  c o s t l y ,  
and f o r  f i n a n c i a l  as w e l l  as o p e r a t i o n a l  reasons i t  seems t o  be worth- 
w h i l e  f o r  a f a c t o r y  t o  seek permission t o  f eed  i t s  waste water, e i t h e r  
w i th  o r  without  p a r t i a l  p u r i f i c a t i o n ,  i n t o  a p u b l i c  sewage p l a n t .  
An approach by t h e  f a c t o r y  t o  t h e  mun ic ipa l i t y  seems most l i k e l y  t o  
succeed a t  a t i m e  when t h e  l a t t e r  i s  contemplating i n s t a l l i n g  a new 
p l a n t ,  and t h e  f a c t o r y  o f f e r s  t o  de f ray  a s u b s t a n t i a l  p a r t  of t h e  c o s t .  
Under t h e s e  cond i t ions  t h e  f a c t o r y  may be given t h e  r i g h t  t o  f eed  i t s  
waste i n t o  t h e  p u b l i c  sewer without  f u r t h e r  charge.  

When i t  is p o s s i b l e  t o  s t o r e  a r e l a t i v e l y  l a r g e  volume of water having 
a low concen t r a t ion  of BOD, t hen  p u r i f i c a t i o n  can be c a r r i e d  ou t  satis- 
f a c t o r i l y ,  as a t  O r t o f t a ,  simply by e n e r g e t i c  a e r a t i o n .  

Where no s t o r a g e  space  i s  a v a i l a b l e ,  t hen  t h e  system of a e r a t i o n  f o l l -  
owed by d i scha rge  of t h e  e f f l u e n t  t o  a municipal sewage p l a n t ,  as dev- 
eloped a t  Aasberg, i s  a p r a c t i c e  worthy of c o n s i d e r a t i o n .  
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TABLE 9 

Sunmary of Fac tory  Capac i t i e s  and Fresh  Water Usage 

Gross3 
Water 

S l i c i n g  Molasses I n t a k e  Beet Barometric D i f f u s e r  L i m e  S t e f f e n  
Fac tory  ton/day ton/day GPDx103 Flumes Condensers Supply Mud (Di l . )  Other 

B e t t e r a v i a ,  
C a l i f o r n i a  

Brawley , 
C a l i f o r n i a  

Clarksburg , 
C a l i f o r n i a  

Hamilton C i ty ,  
C a l i f o r n i a  

Man t e ca , 
C a l i f o r n i a  

Mendo t a  , 
C a l i f o r n i a  

Santa  Ana, 
C a l i f o r n i a  

Spreckels ,  
C a l i f o r n i a  

Tracy , 
C a l i f o r n i a  

Woodland , 
C a l i f o r n i a  

Brighton , 
Colorado 

4 
0 

4 , 800 

6 , 500 

3,000 

1,875 

4,000 

3,900 

1 , 851 

6,000 

2,600 

3 , 300 

2 , 1 7 8  

1 - 

- 

220 

96 

350 

123 

180 

3,954 

3 , 900 

8,000 

4,773 

6 , 300 

4,132 

2,270 

9 , 505 

3 , 500 

6 , 900 

4 , 070 

0 

0 

3079 

1,980 

0 

1,100 

0 

150 

2 , 500 

0 

0 

2,246 

2 , 800 

4 , 500 

587 

1,750 

2,500 

2,2332 

3,310 

some 

6,900 

3 , 872 

1,420 

860 

0 

138 

150 

0 

0 

0 

250 

? 

0 

0 - 288 

240 - - 

0 - 430 

75 - 2,068l  

- - 1 7  5 

30 370 132 

732 2002 - 

0 700 ? 

15  0 600 

0 ? - 

198 - - 

Ion-Exchange 
2 E s  t i m a t  ed by Author 

3Gross water i n t a k e  does n o t  always t o t a l  t h e  sum of i n d i v i d u a l  u ses  
s i n c e  condenser water is  considered f r e s h  water a t  some f a c t o r i e s .  



TABLE 9 (cont inued)  

Gross 
Water 

S l i c i n g  Molasses I n t a k e  Beet Barometric D i f f u s e r  L i m e  S t e f f e n  , 
Factory  ton/day ton/day GPDx103 Flumes Condensers Supply Mud ( D i l . )  Other 

Delta , 
Color ado 

Eaton, 
Colorado 

F o r t  Morgan, 
Colorado 

Greeley , 
Color ado 

Longmont , 
Colorado 

Loveland , 
Colorado 

Ovid , 
Colorado 

Rocky Ford, 
Colorado 

S t e r l i n g  , 
Colorado 

Bay C i t y ,  
Michigan 

Car0 , 
Michigan 

C a r r o l l t o n ,  
Michigan 

4 
W 

1,500 

2,000 

3 , 632 

2,145 

3 , 307 

3,688 

2,617 

3 , 024 

2,435 

3,500 

1,835 

1 , 814 

50 

- 

187 

- 
189 

190 

- 

94 

- 

- 

- 
- 

6,000 

3,268 

12  , 000 

6 , 050 

11,000 

13,070 

11,632 

8,000 

6 , 100 

8,200 

4,450 

4,633 

0 

0 

7,990 

0 

0 

0 

4 , 864 

800 

1,525 

3,000 

1 , 700 

1 ,650  

3,000 

3 , 116 

2 , 203 

5 , 1 2 1  

9,000 

11 , 000 

5,820 

5,818 

4,179 

5 , 000 

2,400 

2 , 600 

360 

0 

194 

0 

432 

670 

812 

80 0 

151  

0 

250 

250 

1 

152 

272 

202 

216 

710 

58 

240 

62 

0 

100 

100 

120 - 
- - 

249 - 

- 727 

432 - 

432 258 



TABLE 9 (cont inued)  

co 
0 

Gross 
Water 

S l i c i n g  Molasses I n t a k e  Beet Barometric D i f f u s e r  L i m e  S t e f f e n  
Fac tory  ton/day ton/day GPDxlQ3 Flumes Condensers Supply Mud (Di l .  ) Other 

Croswell ,  

Sebewaing , 

Idaho F a l l s ,  

Mini-Cassia, 

Nampa, 

Twin F a l l s ,  

Chaska , 
Crookston, 

East Grand Forks,  

Moorhead, 

Bayard, 

Gering , 

Michigan 1,275 

Michigan 1,900 

Idaho 4,200 

Idaho 6,545 

Idaho 4,824 

Idaho 4,594 

Minnesota 2,000 

Minnesota 3,494 

Minnesota 2,750 

Minnesota 3,585 

Nebraska 2,174 

Nebraska 2,250 

3 , 2504 

4 ,000 

3,600 

8 , 640 

8 , 640 

10,800 

4,000 

5,800 

5 ,000 

4 , 328 

8,290 

5,000 

75 

1 ,200  

0 

0 

0 

0 

0 

0 

500 

0 

0 

2,500 

3,000 

2,450 

2,542 

7 ,780 

7 ,776 

9,720 

3,500 

5,800 

4,500 

4,328 

6 ,500 

2,476 

0 

250 

648 

0 

0 

0 

0 

0 

0 

0 

0 

150 

100 

86 

0 

0 

36 

0 

0 

0 

3 

1 

- 25 

- - 

180 144 

- 570 

- 764 

270 810 

- 464 

0 0 

0 - 

- - 

- - 

13 - 

4 pump c a p a c i t y .  Actua l  f low approximately 1800 gpm. 



TABLE 9’ (cont inued)  

Gross 
Water 

S l i c i n g  Molasses I n t a k e  B e e t  Barometric D i f f u s e r  L i m e  S t e f f e n  
Fac tory  ton/day ton/day GPDx103 Flumes Condensers Supply Mud (Di l . )  Other 

M i t c h e l l  , 

S c o t t s b l u f f  , 

B i l l i n g s  , 

Hardin,  

? 

2 40 - 

- Nebraska 2,184 - 8,500 0 6,500 - 215 

Nebraska 3,366 175 12,000 2,500 7,750 0 5 

180 18,000 10,000 3,000 170 110 1 2 8  - Montana 4,250 

- - Montana 1 , 700 - 4 , 000 0 4,000 0 0 
Sidney , 

Montana 2,500 - 6,867 0 6,867 0 0 
Findlay  , 

Fremont , 

O t t a w a  , 

Garland , 

Lewiston, 

West Jordan ,  

- - - Ohio 1 , 500 - 570 0 520 50 

- - Ohio 1,980 - 8,650 0 8,600 50 0 

Ohio 1,700 - 2,000 0 2,000 0 0 - - 

Utah 2,550 110 8 , 712 0 8,014 288 86 180 144 

Utah 1,822 98 4 ,640  0 4,435 0 0 0 490 

Utah 1 , 600 - 7 , 200 ? 7,000 ? 56 - 144 
Love11 , 

Wyoming 2,183 - 5,000 2,248 1,552 0 200 
Torr  i n g  t o n  , - Wyoming 3 , 034 139 7,630 2,290 3,816 0 190 19  



TABLE 9 (cont inued)  

Gross 
Water 

S l i c i n g  Molasses In t ake  Beet Barometric R i f f u s e r  L i m e  S t e f f e n  
Fac to ry  ton/day ton /day  GPDx103 Flumes Condensers Supply Mud ( D i l . )  Other 

Worland , 
Wyoming 

Toppenish, 
Washington 

Moses Lake, 
Washington 

Chandler,  
Arizona 

Mason C i t y ,  

Goodland , 
Kansas 

Eas t o n  , 
Maine 

Drayton , 
North Dakota 

Nys sa , 
Oregon 

Hereford , 
Texas 

00 
i-3 Iowa 

1 , 600 

3,800 

6,450 

4,000 

1 , 881 

2,609 

4,0005 

3,915 

6,605 

6,493 

76 7,500 

- 8,640 

225 3 , 715 

- 1 , 883 

- 7,340 

- 853 

- 2,000 

- 8,794 

204 14,400 

- 1 , 400 

4,000 2,000 

0 7,906 

0 2,225 

0 1,250 

1720 5,370 

0 811 

500 1 ,200  

0 8,500 

0 11,520 

0 some 

500 100 

518 0 

922 86 

0 33 

0 250 

0 0 

300 0 

0 0 

0 

0 some 

800 

216 

158 

- 

- 

42 

- 

294 

2,523 

- 

'Estimated from incomplete o r a l  r e p o r t  



TABLE 10 

Water use  and Re-Use  P e r  Ton Beets 

co 
w 

Raw Water Gross Water Use, Gal lons  P e r  Ton Beets 
I n t a k e  Condens er s 

Gal/Ton and D i f f u s e r  L i m e  S t e f f e n  
Supply Mud D i l u t i o n  T o t a l  Fac to ry  Beets Fluming Coolinv 

B e t t e r a v i a ,  
C a l i f o r n i a  

Brawley , 
C a l i f o r n i a  

Clarksburg  , 
C a l i f o r n i a  

Hamilton C i t y  , 
C a l i f o r n i a  

Manteca, 
C a l i f o r n i a  

Mendota, 
C a l i f o r n i a  

Santa Ana, 
C a l i f o r n i a  

Sprecke l s ,  
C a l i f o r n i a  

Tracy,  
C a l i f o r n i a  

Woodland, 
C a l i f o r n i a  

850 

600 

2,666 

2 , 540 

1,600 

1,060 

1,220 

1 , 600 

1 , 350 

2 , 100 

1,430 

1,810 

2,440 

2,060 

1,500 

2,560 

X 

1,100 

1,000 

1,300 

2,080 

1 , 270 

1,500 

2,760 

1,250 

2,000 

X 

3,000 

2,120 

2,100 

190 

223 

3331 

539 

240 

250 

X 

295 

270 

240 

32 

76 

7 

40 

44 

18 

X 

47 

60 

x x  

- 
- 

- 
1 , 1001 

- 

95 

X 

120 

23 1 

124?3 

3 , 732 

3 , 379 

4,228 

5 , 339 

3,034 

4,925 

X2 

4,562 

3,680 

2 , 800 

Ion-exchange r e g e n e r a t i o n  omi t t ed  from t o t a l .  

"X" e n t r y  i n d i c a t e s  i n fo rma t ion  w a s  not  s u p p l i e d .  
3 l r q l l  . i n d i c a t e s  t h e  e n t r y  i s  ques t ioned  and w a s  n o t  v e r i f i e d .  



TABLE 10 (cont inued)  

Raw Water Gross Water Use, Gallons P e r  Ton Beets 
I n t a k e  Condensers 

Gal/Ton and Dif f u s  er L i m e  S t e f f e n  
Fac to ry  Beets Fluming Co 01 i n g  Supply Mud D i l u t i o n  T o t a l  

Br igh t  on , 
Colorado 

Delta, 
Colorado 

Eaton, 
Colorado 

F o r t  Morgan, 
Colorado 

Greeley , 
Colorado 

Longmont , 
03 Colorado 

Loveland, 
Colorado 

Ovid , 
Colorado 

Rocky Ford, 
Colorado 

S t e r l i n g  , 
Colorado 

Bay C i t y ,  
Michigan 

Car0 , 
M i  c h i g  an 

C a r r o l l t o n  , 
Michigan 

Croswell ,  
Michigan 

lb 

1,870 

4,000 

1 , 620 

3 , 300 

2 , 800 

3 ,300 

3,560 

4 , 090 

2 , 640 

2 , 540 

2,350 

2,420 

2 , 480 

2 , 500 

2,640 

2,000 

2,525 

2,200 

2,390 

2,500 

2,620 

3,350 

2,640 

2 , 880 

1 ,720 

3,270 

3 , 170 

2,500 

3 ,100 

2,000 

2 , 160 

1 , loo?  

1,720 

2,720 

3 ,040 

2,220 

2,000 

1,720 

1 ,430 

1,310 

1 , 430 

2,360 

290 

240 

2 84 

190 

240 

260 

3 60 

2 84 

300? 

238 

510 

408 

344 

300 

90 

66 

76 

80 

100 

65 

190 

20 

80 

20 

X 

50 

110 

120 

6,120 

4 , 400 

5 , 045 

3,660? 

4,450 

5,545 

6,327 

5 , 870 

5,134 

4,800 

3,660 

4,978 

5 , 054 

5 , 280 



TABLE 10 (cont inued)  

Raw Water Gross Water Use, Gal lons P e r  Ton Beets 
I n t a k e  Condensers 
Gal/Ton and D i f f u s e r  L i m e  S t e f f e n  

Fluming Cooling Supply Mud D i l u t i o n  T o t a l  Fac tory  Beets 

Sebewaing , 
Michigan 

Idaho F a l l s ,  
Idaho 

Mini-Cassia, 
Idaho 

Nampa , 
Idaho 

Twin F a l l s ,  
Idaho 

Chas ka , 
Minnesota 

Crooks ton ,  
Minnesota 

East Grand Forks,  
Minnesota 

Moorhead , 
Minnesota 

Bayard , 
Nebraska 

Gering , 
Nebraska 

M i t c h e l l  , 
Nebraska 

S c o t t s b l u f f  , 
Nebraska 

2 , 1 0 0 ~  

860 

1,320 

1,800 

2,350 

2,000 

1 , 650 

1,890 

1,210 

1 , 800 

2,220 

3,900 

3,600 

2 , 610? 

1 , 710 

1 , 320 

1,790 

1 , 300 

1 , 500 

1 , 888 

1 , 640 

1,220 

2,760 

2,210 

2 , 000 

1 , 500 

2 , OOO? 

2,230 

2 , 215 

1 , 610 

2 , 320 

1,750 

1,660 

1 , 820 

1 , 210 

3,000 

1 , loo?  

3,000 

2 , 300 

300? 

223 

170 

300? 

225 

240 

220? 

290 

290 

240 

240 

220 

330 

50? 

20 

51 

50 

63 

27 

9 

4 

54 

2 

-- 

100 

1 6  

4,960? 

4,226 

3,700 

3,750 

3,965 

3,527 

3,777 

3,754 

2,774 

6,000 

4,316 

5,400 

4,218 



TABLE 10 (cont inued)  

Raw Water Gross Water Use, Gal lons  P e r  Ton Beets 
I n t a k e  Condensers 

Gal/Ton and D i f f u s e r  L i m e  S t e f f e n  
Fac to ry  Beets F 1 umi ng Cooling Supply Mud D i l u t i o n  T o t a l  

B i l l i n g s  , 
Montana 

Hardin , 
Montana 

Sidney,  
Montana 

F ind lay  , 
Oh i o  

Fremont , 
Ohio 

Ohio 
Garland , 

Utah 
L e w i s  t on  , 

Utah 
West Jordan ,  

Utah 
L o v e l l ,  

Wyoming 
Tor r ing ton ,  

Wyoming 
Worland , 

Wyoming 
Toppenis h , 

Washing t o n  

al O t t a w a ,  or 

4,200 

2 , 360 

2 ,750 

380 

4,300 

1 , 180 

3 , 400 

2,530 

4 , 400 

2 ,300 

2 , 500 

4,690 

2 ,280 

2 , 825 

2 ,060 

2 , 650 

4,000 

3,530 

1,170 

2 , 820 

4,410 

4 , 500 

1 , 630 

1 , 480 

3 , 800 

2,084 

2 ,360 

2 , 750 

4,500 

4,340 

2 , 250 

3,400 

2,270 

4 , 400 

2 ,170 

1 ,270 

1,900 

2 ,080 

220 

3 24 

288 

170 

160? 

254 

239 

945 

3 05 

29 6 

470 

3804 

30 

60 

50? 

20 

20 

7 

130 

X 

70 

100 

63 

60 

23 

4 , 804 

5 ,740 

9 , 690 

8,150 

3 , 600 

6,604 

7 , 140 

9,915 

4,215 

3,115 

6,290 

4 , 567 

Inc ludes  pu lp  t r a n s p o r t  water. 



TABLE 10 (cont inued)  

Raw Water Gross Water Use, Gal lons Per  Ton Beets 
In t ake  Condensers 
Gal/Ton and D i f f u s e r  L i m e  S t e f f e n  

Fac tory  Beets Fluming Cooling Supply Mud D i l u t i o n  T o t a l  

Moses Lake, 
Washington 

Chandler,  
Arizona 

Mason C i ty ,  
Iowa 

Goodland , 
Kansas 

Eas ton ,  
Maine 2 

North Dakota 
Nyssa 

Oregon 
Hereford,  

Texas 

a, 
4 Drayton , 

580 

470 

3,900 

328 

500 

2,250 

2,190 

2 15 

2 , 340 

1 , 650 

4,440 

4 , 500 

X 

2,440 

2,180 

1,330 

2,000 

2 ,060 

2 , 855 

3 , 320 

X 

2,170 

1 , 750 

1,375 

20 1 

190 

3 14 

263 

X 

197? 

210 

300? 

13 50 

- 8 

13 - 
55 - 

X - 
63 - 
58 54 

- X 

4,604 

3 ,908 

7,622 

8,738 

X 

4,870 

4,252 

3 , 000 



a, 
a, 

TABLE 11 

Waste Discharged t o  Stream P e r  Ton of Beets; Cost of Disposa l  F a c i l i t i e s  

E f f l u e n t  t o  Streams Waste Disposal  F a c i l i t 5 e s  
P e r  Ton Beets S l i c e d  C a p i t a l  Annual 

Fac tory  Gal lons Lb. BOD c o s t  Operat inp Cost 

B e t t e r a v i a ,  C a l i f o r n i a  ( pulp  
- 
- $ - 

- 8.0 est .  $ opera t ion ,  S in ton  and Brown) - 
B e t t e r a v i a ,  C a l i f o r n i a  0 0 
Brawley, C a l i f o r n i a  373 0 . 6  250,000 1,000 
Clarksburg,  C a l i f o r n i a  1,099 2 .2  250,000 ? 
Hamilton C i t y ,  C a l i f o r n i a  0 0 - 
Manteca, C a l i f o r n i a  0 0 200,000 20 , 000 

- 

Mendota, C a l i f o r n i a  
Santa  Ana, C a l i f o r n i a  
Spreckels ,  C a l i f o r n i a  
Tracy , C a l i f o r n i a  
Woodland, C a l i f o r n i a  
Brighton,  Colorado 
Delta, Colorado 

0 0 
0 0 
0 0 

0 0 
0 0 

400 5.0 

1,260 0.5 

Eaton, Colorado 7 60 - 
Greeley,  Colorado 2 , 400 391 

Loveland, Colorado (planned 1970)  - 

F o r t  Morgan, Colorado 2,200 5 . 0  

Longmont, Colorado 89 0 0.3 
Loveland, Colorado 2,660 3.1 

0 .5  
Ovid, Colorado 3,450 5 . 0  

250,000 

700,000 

200 , 000 
300,000 

63 ,700 

- 

- 

20,000 - 
15 , 000 

15,000 
54 , 000 
13,000 

160,000 26,000 
150,000 3,500 

260,000 40,000 

500 , 000 50 , 000 

182,000 10,000 

- - 

100 , 000 35 00 



TABLE 1 1 (con t h u e d  ) 

E f f l u e n t  t o  Streams Waste Disposa l  F a c i l i t i e s  
P e r  Ton Beets S l i c e d  T o t a l  Annual 

Fac tory  Gal lons  Lb. BOD c o s t  Opera t ing  C O s t  

Ovid, Colorado (planned 1970) 
Rocky Ford, Colorado 
S t e r l i n g ,  Colorado 
Bay C i ty ,  Michigan 
Caro, Michigan 
C a r r o l l t o n  , Michigan 
Croswell ,  Michigan 

S eb ewaing 
Idaho F a l l s ,  Idaho 
Mini-Cassia, Idaho 
Nampa, Idaho 
Twin F a l l s ,  Idaho 
Chaska, Minnesota 
Crookston, Minnesota 

E a s t  Grand Forks , Minnesota 
Moorhead, Minnesota 
Bayard , Nebraska 
Gering , Nebraska 
M i t c h e l l ,  Nebraska 
S c o t t s b l u f f  , Nebraska 
S c o t t s b l u f f ,  Nebraska (planned 1970) 

? 
2,330 
2,415 
1 , 140 
2 , 300 
1 , 800 
2 , 500 

2,000 est. 
1,900 

0 
1 , 610 
2 , 185 

0 
658 

1 , 800 
741 

2 , 890 
2 , 220 

500 
1 , 367 

- 

low 

6 .O 
1.0  
4.0 
3.5 
4.0 

3.5 est. 
4 .O 
0 
3.2 

15 .6  
0 
6.3 

5.0 
3.5 
5.0 
5.0 
4.3 
7.0 
2 .o 

- $ 250,000 
200,000 - 
150,000 

150,000 
- 
- 

100,000 est. 
200,000 
689 , 000 
650 , 000 

70,000 
250,000 
300,000 

500 , 000 

37,000 
52 , 000 
30 , 000 
40,000 

? 

- 

$ 25,000 
? 

1 , 500 
1 5  , 000 

15 , 000 
- 

- 

5,000 est. 
3,000 

20 , 000 
20 , 000 

2,000 
12,000 
25,000 

50 , 000 

4,350 
5 , 000 
3 , 300 
3,000 

? 

- 



TABLE 11 (cont inued)  

0 

E f f l u e n t  t o  S t r eams  Waste Disposa l  F a c i l i t i e s  
P e r  Ton Beets S l i c e d  T o t a l  Annual 

Fac tory  Gal lons Lb. BOD c o s t  Operat ing Cost 

B i l l i n g s ,  Montana 
Hardin,  Montana 
Sidney, Montana 
F indlay ,  Ohio 
Fremont, Ohio 
O t t a w a ,  Ohio 
Garland, Utah 

Lewiston, Utah 
West Jordan ,  Utah 
Love11 , Wyoming 
Torr ington ,  Wyoming 
Worland, Wyoming 
Toppenish, Washington 
Moses Lake, Washington 

Chandler, Arizona 
Mason C i ty ,  Iowa 
Goodland, Kansas 
Easton, Maine 
Drayton, North Dakota 
Nyssa, Oregon 
Hereford,  Texas 

2,600 7 .O $ 40,000 $ 3,000 
1,750 2.6 10 , 000 5,000 
2,758 7.7 67,000 3,500 

0 0 300 , 000 30 , 000 
4 , 200 2.5 450,000 35,000 
1,500 1.1 - 20 , ooo+ 
3,350 4 .O 125,000 1 , 000 

1,756 3 .O 
4,235 4.0 
2,010 9.0 
1,483 3.8 

1,906 4 .O 
0 0 

0 0 

162 , 000 
250,000 

57,000 - 
- 

200 , 000 
300,000 

5 , 000 
1 , 000 

? 
- 
- 

3 , 000 
2,000 

0 0 450 , 000 20,000 

0 0 448,000 21  , 000 
l i t t l e  l i t t l e  5,000,000 100,000 
2 , 000 l 4 . 0  - - 

40,000 
0 0 1-2 m i l l i o n  ? 

25 , 000 3,396 6.9 150 , 000 

1,730 5.7 338 , 000 



TABLE 12 

Beet Sugar F a c t o r i e s  Included I n  This  Survey 

1. The Amalgamated Sugar Company 
F i r s t  S e c u r i t y  Bank Bui ld ing  
P. 0. Box 1520 
Ogden, Utah 84402 

F a c t o r i e s  at :  Mini-Cassia,  Idaho (Rupert)  
Nampa, Idaho 
Twin F a l l s ,  Idaho 
Nyssa, Oregon 
Lewiston, Utah 

2. American C r y s t a l  Sugar Company 
Boston Bui ld ing  
Denver , Colorado 80202 

F a c t o r i e s  a t :  Clarksburg,  C a l i f o r n i a  
Rocky Ford, Colorado 
Mason C i ty ,  Iowa 
Chaska , Minnesota 
Crookston, Minnesota 
East Grand Forks,  Minnesota 
Moorhead, Minnesota 
Drayton, North Dakota 

3 .  Buckeye Sugars ,  Inc .  
O t t a w a ,  Ohio 45875 

Fac tory  a t :  O t t a w a ,  Ohio 

4. The Great Western Sugar Company 
Sugar Bui ld ing  
P. 0. Box 5308 
Denver, Colorado 80217 

F a c t o r i e s  a t :  Brighton,  Colorado 
Eaton, Colorado 
F o r t  Morgan, Colorado 
Greeley,  Colorado 
Johnstown, Colorado - Molasses P l a n t  
Johnstown, Colorado - Monosodium Glutamate P l a n t  
Longmont, Colorado 
Loveland, Colorado 

91 



TABLE 12 (cont inued)  

Ovid, Colorado 
S t e r l i n g ,  Colorado 
Goodland, Kansas (Kemp) 
B i l l i n g s ,  Montana 
Bayard, Nebraska 
Gering, Nebraska 
M i t c h e l l ,  Nebraska 
S c o t t s b l u f f ,  Nebraska 
Love l l ,  Wyoming 

5. Holly Sugar Corpora t ion  
Holly Sugar Bui ld ing  
P. 0. Box 1052 
Colorado Spr ings ,  Colorado 80901 

F a c t o r i e s  a t :  Brawley, C a l i f o r n i a  (Car l ton)  
Hamilton C i ty ,  C a l i f o r n i a  
Santa  Ana, C a l i f o r n i a  (Dyer) 
Tracy , C a l i f o r n i a  
Delta, Colorado 
Hardin,  Montana 
Sidney, Montana 
Hereford,  Texas (Shoup) 
Torr ington ,  Wyoming 
Worland, Wyoming 

6.  Michigan Sugar Company 
Second Na t iona l  Bank Bui ld ing  
P. 0. Box 1091 
Saginaw, Michigan 48606 

F a c t o r i e s  a t :  Caro, Michigan 
C a r r o l l t o n ,  Michigan 
Croswell  , Michigan 
Sebewaing , Michigan 

7.  Monitor Sugar Company 
2600 South Eucl id  Avenue 
Bay C i ty ,  Michigan 48706 

Fac tory  a t :  Bay C i t y ,  Michigan 
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TABLE 12 (cont inued)  

8. Northern Ohio Sugar Company 
(wholly owned s u b s i d i a r y  of The Great Western Sugar Company) 
Sugar Bui ld ing  
Denver, Colorado 80217 
(ope ra t ing  o f f i c e s  - Fremont, Ohio) 

F a c t o r i e s  a t :  F indlay ,  Ohio 
Fremont, Ohio 

9. Sprecke ls  Sugar Company 
Two P ine  S t r e e t  
San F ranc i sco ,  C a l i f o r n i a  94111 

F a c t o r i e s  a t :  Chandler,  Arizona 
Manteca, C a l i f o r n i a  
Mendota, C a l i f o r n i a  
Spreckels ,  C a l i f o r n i a  
Woodland, C a l i f o r n i a  

10 .  Union Sugar,  Consol idated Foods Corpora t ion  
230 C a l i f o r n i a  S t r e e t  
San Franc isco ,  C a l i f o r n i a  94111 

Fac to ry  a t :  B e t t e r a v i a ,  C a l i f o r n i a  

11. Utah-Idaho Sugar Company 
200 B e n e f i c i a l  L i f e  Bui ld ing  
47 West South Temple (P. 0. Box 2010) 
S a l t  Lake C i t y ,  Utah 84110 

F a c t o r i e s  a t :  Idaho F a l l s ,  Idaho 
Garland, Utah 
West Jordan ,  Utah 
Moses Lake , Washington 
Toppenish, Washington 
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WATER USE, RE-USE AND DISPOSAL 
The Amalgamated Sugar Company a t  Lewiston, Utah 

A .  

B. 

C .  

Beets s l i c e d ,  tons/day:--1822; Molasses worked, tons/day:--98; Gross r a w  water intake:--4640 
x l o 3  (US g a l / d a y ) ;  Source: Bear River--100%. 
Flow sheet type  11. Modif ica t ions :  S t e f f e n  waste t o  s e p a r a t e  lagoon. A l l  wastes h e l d  u n t i l  
s p r i n g .  
In-Plant  Water Flows (GPD x l o3 ) .  

Some r e d u c t i o n  i n  BOD. Cont ro l led  d i s c h a r g e  dur ing  h igh  r iver  f lows.  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 
Flumes 0 3600 
Condensers and Cooling 4150 0 4435 2 88 
D i f f u s e r  Supply 0 435 
L i m e  Mud 0 X 
S t e f f e n  D i l u t i o n  0 220 
Miscel laneous 490 

-_ - 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  d i s c h a r g e  n o t  d i r e c t ,  t o  ho ld ing  f a c i l i t i e s  (one pond-- 

20 acres, 10 f t .  deep) ,  70 days r e t e n t i o n ,  t h e n  t o  r iver  dur ing  h igh  water f low i n  t h e  
s p r i n g .  BOD i n  waste t o  river 370-910 ppm. 

2. L i m e  mud discharged t o  ponds (one pond--5.18 a c r e s ) ,  overf low d ischarged  d i r e c t  b u t  volume 
c o n t r o l l e d .  

3.  Condenser water t o  flumes. Discharged direct--none. 
Note: S t e f f e n  waste t o  s e p a r a t e  pond. Held u n t i l  BOD i s  reduced and discharged when r iver  

S a n i t a r y  sewer t o  s e p t i c  tank.  

i s  high.  

550 lb/day.  
Comment: Volume flume water d ischarged  t o  r iver 3.2 x l o 6  g a l l d a y .  BOD i n  waste d ischarged  



W 
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WATER USE, RE-USE AND DISPOSAL 
The Amalgamated Sugar Company a t  Rupert ,  Idaho 

A .  Beets s l i c e d ,  tons/day:--6545; T o t a l  campaign:--799400; Gross water intake:--8650 (GPD x 10 3 ) ;  
Source: Wells and d ra inage  d i t c h  ( c r e e k ) ;  Water Treatment: 90% given  " b o i l e r  water" treat- 
ment. 

enc losed  system. Very e l a b o r a t e  s e t t l i n g  system. No d i scha rge  t o  stream. 
In-Plan t  Water Flows (GPD x l o 3 ) .  

B. Flow s h e e t  t y p e  I V .  Modi f ica t ions :  Excess condenser water t o  stream, o the rwise  completely 

C .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 
Flumes 0 82 10 
Condensers 7780 7200 4750 430 
D i f f u s e r  Supply 0 690 

S t e f f e n  D i l u t i o n  
L i m e  Mud 0 -  - - - - - - - 
Gas Washer 570 

D .  Waste Treatment 
1. Flume water screened ,  t hen  hydrosepa ra to r  (2- 22' diam.) underflow t o  mud pond (6.9 acres - 

6 f t .  deep) ,  one day r e t e n t i o n ;  overflow t o  c l a r i f i e r  - 130' diam. by 12' deep, clear over- 
flow t o  second hold ing  b a s i n  - 130' diam. x 1 2 '  deep which i s  supply  t o  fluming system. 
Completely enc losed  system. Milk of l i m e  added b e f o r e  hydrosepara tor  - about 19 tons  
C a O  / day. 

t o  c reek .  Temperature 30' C .  Makeup water pumped from c reek .  
2 .  Condenser water cooled i n  tower (5000 ga l /min . ) ;  2800 GPM t o  pan condensers ,  remainder 

3 .  L i m e  mud t o  s e p a r a t e  pond, 26 acres, no overflow; hence no BOD t o  c reek .  
Note: S a n i t a r y  sewer t o  s e p t i c  tank. 



WATER USE, RE-USE AND DESPOSAL 
The Amalgamated Sugar Company a t  Twin F a l l s ,  Idaho 

A. Beets s l i c e d ,  tons/day:--4594; Molasses worked, tons/day:--226; Gross water intake:--10800 x 
103 (US g a l / d a y ) ;  Source: 

B. P'IOW s h e e t  t y p e  11. Modif ica t ions :  Many. Flume water and g e n e r a l  wastes screened ,  t h e n  t o  
river--no ponds. Steffei ,  waste evaporated.  

C. In-Plant  Water Flows (GPD x l o 3 ) .  

One w e l l ,  r iver ,  5% of water treated--Nalco. 

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 0 
Condensers 9720 0 5910 537 2 88 
D i f f u s e r  Supply 0 537 
L i m e  Mud 0 0 
S t e f f e n  D i l u t i o n  270 0 
Miscel laneous 810 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste: sc reened ,  d i scharged  d i r e c t  t o  river--no ponds. Volume of waste 

2 .  L i m e  mud t o  pond, one. BOD 

3 .  
4. 
5. S t e f f e n  waste evaporated and d r i e d  on pulp  100%. 
6. F l o o r  d r a i n a g e  t o  main sewer (432,000) g a l / d a y ) ,  main sewer t o  g e n e r a l  waste. 
7. 

10.8 m i l l i o n  gal /day,  BOD c o n t e n t  72,400 l b s / d a y .  

conten t  unknown. 
Condenser water t o  flumes, b e e t  washers ,  s p r a y s  and d i l u t i o n  l i m e  mud. 
Pulp and pulp  p r e s s  water completely recyc led  t o  d i f f u s e r .  

Overflow of s e t t l e d  l i q u o r  d i r e c t  t o  r iver  - 302,000 ga l /day .  

S a n i t a r y  sewer t o  s e p t i c  tank.  
E. Comments: T o t a l  e f f l u e n t  2185 g a l / t o n  b e e t s .  BOD i n  e f f l u e n t  - 15.6 l b / t o n  b e e t s .  Future  

p lans :  Recycle of flume water. 
expected.  

Improve ponds - 80% r e d u c t i o n  i n  waste d i s c h a r g e  



WATER USE, RE-USE AND DISPOSAL 
The Amalgqmated Sugar Company a t  Nampa, Idaho 

A .  

B. Flow s h e e t  t y p e  11. Modif ica t ions :  Flume and g e n e r a l  wastes a f t e r  s c r e e n i n g  t o  hydro- 

C. In-Plant  Water Flows (GPD x 103) .  

Beets s l i c e d ,  tons/day:--4824; Non-Steffen; Gross r a w  w a t e r  intake:--8640 (GPD x 103);  
Source; Nine w e l l s  - no t r e a t m e n t .  

s e p a r a t o r ,  then  t o  C i t y  Sewage P l a n t .  A l l  f l u i d  wastes t o  C i t y  Treatment P l a n t .  No S t e f f h .  

Raw Water Use . Water Re-Use 
Barometric D i f f u s e r  L i m e  

Flumes 0 
Condensers and Cooling 7776 
D i f f u s e r  Supply 0 
L i m e  Mud 0 
S t e f f e n  D i l u t i o n  - 
Miscel laneous 7 64 
( l )  Est imated by e d i t  o r  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
0 - 0 0 

0 6192 340(11 - 

D. Waste Treatment 
1. Flume and g e n e r a l  waste scrpened,  d i scharged  t o  hydrosepara tor ;  mud t o  mud pond, 33.2 

(BOD t o  C i t y  P l a n t  acres; clear l i q u o r  240 x l o3  
225 ppm, BOD from Ci ty  P l a n t  7 t o  20 ppm) C i t y  sewage p l a n t  d i s c h a r g e  t o  I n d i a n  Creek. 
Condenser water (7776 g a l  x l o 3  /day) d ischarged  t o  flumes and miscel laneous.  

GPD t o  Nampa C i t y  Treatment P l a n t .  

2 .  
3 .  S a n i t a r y  sewer t o  s e p t i c  tank.  Discharge i s  c h l o r i n a t e d ;  t h e n  t o  creek. 
4. L i m e  mud t o  mud pond w i t h  flume mud. 
5 .  Pulp and pulp  p r e s s  water 100% recyc led .  

Overflow t o  c i t y  t rea tment  p l a n t .  

Spec ia l :  P l a n t  w i l l  b e  doubled i n  s l i c i n g  c a p a c i t y  f o r  1969-70--9600 t o n s .  W i l l  s t o r e  p a r t  
of t h i c k  j u i c e  f o r  process ing  i n  intercampaign a lso planned. Recycle of overf low from 
mud pond t o  flumes. 

Note: Nampa c i t y  charges  f o r  w a s t e  t rea tment  based on voluma, BOD and suspended s o l i d s  c o n t e n t .  



WATER USE, RE-USE AND DISPOSAL 
The Amalgamated Sugar Company a t  Nyssa, Oregon 

A .  Beets s l i c e d ,  tons/day:--6605; Molasses worked, tons/day:--204; Gross water intake:--14400 

B. Flow s h e e t  t ype  111. Modi f i ca t ions :  No coo l ing  and r e c y c l i n g  of condenser water. Excess 

C .  

(GPD x l o 3 ) ;  Source: R ive r ,  no treatment. 

d ischarged  t o  stream. 
In-Plan t  Water Flows (GPD x lo3). 

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

S t e f f e n  Mud Recycled Flumes Condenser Supply 
Flumes 0 8640 
Condensers 11520 0 1440 720 
D i f f u s e r  Supply 0 668 
L i m e  Mud 0 
S t e f f e n  D i l u t i o n  357 
Miscellaneous 

( inc ludes  gas washer) 2523 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  ddscharged t o  two ponds, 45 A t o t a l  x 10' deep, r e t e n -  

t i o n  7 hour s ,  r ecyc led .  
about  11. Odor thus  minimized. 

2 .  Condenser water (excess)  d i scharged  t o  river @ 40' C. (about 7200 GPD). BOD 14 t o  19 ppm. 
3.  L i m e  mud d ischarged  t o  l i m e  pond (one-27 A) - a l l  e f f l u e n t  con ta ined .  
4.  S t e f f e n  waste - 100% evaporated.  
5. Pulp and pulp water r e t u r n e d  t o  d i f f u s e r .  
6. F loor  d ra inage  (432 x l o 3  

170 ppm BOD; pH 7.9 - 9.5. Flow of r i v e r  - low, ca 4000 GPM. 
7 .  Quentin (MgO) p rocess  i o n  exchange, some back wash t o  sewer. 
8. S a n i t a r y  sewage t o  Nyssa C i t y  Sewage P l a n t .  

Ca(OH)2 added a f t e r  s c reen ing  (1 ton  Ca0/1000 ton  b e e t s ) ,  pH 

GPD) t o  main sewer t o  r i v e r .  Discharge  t o  river ( t o t a l )  about  

Spec.ia1: 6 t o  10% i n c r e a s e  i n  s l i c i n g  planned. Inc reased  waste sewer pump c a p a c i t y  53,000 cu. 
yd. s o i l  removed annua l ly  from ponds - c o s t  about $0.50/cu. yd. Cost of waste treat- 
ment f a c i l i t i e s  $338,000, annual  c o s t  $40,000. 



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Clarksburg,  C a l i f o r n i a  

-3 A. Beets s l i c e d ,  tons/day:--3000; Non-Steffen; Gross water intake:--8000 (GPD x 10- ); Source: 
Wells - 5 7 6 ,  River  - 7424; Pre-t reatment:  15% of water t r e a t e d  wi th  c h l o r i n e  and l i m e .  

B. Flow s h e e t  t ype  111. Modif ica t ions :  No S t e f f e n .  Condenser water is  n o t  cooled and 
r ecyc led .  

C .  In-Plant  Water Flows (GPD x IO-?,). 

Raw Water U s e  Water Re-Use  
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 
Flumes 3070 4320 
Condensers 4500 0 1080 X 21 
Dif fuse r  Supply 0 1000 
L i m e  Mud 0 
Other 430 

W 
W 

D. Waste Treatment 
1. Flume and gene ra l  wastes screened .  Discharged t o  hold ing  ponds, two, t o t a l  12 acres. 

Depth 4 f t .  Re ten t ion  1.25 days ,  
charged 6481 l b /day .  
Condenser water (3400 x l o 3  

Discharged t o  r i v e r  8000 GPD x 103. 

GPD) d ischarged  t o  r i v e r  (Sacramento) @ 50' C .  

BOD i n  waste d i s -  

2 .  
3 .  L i m e  mud ponded - 3 ponds - 12 a c r e s  t o t a l .  No overf low.  
4 .  Gas washer water from w e l l  t o  r i v e r .  Volume 58 x lo3 GPD. 
5 .  S a n i t a r y  sewer t o  s e p t i c  tank ,  cver f low c h l o r i n a t e d .  

Spec ia l :  New ponds, new s c r e e n s .  
Recycle s e t t l e d .  Overflow 5700 GPM, s p r i n g  1970. Big problem - d i s p o s a l  of 
l i m e  cake. 

W i l l  s c r e e n  and s e t t l e  i n  ponds a l l  flume water (6  a c r e s ) .  

6 .  Pulp pumped % m i l e  t o  North American Dryer - Transpor t  and pulp p r e s s  water r e tu rned  t o  
d i f f u s e r .  



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Rocky Ford, Colorado 

P 
0 
0 

A. Beets s l i c e d ,  tons/day:--3024; T o t a l  Campaign:--435402: Molasses worked, tons/day:--94; T o t a l '  
campaign:--13509; Gross water intake:--8000 (GPD x l o 3  >; Source: 
drawing water from Arkansas River  - pre- t rea tment :  

L i m e  pond - no overflow. 
In-Plant Water Flows (GPD x lo3 ) .  

Wells and a r t i f i c i a l  l a k e  
Nalco # l28 ,  3 ppm. 

B. Flow s h e e t  t y p e  11. Modi f i ca t ions :  Many. Raw water, i n  p a r t ,  t o  flumes, d i f f u s e r ,  l i m e  m u d .  

C. 
S t e f f e n  waste t o  pond - no overflow. 

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 800 0 
Condensers and Cooling 5818 0 X X 
D i f f u s e r  Supply 800 Y e s  
L i m e  Mud 240 
S t e f f e n  34 2 

D. Waste Water Treatment 
1. 

2 .  L i m e  mud t o  one pond, 20 acres, no overflow. 
3.  Condenser water t o  flumes. 
4. 
5 .  S t e f f e n  waste t o  pond; d i sposed  by evapora t ion  (some seepage).  
6. S a n i t a r y  sewage t o  c i t y  lagoons .  

Flume and g e n e r a l  wastes n o t  sc reened .  
waste - 6000 t o  8000 lb /day .  

Discharged d i r e c t  - 8000 GPD x lo3.  BOD i n  

Pulp and pulp  p r e s s  water r ecyc led  t o  b a t t e r y  100%. 

E. Comments: Cost of waste t r ea tmen t  f a c i l i t i e s  $200,000. No f u t u r e  i n c r e a s e  i n  s l i c i n g  a n t i c i -  
pa t ed .  
waste d ischarged  p e r  t on  b e e t s  s l i c e d ,  ca 2330 g a l .  

Estimated pounds BOD d i scha rged  t o  stream per  ton  b e e t s  n o t  known. Volume 



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Chaska, Minnesota 

A. Beets s l i c e d ,  tons/day:--2000; Non-Steffen; Gross w a t e r  intake:--4000 (GPD x lO3j;  
Minnesota River and Spr ings :  Pre- t rea tment :  100% w i t h  Nalco 918; Cost of t r ea tmen t :  $4500/ 
y e a r .  

B. Flow s h e e t  t ype  111. Modi f i ca t ions :  No S t e f f e n .  Condenser water d i r e c t  t o  r i v e r  (no c o o l i n g ) .  
C.  In-Plant Water Flows (GPD x l o 3  ). 

Source: 

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 3000 
Condensers and Cooling 3500 150 0 
D i f f u s e r  Supply 0 325 

Other 4 64 

D .  Waste Treatment 
1. Flume and g e n e r a l  wastes sc reened ,  t hen  t o  one mud pond, 1 2  A, 8 t o  10 f t .  deep. Recycle 

2. L i m e  mud d ischarged  t o  l i m e  pond, 10 A .  Overflow t o  gene ra l  pond, 54 x 103 SPD. 
3 .  Condenser water d ischarged  d i r e c t  t o  river, 3000 x lo3  SPD. Temperature 25-40' C .  
4 .  Gas washer from r a w  and c l a r i f i e d  w a t e r .  Discharged t o  c l a r i f i e r ,  75 x l o 3  GPD. Acid 

5.  

(100%) back t o  f a c t o r y  w a t e r  c l a r i f i e r .  Mud t o  mud pond. L i m e  added a f t e r  s c reen ing .  

washes t o  l i m e  pond. S a n i t a r y  sewer t o  c i t y  sewage treatment p l a n t .  
Pulp and pulp p r e s s  water completely r ecyc led  - makeup wi th  condenser water. 

Spec ia l :  Expect 10% i n c r e a s e  i n  s l i c i n g .  W i l l  r e c y c l e  condenser water; dewater s ludge  from 
c l a r i f i e r .  Estimated c o s t  p r e s e n t  waste t r ea tmen t  system $250,000; o p e r a t i n g  c o s t  
$12,00o/year. 



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Moorhead, Minnesota 

A .  Beets s l f c e d ,  tons /day:  -3585; Long campaign:--644,000 t o n s  b e e t s ;  Gross water intake:--4328 

B. Flow s h e e t  t y p e  11. Modif ica t ions :  No S t e f f e n .  Excess condenser water t o  ponds o r  river (no 

C .  

(GPD x 103 ); Source: River, p r e - t r e a t e d  w i t h  Nalco #918. 

c o o l i n g ) .  Wastes ponded and discharged accord ing  t o  r iver  flow. 
In-Plant  Water Flows (GPD x l o3 ) .  

Raw Water Use Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

Recy c l  ed Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 1100 
Condensers and CoolinP 4328 3265 650 196 
D i f f u s e r  Supply 0 100% 
L i m e  Mud 0 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste n o t  screened.  Discharge t o  f o u r  ponds, t o t a l  area 183 acres, depth 

9 f e e t .  Discharge t o  r iver depends on river flow. Discharge u s u a l l y  about 106 CPD 
(only h a l f  t h a t  i n  mid-July, 1969). Some odor  problem dur ing  long  s t o r a g e .  941 g a l l o n s  
e f f l u e n t  d i scharged  p e r  t o n  b e e t s ,  3 .5  l b .  BOD i n  e f f l u e n t  p e r  t o n  b e e t s  (16,412 l b .  BOD 
p e r  day e q u i v a l e n t  t o  4.6 l b / t o n  b e e t s .  

campaign - discharged  w i t h  g e n e r a l  waste. 

Condenser water (excess  - 217 x l o3  GPD) d ischarged  d i r e c t  t o  river @ 45' C .  

About 1 l b .  BOD/ton l o s t  i n  s t o r a g e ) .  
2. L i m e  mud discharged t o  pond, 34 acres. No overflow. Waste h e l d  u n t i l  beginning n e x t  

3. Pulp and pulp p r e s s  water - 100% recyc led  t o  d i f f u s e r .  
4. 
5. S a n i t a r y  sewer t o  c i t y  sewer system. 
1300-1400 t o n  increased  s l i c i n g  dur ing  next  t e n  y e a r s .  Waste t rea tment  w i l l  i n c l u d e  a e r a t i o n ,  
c l o s e d  loop ,  r e c y c l i n g ,  c l a r i f y i n g .  With proposed changes, d i s c h a r g e  of wastes t o  stream w i l l  
b e  g r e a t l y  reduced. 

E. 



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Crookston, Minnesota 

P 
0 
w 

A .  

B. Flow s h e e t  t ype  11. Modi f i ca t ions :  No S t e f f e n .  Excess condenser w a t e r  t o  r i v e r .  Wastes , 

C .  

Beets s l i c e d ,  tons/day:--3494; T o t a l  campaign:--646000; Gross water intake:--5800 (GPD x lG3); 
Source: Red Lake R ive r ,  no t r ea tmen t .  

ponded, c o n t r o l l e d  d i scha rge  a f t e r  i c e  b reaks  up accord ing  t o  r i v e r  f low.  
In-Plan t  Water Flows (GPD x 103) .  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 1100 
Condensers and Cooling 5800 5500 3 86 300 
D i f f u s e r  Supply 0 386 
L i m e  Mud 0 

D. Waste Treatment 
1. Flume and g e n e r a l  waste sc reened ,  d i scharged  t o  two ponds, t o t a l  area 146 a c r e s ,  depth 14 

f t .  Re ten t ion  v a r i a b l e .  
t e r  s p r i n g  thaws. Cont ro l led  d i scha rge  t o  ma in ta in  d i s s o l v e d  oxygen down stream i n  r i v e r  
of 5 ppm and no d e l e t e r i o u s  e f f e c t  on domestic w a t e r  s u p p l i e s .  
362 x 106 

Discharged t o  Red Lake River u n t i l  r i v e r  f r e e z e s  - remainder a f -  

October 3-December 7 ,  1968, 
g a l l o n s  c o n t a i n i n g  500 ppm BOD d ischarged;  A p r i l  18-June 6 ,  1969, d i s c h a r g e s  as 

BOD 
North Pond 291.4 15 .O 850 
So 7th Pond 116.8 15.2 1580 
L i m e  Pond 17.0 0.5 4400 

fo l lows  : T o t a l  g a l  x 1 C 2 -  May GPD x 106 - 

2 .  L i m e  mud t o  two ponds, 12 acres. 
3 .  Condenser water excess ,  1500 GPD x 163 d ischarged  t o  r i v e r  @ 45O C .  
4 .  Other wastes t o  g e n e r a l  ponds. 
5. Pulp and pulp  p r e s s  water 100% recyc leu  t o  d i f f u s e r .  

s c r e e n s ,  r e c y c l e  of b e e t  flume water. Cost of p r e s e n t  waste water f a c i l i t i e s  $500,000. Annual 
o p e r a t i n g  c o s t s  $25,000. 

E .  S p e c i a l  Informat ion:  No  i n c r e a s e  i n  s l i c i n g  over 5000 tons /day  expected. Planned: A c l a r i f i e r ,  

Waste e f f l u e n t  t o  r i v e r  - g a l / t o n  b e e t s  1220; BOD, l b / t o n  b e e t s  8.8. 



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  East Grand Forks,  Minnesota 

A. Beets s l i c e d ,  tons/day:--2750; Gross water intake:--5000 (GPD x 103 ) ;  Source: Red River - a l l  
t r e a t e d  w i t h  2 ppm phosphate - c o s t  $2500/year. 

B. Flow s h e e t  t y p e  11. Modif ica t ions :  No S t e f f e n .  Wastes ponded (no s c r e e n i n g ) .  Cont ro l led  
d i s c h a r g e  a f t e r  ice  breaks  up, d u r i n g  f l o o d s .  

C. In-Plant Water Flows (GPD .x 103). 

Raw Water Use Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 500 

D i f f u s e r  Supply 0 400 
Condensers and Coolinp 4500 4000 400 12 

D. Waste Treatment 
1. Flume and g e n e r a l  wastes n o t  sc reened .  Discharged t o  one pond, 155 acres i n  11 bays.  

Reten t ion  t i m e  11 days.  Discharged t o  Red River of  t h e  North. Volume d ischarged  (GPD 
x 103) 4500 average. BOD i n  waste d ischarged  8250 l b j d a y .  Discharge r e g u l a t e d  t o  
avoicl high BOD c o n c e n t r a t i o n s  i n  r iver .  E f f l u e n t  a t  s tar t  about  1000 ppm BOD, i n  J u l y ,  
1969, 640 ppm. Typical  samples from r iver :  

DO - ppm BOD - ppm 
Above o u t f a l l  8.0 2 .6  
Below o u t f a l l  8.4 5.6 
2% m i l e s  below 4.4 3.4 
28 m i l e s  below 8.1 2.2 

2 .  L i m e  mud ddscharged t o  t h r e e  ponds, 5 acres. No overf low d ischarge .  I n  s p r i n g  about 

3 .  Condenser water t o  f lumes,  
4.  

2000 - 3000 lb /day  BOD d ischarged .  

S a n i t a r y  sewer t o  C i t y  Sewage P l a n t .  
E .  Comments: Main pond c o n t a i n s  f l o o r  drainage.  Waste l i n e  runs two m i l e s  underground t o  

r iver .  Impossible  t o  empty pond r a p i d l y  dur ing  r iver  f l o o d .  



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Drayton, North Dakota 

A.  Beets s l i c e d ,  tons/day:--3915; T o t a l  s l i c e d ,  campaign:--688721; Gross water intake:--8794 
Trea ted  wi th  2 ppm PO4. 

B. Flow s h e e i  t ype  111. Modi f i ca t ions :  No S t e f f e n .  Condenser water n o t  cooled and r ecyc led .  ' 

C .  

(GPD x lo3 ) ;  

Wastes ponded, c o n t r o l l e d  d i s c h a r g e  t o  r i v e r  du r ing  f l o o d s  i n  s p r i n g .  
In-Plan t  Water Flows (GPD x l o 3 ) .  

Source: River - 2% of water from C i t y  of Drayton. 

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 
Flumes 0 870 
Condenser and Cooling 8500 7 8OOx 398 246 
D i f f u s e r  Supply 0 370 
L i m e  Mud 0 
Other 294 
*Includes 1000 t o  b e e t  washer and s p r a y s .  

D. Waste Treatment 
1. Flume and g e n e r a l  waste sc reened .  Discharged t o  two ponds, 250 a c r e s  t o t a l ,  16 f t .  deep, 

7 days r e t e n t i o n  u n t i l  f reeze-up ,  t hen  u n t i l  i ce  break-up i n  r i v e r  ( s p r i n g ) .  Discharged 
t o  Red R ive r ,  5490 GPD x 103 
river c o n d i t i o n s .  T o t a l  wastes d ischarged  t o  river 2000 g a l / t o n  of b e e t s ,  BOD i n  d i s c h a r g e  
14 / ton .  

2. L i m e  mud t o  one pond, 60 acres, over f low d ischarged  t o  g e n e r a l  ponds. 
3. Other wastes, f l o o r  d ra inage  5 x IO3 

t o  main sewer. 
4 .  Pulp and pu lp  p r e s s  water 100% recyc led .  

E.  Suspended s o l i d s  100% removed i n  lagoons ,  10% of BOD reduced. No i n c r e a s e  i n  p l a n t  c a p a c i t y  
expected. No change i n  waste d i s p o s a l  planned. S a n i t a r y  sewage t o  Drayton c i t y  lagoon 
( e s t ima ted  BOD 64 lb /day ) .  

i n  f a l l ,  31,667 i n  spring-summer, r e g u l a t e d  accord ing  t o  

GPD, BOD 210 lb /day  (sugars  300 l b ) .  Gas washer 

No odor problem. 



WATER USE, RE-USE AND DISPOSAL 
American C r y s t a l  Sugar Company a t  Mason C i t y ,  Iowa 

A. 

B. Flow s h e e t  type  11. Modi f i ca t ions :  No S t e f f e n .  Flume and g e n e r a l  waste n o t  s c reeeed ,  re- 

Beets s l i c e d ,  tons/day:--1881; Non-Steffen; Gross water intake:--7340 (GPD x l o 3  1; Source : ,  
Wells - 860, River - 6480 (Winnebago R i v e r ) .  

cyc led  back t o  flumes. Excess h e l d  190 days ,  t hen  d ischarged  t o  r i v e r .  No d i scha rge  from 
l i m e  pond. Excess condenser d i scharged  t o  r i v e r .  
In-Plan t  Water Flows (GPD x 203).  C .  

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 
Flumes 1720 7 150 
Condensers and Cooling 5370 365 
D i f f u s e r  Supply 225 
L i m e  Mud 250 

D. Waste Treatment 
1. Flumes and g e n e r a l  waste no t  sc reened .  

85 acres t o t a l .  Re ten t ion  3 t o  282 days.  Then d i scha rged  t o  r i v e r .  Volume 1036 average  
(193 day p e r i o d ) .  
L i m e  mud ponded, one pond - 38 acres, overflow n o t  d i scha rged .  
BOD i n  waste t o  pond 3680 lb /day .  

ppm average .  

Ca(OH)2 added, d i scharged  t o  t h r e e  ho ld ing  ponds - 

BOD i n  w a s t e  d i scharged  8991 lb /day .  Some odor problem. 
2.  

3.  Condenser water. Excess d ischarged  t o  river @ 33' C.  average ,  5000 x lo3 GPD. BOD 61 

4 .  Pulp and pulp  p r e s s  water r ecyc led  t o  d i f f u s e r .  
5. 638 g a l l o n s  ponded water p l u s  2658 g a l l o n s  condenser water p e r  ton  of b e e t s ,  d i scha rged  t o  

Volume 98 x lo3 GPD. 

stream. About 6.89 l b s  BOD t o  stream p e r  ton  of b e e t s  s l i c e d .  
Spec ia l :  F u t u r e  i n c r e a s e  i n  s l i c i n g ,  ca 10%. Expect t o  e f f e c t  c losed  loop  waste t r ea tmen t .  

Waste d ischarged  t o  r iver ,  r e g u l a t e d  over  p e r i o d  of about t e n  months t o  i n s u r e  p o s i t i v e  
oxygen ba lance .  



WATER USE, RE-USE AND DISPOSAL 
Buckeye Sugars,  I n c .  a t  O t t a w a ,  Ohio 

A .  Beets s l i c e d ,  tons/day:--1600-1700; T o t a l  campaign:--220,000; Gross water intake:--2,000 

B. Flow sheeL t y p e  111. Modif ica t ions :  No S t e f f e n .  Mechanical c l a r i f i e r  f o r  flurne water, then'ce 

C .  In-Plant  Water Flows (GPD x l o 3 ) .  

(GPD x 103 ,; Source: 

t o  ponds - 120 days r e t e n t i o n .  Cont ro l led  d ischarge .  

Blanchard River ( s e t t l i n g  pond t o  remove s e t t l e a b l e  s o l i d s ) .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 

Condensers and Cooling 2000 3560 4 60 35 60 72 
D i f f u s e r  Supply 0 100% 

D .  Waste Treatment 
1. Flume and g e n e r a l  w a s t e  sc reened ,  l i m e  added (pH 9)  t o  c l a r i f i e r ,  mud t o  ponds, sedimenta- 

t i o n  pond, 3 acres, t o  main h o l d i n g  pond, 8 acres, 12 f t .  banks,  t o  r e c y c l e .  Then t o  Blan- 
chard River; 120 day r e t e n t i o n  i n  ponds. 

a e r a t o r s  i n  hold ing  pond t o  c o n t r o l  odor  and reduce BOD. 

110 g a l  waste d ischarged/ ton  b e e t s  and 0.14 l b  BOD/ton b e e t s .  

2. L i m e  mud t o  two ponds, 5 acres, 5 f t .  deep, overf low t o  8 acre hold ing  pond. Two 74 HP 

3 .  Pulp and pulp  p r e s s  water r e c y c l e d  t o  d i f f u s e r  - 100%. 
4. 
5 .  Condenser water recyc led  through s p r a y  pond, 6 acres. 
6. S a n i t a r y  sewer t o  c i t y  sewage p l a n t .  
7. Gas washer,  source ,  condensers ,  d i scharged  t o  flumes. 
8. F l o o r  d r a i n s  t o  main sewer t o  hold ing  pond. 

accumulates dur ing  campaign - c o n t r o l l e d  d i s c h a r g e  a f te rward .  No i n c r e a s e  i n  s l i c i n g  contem- 
p l a t e d .  F u t u r e  p lans :  a l l  waste waters, a f t e r  s c r e e n i n g  and s e t t l i n g ,  w i l l  go t o  new c i t y  
sewage t rea tment  p l a n t  when completed i n  1970 o r  1971. 
y d . ,  $20,000 annual ly .  C i t y  w i l l  charge  $12,000 annual ly .  Estimated f u t u r e  c o s t  of waste 
d i s p o s a l  $0.16/ton b e e t s .  

E .  Comments: Sodium n i t r a t e  and copper s u l f a t e  added t o  s e t t l i n g  pond. 23 x 106 g a l  w a s t e  

Cost of c l e a n i n g  lagoons $1.00 p e r  cu. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Loveland, Colorado 

A .  Beets s l i c e d ,  tons/day:--3688; T o t a l  campaign:--399000; Molasses worked, tons/day:--190; T o t a l  
campaign:--20300; Gross water in take : - -  13070 (GPD x l o 3  ) ;  Source: Lake Loveland (from Big ' 
Thompson River )  - 13,000; from c i t y  - 70. C i t y  water f i l t e r e d  and c h l o r i n a t e d .  

B. Flow s h e e t  t ype  11. Modi f i ca t ions :  Condenser w a t e r  t o  f lumes ,  excess t o  streams. A l l  o t h e r  
water usage  from r a w  water. S t e f f e n  waste evaporated.  

C. In -Plan t  Water Flows (GPD x 103) .  

Raw Water U s e  Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Con denser  s Supply S t e f f e n  Mud 
Flumes 0 0 
Condensers and Cooling 11000 9670 
D i f f u s e r  Supply 670 670 670 
L i m e  Mud 710 
S t e f f e n  D i l u t i o n  432 45% 
Miscellaneous 258 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste no t  s c reened .  Discharged t o  t h r e e  ponds, t o t a l  119 acres, 1 f t .  

deep. Reten t ion  4 days.  
over f low from Boyd Lake runs  through ponds, up t o  5000 GPD x l o3 .  
DO i n  e f f l u e n t  rises t o  7 ppm. 

Discharged t o  Big Thompson River  - 967n GPD x lo3. A t  t i m e s  
When t h i s  happens, 

2 .  L i m e  mud 500 GPD x 10.3 runs  i n t o  flume water ponds. 
3 .  Condenser water: 928 GPD x 103 d i r e c t  t o  Boyd Lake; remainder t o  flumes. 
4 .  S t e f f e n  waste evapora ted .  
5. Other f a c t o r y  wastes t o  main ponds. T o t a l  volume - 135 x l C 3  GPD. 
6. 

s e p a r a t e  l i m e  pond. 

Pulp and pulp  p r e s s  water r ecyc led .  
E .  Comments: N o  planned i n c r e a s e  i n  s l i c i n g .  W i l l  i n s t a l l  100% flume water r e c i r c u l a t i o n  and 

Cost of waste water system $1,000,000. Annual c o s t  $50,000. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Greeley,  Colorado 

./( 
A .  Beets s l i c e d ,  tons/day:--2145; T o t a l  campaign:--219000; Gross water intake:--6050 (GPD x lo3);  

Source: Wells - 806, Cache l a  Poudre - 4315, C i t y  s torm sewer - 1939; 11% f i l t e r e d  and 
c h l o r i n a t e d .  

g e n e r a l  ponds - a l l  d i s c h a r g e  t o  long  winding d i t c h  - 5900 f t .  t o  stream. 
B .  Flow s h e e t  type  11. Modif ica t ions :  No S t e f f e n .  Raw water t o  l i m e  mud t o  l i m e  pond. No 

C .  In-Plant  Water Flows (GPD x l o 3 ) .  

Raw Water U s e  Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

S t e f f e n  Mud Recycled Flumes Condenser Supply 
Flumes 0 2560 
Condensers and Cooling 5121 1800 258 
D i f f u s e r  Supply 0 258 
L i m e  Mud 2 02 

D. Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  d i scharged  through a winding d i t c h  - 15 f t .  wide by 6 f t .  

deep, 5900 f t .  long  t o  Poudre River. Area of d i t c h  3.7 acres. Reten t ion  t i m e  5% hours .  
Volume 6050 GPD x IC3# 

Condenser water excess d ischarged  t o  d i t c h  w i t h  flume water t o  Poudre River. 

BOD i n  d i s c h a r g e ,  3 l b / t o n  b e e t s .  
2 .  L i m e  mud t o  pond, 4.6 acres. No overf low - s e e p s  away. 
3. 
4 .  A l l  o t h e r  f a c t o r y  wastes t o  main sewer t o  flume water d i t c h .  Volume 200. 
5 .  S a n i t a r y  sewer t o  c i t y  sewage t rea tment .  
6. Pulp and pulp  p r e s s  water 100% recyc led  t o  d i f f u s e r .  
7 .  E f f l u e n t  discharged 2400 g a l / t o n  b e e t s .  BOD i n  e f f l u e n t ,  3.12 l b / t o n  b e e t s .  

planned. Also,  c o o l i n g  and r e c i r c u l a t i o n  of condenser water. W i l l  need a d d i t i o n a l  water. BOD 
w i l l  b e  reduced t o  0 .4  l b / t o n .  

Volume 3700. 

E .  Comments: No i n c r e a s e  i n  s l i c i n g  planned. Holding ponds and t o t a l  r e c y c l i n g  of flume water 

Cost of p r e s e n t  waste t rea tment  $182,000. Annual o p e r a t i n g  c o s t  
$10,000. 

J( 
Does n o t  e q u a l  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process u s e s  of water. 
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WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Eaton. Colorado 

A. 

B. Flow s h e e t  t y p e  11. Modif ica t ions :  No S t e f f e n .  Raw water t o  l i m e  mud - l i m e  pond. 
C. In-Plant  Water Flows (GPD x lC3). 

Beets s l i c e d ,  tons/day:--2000; T o t a l  campaign:--217140; Gross water intake:--3268 (GPD x 103)'; 
Source: Wells - 3100, C i t y  - 140. Pre- t reatment:  main water Nalco 11128, c o s t  $2bOO/year. 

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condenser Supply S t e f f e n  Mud 
Flumes 0 5050 
Condensers and CoolinP 3116 3116 288 

L i m e  Mud 152 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste screened and pumped t o  two mud ponds, 0.35 acres each, used 

a l t e r n a t e l y  (10 f t ,  deep) ,  one s e t t l i n g  s u r g e  pond (0.4 acres x 4 f t .  deep).  Ion  exchange 
r e g e n e r a n t s  t o  chemical pond (1.3 a c r e s )  - no d ischarge .  Seepage, zero  BOD t o  stream. 

2. Condenser water t o  s p r a y  pond. Two w e l l s  (1500 GPM each)  pumped t o  c o o l  water. Overflows 
t o  6 m i l e  d i t c h  t o  Poudre River .  

3. L i m e  mud ponded. One pond, ca 6 acres. Overflow t o  seep  d i t c h ,  No d i s c h a r g e  t o  r iver .  
4.  S a n i t a r y  sewage t o  c i t y  sewer system. 
5. Other wastes: gas washer water, source  w e l l s  - discharged  t o  seep  d i t c h .  

E .  Comments: Milk of l i m e  added t o  flume water a f t e r  s c r e e n i n g  pulp and pulp  p r e s s  water r e c y c l e d  
t o  d i f f u s e r .  No i n c r e a s e  i n  s l i c i n g  a n t i c i p a t e d .  No change i n  waste t rea tment .  Cost of waste 
t rea tment  f a c i l i t y  $160,000. Operat ing c o s t  $26,000 p e r  year .  
b e e t s  - 760 g a l .  

E f f l u e n t  t o  stream p e r  ton 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Longmont, Colorado 

P 
P 
P 

A.  Beets s l i c e d ,  tons/day:--3307; T o t a l  campaign:--378000; Molasses worked, tons/day:--189; T o t a l  
S t .  Vrain River  - 10,000, campaign:--21620; Gross water intake:--11000* (GPD x 103 ? ;  Source: 

C i t y  - 970; C i ty  water f i l t e r e d  and c h l o r i n a t e d .  
Flow s h e e t  t ype  111. Modi f i ca t ions :  
pond. No d i scha rge  - seepage. Condenser water d i r e c t  t o  streams. 
In-Plant  Water Flows (GPD x l o 3 ) .  

B.  

C .  

Raw water t o  d i f f u s e r  make-up and t o  l i m e  mud - t o  l i m e  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 3597 (4660) 
Condensers and Cooling 9000 
D i f f u s e r  Supply 432 432 
L i m e  Mud 216 
S t e f f e n  D i l u t i o n  432 

D .  Waste Treatment 
1. Flume and gene ra l  waste screened;  3600 r ecyc led  d i r e c t  t o  flumes; 4660 l imed,  thence  t o  

mud lagoon ( a )  o r  (b) 0.276 a c r e s ,  10 f t .  deep t o  (b)  su rge  pond 1.79 acres, thence  t o  
f lumes,  o r  excess  t o  ( c )  anaerobic  pond 1.61 a c r e s ,  15 f t .  deep. Latter h e l d  u n t i l  BOD 
i s  reduced t o  100 ppm b e f o r e  d ischarge .  Normally no d i scha rge  t o  stream. Some odor i n  
( c ) ;  c o r r e c t e d  by two 25 HP a e r a t o r s .  Pond, t h e r e f o r e ,  no t  a l t o g e t h e r  anaerobic .  

2 .  Condenser water d i r e c t  t o  stream. 
3 .  L i m e  mud t o  pond, 22 acres, supe rna tan t  evapora tes  o r  seeps  - no d i scha rge .  
4 .  S t e f f e n  waste evapora ted .  
5. S a n i t a r y  sewage t o  s e p t i c  t ank  and l each  f i e l d .  
6. Gas washer water, sou rce ,  r a w  water d ischarged  t o  i n t a k e  pond. 

water on ly )  d i scharged  p e r  t o n  b e e t s ,  BOD t o  stream 0.35 l b / t o n  of b e e t s .  
E .  Comment: Cost of waste f a c i l i t i e s  $260,000. Annual o p e r a t i n g  c o s t  $40,000; 890 g a l  (condenser 

*Does no t  equal  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process uses  of water. 



WATER USE, Rl3-USE AND DISPOSAL 
The Great Western Sugar Company a t  S t e r l i n g ,  Colorado 

A. Beets s l i c e d ,  tons/day:--2435; T o t a l  campaign:--290000; Gross water intake:--6100 (GPD x 103) ;  
Source: River  - 5100, C i t y  - 1000, Wells ( i n  emergency, as r iver f r o z e n ) .  Pre-treatment Nalco 
918. Cost $1500/year. 

stream (no ponds).  L i m e  mud t o  ponds - no overflow. Condenser water excess d i r e c t  t o  r i v e r .  
B. Flow s h e e t  t ype  11. Modi f i ca t ions :  No S t e f f e n .  Flume water and g e n e r a l  wastes d i r e c t  t o  

C. In-Plant Water Flows (GPD x l o 3 ) .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flume Condensers Supply S t e f f e n  Mud 
Flume 1525 1403 
Condensers and Cooling 4179 0 4179 - - 
D i f f u s e r  Supply 151 454 

Misce l laneous  183 

D. Waste Treatment 
1. 

2 .  L i m e  mud t o  pond, 4 . 4  a c r e s .  Overflow i s  n o t  d i scharged  b u t  pond c l o s e  t o  r i v e r ;  perhaps 

3. 
4 .  Other wastes - 70,000 ga l /day .  BOD n o t  known, discharged  t o  r i v e r .  
5. S a n i t a r y  sewer t o  S t e r l i n g  Sewage Treatment System. 
6.  Pulp p r e s s  water 100% recyc led .  
7 .  

flume w a t e r  r e c i r c u l a t i o n  system w i t h  ponds - $250,000; annual  o p e r a t i n g  c o s t s  $25,000. 
Estimated volume e f f l u e n t  p e r  t on  of b e e t s  2415; BOD 5.6 l b / t o n  b e e t s .  

Flumes and g e n e r a l  waste n o t  sc reened .  
m i l e  d i t c h  - 5612 GPD x 103,  

seepage  , 
Condenser water d ischarged  d i r e c t  t o  r i v e r ,  4117 GPD x 103  

Discharged d i r e c t  t o  South P l a t t e  River through 3/4 
con ta in ing  13,500 l b  BOD pe r  day. 

45' C. 

Present o p e r a t i n g  c o s t s  of waste water handl ing  about  $1500 per  yea r .  
E. Comments: No i n c r e a s e  i n  s l i c i n g  a n t i c i p a t e d .  Planned (1970-71) changes i n  waste t r ea tmen t :  
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WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Brighton,  Colorado 

A. Beets s l i c e d ,  tons/day:--2178; T o t a l  campaign:--278000; Gross water intake:--4070 (GPD x 103) ;  
Source: Wells - 864, River - 3136, C i t y  - 70. Water i n t a k e  screened ,  t r e a t e d  w i t h  Nalco. 
Cost $4000/year.  

B. Flow sheet type  111. Modif ica t ions :  Raw water t o  l i m e  mud - t o  l i m e  pond. No d ischarge .  
Excess condenser water - very  l i t t l e  - d i r e c t  t o  d i t c h ,  t o  r iver.  

C .  In-Plant  Water Flows (GPD x l o 3 )  I 
P r a c t i c a l l y  no BOD t o  stream. 

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 5750 
Condenser and Cooling 3872 3740 305 
D i f f u s e r  Supply 360 
L i m e  Mud 198 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste screened;  t o  mud pond ( a )  0.253 acres, t o  (b) suge pond 1.77 acres, 

recyc led  t o  flumes o r  t o  ( c )  when bui ld-up o c c u r s ,  17.1 acres. 
o r  evapora tes .  

2 .  Condenser water t o  s p r a y  pond, r e c i r c u l a t e s  t o  condensers.  A d d i t i o n a l  water added t o  lower 
temperature  - overf low t o  d i t c h  and South P l a t t e  River. 
lcwer temperature .  

3. L i m e  mud t o  l i m e  pond, 4 acres, overf low s e e p s  away o r  evapora tes .  No BOD d ischarged .  
4. S a n i t a r y  sewage t o  c i t y  sewage system. 
5. Milk of l i m e  added t o  flume water a f t e r  process ing .  
6. Pulp and pulp  p r e s s  water r e c y c l e d  t o  d i f f u s e r .  

No d i s c h a r g e  from ( c )  - seeps  

New p l a n s  i n c l u d e  more s p r a y s  t o  

E .  Comments: Cost of f a c i l i t y  $300,000. Annual o p e r a t i n g  c o s t  $54,000. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  F o r t  Morgan, Colorado 

A .  Beets s l i c e d ,  tons/day:--3632; T o t a l  campaign:--453433; Molasses worked, tons/day:--187; T o t a l  

B. Flow s h e e t  t ype  11. Modi f i ca t ions :  Raw water t o  flumes t o  d i f f u s e r  make-up and l i m e  mud. 

C .  In-Plant Water Flows (GPD x lC3). 

* campaign:--23390; Gross water intake:--12000 (GPD x 103) ; Source: South P l a t t e  River .  

Flume and g e n e r a l  wastes n o t  sc reened  - t o  ponds - t o  r i v e r .  84% S t e f f e n  waste evaporated.  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 7990 0 
Condensers and Cooling 2203 0 
D i f f u s e r  Supply 194 483 
L i m e  Mud 272 0 
S te f  f en D i l u t i o n  249 0 

D. Waste Treatment 
1. Flume and g e n e r a l  waste n o t  sc reened .  Discharged t o  two ponds, 2% a c r e s  each, 3 f t .  deep, 

r e t e n t i o n  3 hour s ,  Thence t o  r i v e r .  
2 .  L i m e  mud t o  one pond, 10 acres, overflow to  r iver - 272 GPD x 103. 

waste. 
3 .  Condenser water d ischarged  d i r e c t .  Volume 4000 GPD x 103, tempera ture  30' C.  
4 .  S t e f f e n  waste evapora ted  - 85% of t o t a l .  Remainder t o  main sewer. 
5. Other wastes - f l o o r  d ra inage ,  gas  washer water, chemical washes d ischarged  t o  main sewer. 
6. S a n i t a r y  sewer t o  c i t y  sewer p l a n t .  
7 .  Pulp and pulp  press water 100% recyc led .  

E .  Comments: S l i c i n g  t o  b e  i n c r e a s e d  2400 tons  between 1969 and 1979. Waste t r ea tmen t  t o  i n c l u d e  
flume water r e c i r c u l a t i o n .  Cost $250,000. Opera t ing  c o s t  $25,000 pe r  y e a r  ( e s t ima ted ) .  Cost 
of p r e s e n t  f a c i l i t i e s  $150,000, $3500 per  yea r .  E f f l u e n t  d i scha rge  2200 g a l  p e r  ton  b e e t s ,  
c o n t a i n i n g  5 l b  BOD p e r  ton  b e e t s .  

Volume 12,000 GPD x lo3, 20,000 l b .  BOD pe r  day. 
BOD inc luded  i n  g e n e r a l  

* Does n o t  equa l  t a b u l a t e d  2aw water u s e  due t o  o t h e r  non-process uses  of water. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  B i l l i n g s ,  Montana 

A .  Beets s l i c e d ,  tons/day:--4250; T o t a l  campaign:--595000; Molasses worked, tons/day:--180; T o t a l  

B .  Flow s h e e t  t y p e  11. Modif ica t ions :  Raw water f o r  a l l  purposes ,  except  1250 x 10.3 GPD con- ' 

C .  

campaign:--25200; Gross water intake:--18000* (GPD x 103 

denser  w a t e r  reused i n  flumes. S t e f f e n  waste t o  l i m e  pond u n t i l  1968-69; evaporated i n  1969-70. 
In-Plant  Water Flows (GPD x 103) .  

; Source: Yellowstone River. 

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 

Condensers and Coolinp 3000 0 1250 0 
D i f f u s e r  Supply 170 756 

S t e f f e n  D i l u t i o n  128 

D .  Waste Treatment 
1. Flume and g e n e r a l  w a s t e  screened:  2000 discharged t o  pond ( i n  1968) - 3 b a s i n s ,  1 / 3  acre each; 

two used a t  same t i m e .  Then t o  long  channel  - 6 p a s s e s ,  1000 f t .  each by 35 f t .  wide. New, 
one a d d i t i o n a l  pond 1400 f t .  long x 60 f t .  wide. Discharges t o  Yeager d i t c h  and t o  r iver .  
Cost c l e a n i n g  channels  and ponds dur ing  and a f t e r  campaign about  $13,000. BOD e n t e r i n g  
system 770 ppm, l e a v i n g  about  700 ppm ( no change).  Later (December) BOD 300 ppm. Set t le-  
a b l e  s o l i d s  reduced from 4000, average t o  125 ppm. 
from ponds - some bypassed. T o t a l  perhaps 11 m i l l i o n .  

Condenser water - 1420 GPD x 103 
S t e f f e n  waste evaporated i n  1969 - p r e v i o u s l y  t o  l i m e  pond. 

Volume e f f l u e n t  8-10 m i l l i o n  ga l /day  

2 .  L i m e  mud t o  one pond, 40 acres. No overflow. 
3 .  
4.  
5 .  Other wastes t o  sewer. 
6 .  S a n i t a r y  sewer t o  c i t y  p l a n t .  

d i scharged  t o  r iver  a t  55' C.  

E. Comment: Volume e f f l u e n t  about  2600 g a l  p e r  t o n  b e e t s  - about  7 l b .  BOD p e r  t on  b e e t s .  

3; Does n o t  e q u a l  t a b u l a t e d  r a w  w a t e r  use  due t o  o t h e r  non-process uses  of water. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  L o v e l l ,  Wyoming 

A . 
B .  Flow s h e e t  t y p e  11. Modif ica t ions :  No S t e f f e n .  Raw water t o  flumes. Flume water screened ,  

C .  In-Plant  Water Flows (GPD x 103) .  

Beets s l i c e d ,  tons/day:--2183; T o t a l  campaign:--310000; Gross water intake:--5000* (GPD x , 
l o 3  ); Source: Shoshone River. 

then  t o  r iver ,  no g e n e r a l  s e t t l i n g  ponds, L i m e  mud t o  ponds - no d ischarge .  

Raw Water Use Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 2248 

D i f f u s e r  Supply 0 432 
L i m e  Mud 200 

Condensers and Cooling 1552 1312 240 0 

D .  Waste Treatment 
1. Flumes and g e n e r a l  waste screened  (1969) - 3 v i b r a t i n g  s c r e e n s ,  t h e n  d i r e c t  t o  river--4424, 

2. L i m e  mud t o  pond, 29 acres. No overf low - evapora t ion  and seepage. 
3. Condenser water d ischarged  d i r e c t  t o  r i v e r  - 1312. 
4 .  Other wastes: gas  washer water 100; f l o o r  d r a i n a g e  72; b o i l  o u t s  - a l l  t o  sewer and r iver .  
5 .  S a n i t a r y  sewage t o  c i t y  p l a n t .  

(bu t  c o n s i d e r a b l e ) .  E f f l u e n t  t o  stream 2010 g a l  p e r  t on  b e e t s .  BOD t o  streams n o t  a v a i l a b l e  
( a u t h o r ' s  estimate 8-10 l b s  p e r  t o n  b e e t s ) .  

no ponds. 

E. Comments: Cost of p r e s e n t  waste t rea tment  f a c i l i t i e s  $57,000; o p e r a t i n g  c o s t s  n o t  a v a i l a b l e  

No i n c r e a s e  i n  s l i c i n g  planned. 

* Does n o t  equal  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process u s e s  of water. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company, S c o t t s b l u f f ,  Nebraska 

I-' 
I-' 
4 

A. Beets s l i c e d ,  tons/day:--3366; T o t a l  campaig;:--336860; Molasses worked, tons/day:--175; T o t a l  
campaign:--16600; Gross water intake:--12000 
9600. Pre- t rea tment :  Nalco 11519 t o  70% of f low.  

and g e n e r a l  wastes n o t  sc reened  b u t  t o  ponds, then  r i v e r .  
In-Plan t  Water Flows (GPD x 103) .  

(GPD x l C 3  ) ;  Source: Wells - 2400, Winter Creek - 

B.  Flow s h e e t  t ype  11. Modi f i ca t ions :  I n  1968-69, pu lp  t o  s i l o ,  i n  1969-70 t o  d r y e r  (11) .  Flume 

C .  
S t e f f e n  waste evapora ted .  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 2500 0 
Condensers and Cooling 7750 0 7500 1023 
D i f f u s e r  Supply 1203 
L i m e  Mud 5 
S t e f f e n  D i l u t i o n  2 40 

D.  Waste Treatment 
1. Flumes and g e n e r a l  wastes n o t  s c reened ,  t o  ponds, t h r e e  i n  use  each y e a r ,  100 acres, 6 f t .  

deep, thence  t o  North P l a t t e  R ive r ,  
BOD, p e r  day. 

Volume (Nebraska S t a t e  measurements) 4450; 23,500 l b  

2 .  L i m e  mud t o  ponds, over f low t o  g e n e r a l  ponds. 
3 .  Condenser water - 1572 d i scha rged  t o  g e n e r a l  ponds, remainder (except 1023) t o  f lumes ,  

4 .  S t e f f e n  waste - 100% evapora ted .  
5 .  Other wastes, inc lud ing  s a n i t a r y  sewer, t o  g e n e r a l  ponds. 
6. 

Volume 4.5 GPD x lC3. BOD unknown. 

thence  t o  ponds and r i v e r .  

Pulp and pu lp  p r e s s  water r ecyc led  t o  d i f f u s e r .  
no pulp  si30 dra inage  i n  1969-70 campaign. 

Pulp d r y e r  i n s t a l l e d  i n  summer 1969; hence 

E .  Comments: Flow f i g u r e s  n o t  c o n s i s t e n t .  The i r  estimate of e f f l u e n t  p e r  t on  b e e t s  s l i c e d  1367 
g a l ;  7 l b  BOD p e r  t on  s l i c e d .  Probably c o n s i d e r a b l e  seepage t o  r i v e r .  Proposed changes ex- 
pec ted  t o  reduce BOD t o  2 l b / t o n .  

*Does n o t  equa l  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process uses  of water. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Gering, Nebraska 

A.  Beets s l i c e d ,  tons/day:--2250; T o t a l  campaign:--240000; Molasses worked, tons/day:--100; 

B. Flow s h e e t  type  11. Modif ica t ions :  Raw water t o  flumes. L i m e  pond has  no d ischarge .  S t e f f e n  

C .  

T o t a l  campaign:--12000; Gross water intake:--5000 (GPD x 103 ) ; Source: 

w a s t e  evaporated.  Condenser water t o  flumes - no r e c y c l e .  
In-Plant  Water plows (GPD x 103).  

Winter Creek. 

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 2500 
Condensers and Coolinp 2476 2476 0.5 

L i m e  Mud 1 
S t e f f e n  D i l u t i o n  13 

D.  Waste Treatment 
1. Flume and g e n e r a l  wastes screened  and d ischarged  t o  two ponds, 3 acrea each. R e t e n t i o n  t i m e  

2 .  L i m e  mud d ischarged  t o  pond, 5 acres. No overf low - seeps .  
3 .  
4. S t e f f e n  waste 100% evapora ted .  
5. Other wastes a l l  t o  main sewer, i . e . ,  t o  g e n e r a l  wastes. 
6. Pulp and pulp  p r e s s  water a l l  r e c y c l e d  t o  d i f f u s e r .  

E .  Comments: No i n c r e a s e  i n  s l i c i n g  planned. Flume water s e t t l i n g  b a s i n  c o n s t r u c t e d  i n  1969 t o  
remove s e t t l e a b l e  s o l i d s .  Est imated c o s t  of t rea tment  f a c i l i t i e s  $52,000; annual  c o s t s  $5,000. 
E f f l u e n t  d i scharged  p e r  t on  b e e t s  2220 g a l .  BOD 5.0 l b / t o n  b e e t s .  No flume water r e c i r c u l a -  
t i o n  planned. Note: Check made 10-29-69--BOD p e r  day 11,000, suspended s o l i d s  i n  e f f l u e n t  
830 ppm. 

2 hours .  Discharged, 5000, t o  North P l a t t e  River. BOD i n  e f f l u e n t  12,000 lb /day .  

Condenser water d ischarged  d i r e c t  - 2476 @ 35' C. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Bayard, Nebraska 

* 
A. Beets s l i c e d ,  tons/day:--2174; T o t a l  campaign:--216037; Gross water intake:--8290 

B. Flow s h e e t  t y p e  11. Modif ica t ions :  No S t e f f e n .  Flume and g e n e r a l  w a s t e  n o t  sc reened ,  r u n l t o  

C .  In-Plant  Water Flows (GPD x 103) .  

(GPD x 103) ;  
Source: River - pre- t reatment  t o  90%. Nalco 11918. Cost $1800 p e r  y e a r .  

f o u r  g e n e r a l  ponds, thence  t o  r iver .  L i m e  mud t o  g e n e r a l  ponds. 

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 
Condensers and Cooling 6500 6000 233 
D i f f u s e r  Supply 0 2 85 

P 
P 
W 

D ,  Waste Treatment 
1. Flume and g e n e r a l  w a s t e  n o t  sc reened .  To ponds ( f o u r ) ,  t o t a l  120 acres, 4 f t .  deep. 

Discharged t o  North P l a t t e  River .  
measurement). 

Condenser water excess above i n - p l a n t  re-use about  1200 t o  g e n e r a l  ponds, t empera ture  55' C. 

Volume e f f l u e n t  6300, BOD 1100 lb /day  ( S t a t e  of Nebraska 

2 .  L i m e  mud t o  g e n e r a l  ponds ( f o u r ) ,  120 a c r e s .  Volume 13 GPD x 103. 
3.  
4 .  Other wastes a l l ,  i n c l u d i n g  s a n i t a r y  sewer, t o  main ponds, 120 acres. 
5. Pulp and pulp  p r e s s  water recyc led  t o  d i f f u s e r .  
Comments: 
wastes-- 1% l b  per  day--to mask odors .  
No changes i n  waste t rea tment  planned. Cost of  waste t r e a t m e n t  f a c i l i t i e s  $37,000. Operat ing 
c o s t s  $4350 p e r  y e a r .  

Does n o t  equal  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process u s e s  of water. 

E. This  f a c t o r y  and a few o t h e r s  of Great Western Sugar Company d r i p  Nalco 674 i n t o  
Forty-day i n c r e a s e  i n  campaign f o r  1969-70 campaign. 

Volume e f f l u e n t  2890 g a l  p e r  t o n  b e e t s .  BOD es t imated  5 l b  p e r  t o n  b e e t s .  

* 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  M i t c h e l l ,  Nebraska 

* A .  Beets s l i c e d ,  tons/day:--2184; T o t a l  campaign:--229274; Gross w a t e r  intake:--8500 
Source: Wells - 1500, Spot ted Y e l l o w t a i l  Creek - 7000. Pre- t reatment  85% w i t h  Nalco 918. 
Cost  $1100/year.  

B.  Flow s h e e t  t y p e  11. Modif ica t ions :  No S t e f f e n .  Flume and g e n e r a l  wastes n o t  sc reened ,  r u n  t o  
ponds, t h e n c e  t o  r iver .  L i m e  mild t o  flume ponds. 

C .  In-Plant  Water Flows (GPD x l r 3 ) .  

(GPD x 103);  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 
Condensers and Cooling 6500 0 4250 0 

D .  Waste Treatment 
1. Flumes and g e n e r a l  wastes n o t  sc reened .  To ponds, one w i t h  f i ve  s e c t i o n s ,  88 acres,  t o t a l .  

Depth 6 f t .  Days r e t e n t i o n  - 80. Discharged t o  North P l a t t e  River 1050 ( S t a t e  of  Nebraska 
measurement, 14,077 l b  BOD p e r  day).  Pond a d j a c e n t  r iver .  Probable  seepage. 
L i m e  mud combined w i t h  flume water i n  88 acre pond. 

55O c .  
Other wastes, i n c l u d i n g  s a n i t a r y  sewer, approximately 151 GPD x l C 3  

2 .  
3. Condenser water - 2000 d ischarged  d i r e c t ,  4250 as flume water, a l l  t o  pond. Temperature 

4 .  
5 .  Pulp and pulp  p r e s s  water 100% recyc led .  

i t i e s  $30,000. Annual o p e r a t i n g  c o s t  $3300. Est imated BOD d ischarged  p e r  t on  of b e e t s  4.3 l b s .  
Volume e f f l u e n t  500 g a l .  p e r  t o n  b e e t s  (appears  low).  

t o  pond. 

E. Comments: Ten p e r c e n t  i n c r e a s e d  annual  s l i c e  planned. Cost of p r e s e n t  w s s t e  d i s p o s a l  f a c i l i -  

* 
Does n o t  e q u a l  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process u s e s  of water. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Ovid, Colorado 

A. Beets s l i c e d ,  tons/day:--2617; T o t a l  campaign:--290000; Gross water intake:--11692" (GPD x lC,3) ; 
Source: Wells 100% ( r i v e r  - s tandby) .  

B. Flow s h e e t  type  11. Modif ica t ions :  Raw water t o  flumes, condensers ,  d i f f u s e r  supply ,  l i m e  mud. 
Flume and g e n e r a l  waste screened - no ponds, thence t o  r iver .  No S t e f f e n .  

C.  In-Plant Water Flows (GPD x l Q 3 ) .  

Raw Water Use Water Re-Use  
Barometr ic  D i f f u s e r  L i m e  

Recycle Flumes Condensers Supply S t e f f e n  Mud 
Flumes 4864 
Condensers and CoolinP 5820 0 3900 
D i f f u s e r  Supply 812 360 
L i m e  Mud 58 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  d i scharged  d i r e c t  t o  r iver (no ponds),  10,350, BOD unknown 
2. L i m e  mud t o  pond - 1. Overflow discharged t o  r iver  - 28.  
3 .  
4 .  
5. Pulp and pulp  p r e s s  water 100% r e c y c l e d  t o  d i f f u s e r .  
6. Other wastes - t o  g e n e r a l  waste. 

E.  Comments: N o  i n c r e a s e  i n  s l i c i n g  planned. Flume water r e c i r c u l a t i o n  system w i l l  b e  i n s t a l l e d .  
Cost $250,000. Annual o p e r a t i n g  c o s t  $25,000 es t imated .  Cost of  p r e s e n t  waste f a c i l i t i e s  
$100,000, Annual o p e r a t i n g  c o s t  $3,000. E f f l u e n t  d i scharged  3450 g a l .  per  ton b e e t s  s l i c e d .  
BOD i n  e f f l u e n t  5 l b / t o n  b e e t s  (es t imated) .  

Condenser water - 5820 d ischarged  d i r e c t  t o  r i v e r  @ 45' C.  
S a n i t a r y  sewer t o  c i t y  sewer system. 

* Does n o t  e q u a l  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process uses  of water. 



WATER USE, RE-USE AND DISPOSAL 
The Great Western Sugar Company a t  Goodland, Kansas 

P 
N 
N 

A. Beets s l i c e d ,  tons/day:--2609; T o t a l  campaign:--355800; Gross water intake:--853 (GPD x 103);  
Source: 
Operat ing c o s t s  $600 p e r  y e a r .  

recyc led  o r  excess  t o  anaerobic  pond. No d i s c h a r g e  t o  streams. 

3 w e l l s .  Water t r e a t e d  w i t h  Nalco 918 - 50 lb /day .  Cost of t r e a t i n g  f a c i l i t i e s  $2560. 

B. Flow s h e e t  type  111. Modif ica t ion :  No S t e f f e n .  Discharges from pond, i n c l u d i n g  l i m e  pond, 

C .  In-Plant  Water Flows (GPD x l o 3 )  - 
Raw Water U s e  Water Re-Use 

Barometric D i f f u s e r  L i m e  
Recycled Flumes Condensers Supply S t e f f e n  Mud 

Flumes 0 11 645 
Condensers and Cooling 811 7900 155 267 144 
D i f f u s e r  Supply 0 255 
L i m e  Mud 0 
Miscel laneous 42 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  t o  ponds "A" o r  "B", each 0.6 acres, t o  "C", 1 .0  acre; 

2100 recyc led  from s c r e e n  t o  flumes; 9545 recyc led  from ponds t o  flume; 11 discharged  by 
evapora t ion  and seepage; 144 excess  t o  anaerobic  pond "E", 2.48 acres, no d ischarge  t o  
s t ream. 

2. L i m e  mud a l l  t o  l i m e  pond "E", 12.1 acres. 
No d i s c h a r g e  t o  streams. 

3. Condenser water t o  s p r a y  pond, 0.65 acres, cooled and recyc led ,  from 70' t o  25O C.  
4 .  F l o o r  d r a i n a g e  t o  main sewer t o  ponds, 217 GPD x 103 
5. Gas washer t o  flume ponds - 12. 
6. S a n i t a r y  sewer t o  s t a b i l i z a t i o n  pond, 2.48 acres. 
7. Pulp p r e s s  water 100% recyc led ;  make-up water ( d i f f u s e r )  217 - new water. 

ment. Cost of waste f a c i l i t i e s  $448,000. Annual o p e r a t i n g  c o s t  $21,000. 

Water from l i m e  mud t o  evapora t ion  and seepage. 

- 2430 ppm BOD, 3090 ppm s u g a r  (h igh ) .  

E .  Comments: P l a n t  c a p a c i t y  w i l l  b e  i n c r e a s e d  1000 t o n s  b e e t s  p e r  day. No change i n  waste treat-  



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corpora t ion  a t  Hamilton C i t y ,  C a l i f o r n i a  

A .  Beets s l i c e d ,  tons/day:--1875; T o t a l  campaign:--270000; Ion-Exchange Treatment of 75% of machine 

B.  Flow s h e e t  t y p e  111. Modi f i ca t ions :  Ion-exchange t r ea tmen t  of h igh  green .  Raw water make-up 

C .  

syrup  (High Green); Gross water intake:--4773 (GPD x 103 ); Source: 

t o  d i f f u s e r .  No S t e f f e n .  
In-Plant Water Flows (GPD x lC3). 

Wells. 

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  Ion- 

Recycled Flumes Condensers Supply Mud Exchange 
Flumes 1980 

D i f f u s e r  Supply 138 163 

Ion-Exchange 2068 

Condensers and Coolinp 587 3160 1884 138 0 

L i m e  Mud 75 

D. Waste Treatment 
1. Flumes and g e n e r a l  wastes sc reened ,  t o  one pond, 55 acres, 15 f t .  deep, 20 days r e t e n t i o n .  

No d i scha rge .  
2. L i m e  mud t o  one pond, s i z e  ?. Overflow - 10 - t o  g e n e r a l  pond. 
3.  Condenser water t o  tower c o o l e r  and r ecyc led .  
4 .  
5. 

Pulp and pulp  p r e s s  w a t e r  100% recyc led  t o  d i f f u s e r .  
Ion-Exchange r egene ran t s  i n  p a r t  evaporated f o r  f e r t i l i z e r .  
d i l u t e  wash t o  pond (main). 
t o  l i m e  f lume).  

F i r s t  s t r i p  t o  pulp  d r y e r ,  
(Owing t o  p l a n t  d i f f i c u l t y ,  some waste ( a c i d )  p r e s e n t l y  going 

Some compla in ts  about odor.  
E .  Comments: No e f f l u e n t  d i scharged  t o  streams. Expect t o  i n c r e a s e  annual  s l i c i n g  t o  about 

370,000 t o n s  i n  nex t  few y e a r s .  No change i n  w a s t e  treatment planned. 



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corpora t ion  a t  Santa  Ana, C a l i f o r n i a  

A.  Beets s l i c e d ,  tons/day:--1851; T o t a l  campaign:--405088; Molasses worked, tons/day:--96; 

B.  Flow s h e e t  t ype  111. Modi f i ca t ions :  Raw water t r a n s p o r t  of l i m e  mud. Waste d i s c h a r g e  t o  

C .  In -Plan t  Water Flows (GPO x l o 3 ) .  

T o t a l  campaign:--21126; Gross water intake:--2270 (GPD x l o 3  ); Source: 

Dis t r ic t  S a n i t a r y  P l a n t .  S t e f f e n  waste t o  ponds. 

Wells. 

Raw Water U s e  Water Re-Use  
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes - Y e s  
Condensers and Cooling X X X 
D i f f u s e r  Supply - X 
L i m e  Mud X 
S t e f f e n  D i l u t i o n  X 

D .  Waste Treatment  
1. Flumes and g e n e r a l  waste sc reened ,  t o  t h r e e  ponds,  seven  days r e t e n t i o n ,  t o  Orange County 

2 .  L i m e  mud t o  ponds ( two),  over f low t o  g e n e r a l  ponds.  
3. Condenser water t o  tower c o o l e r ,  r e c y c l e d  ( i n  p a r t ) ,  cooled  t o  32’ C .  
4 .  S t e f f e n  waste t o  ponds (no t  evapora t ed ) .  
5 .  Other wastes t o  sewer, t o  ponds.  
6 .  S a n i t a r y  sewer t o  s a n i t a r y  d i s t r i c t  p l a n t .  
7 .  Pu lp  p r e s s  water 100% r e c y c l e d  t o  d i f f u s e r .  

S a n i t a t i o n  D i s t r i c t ,  two m i l l i o n  g a l l o n s  p e r  day. 

E. Comments: E f f l u e n t  d i scha rged  t o  streams - z e r o  p e r  ton  of b e e t s ;  BOD ze ro .  A l l  p l a n t  e f f -  
l u e n t  is  sc reened ,  passed  through a f l o c c u l a t o r ,  a c l a r i f i e r ,  cooled by a e r a t i o n ,  d i scha rged  
t o  d i s t r i c t  s a n i t a t i o n  d i s t r i c t  - 2 m i l l i o n  g a l l o n s  p e r  day. 



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corporation a t  Worland, Wyoming 

A .  Beets s l i c e d ,  tons/day:--1600; T o t a l  campaign:--214667; Molasses worked, tons/day:--76; 
T o t a l  campaign:--10177; Gross water intake:--7500 (GPD x 103 ) ; Source: Bighorn River .  

B.  Flow s h e e t  type  11. Modi f i ca t ions :  Pulp d r i e r  w i t h  100% r e c y c l e  of pu lp  p r e s s  water. S t e f f e n  
waste t o  l i m e  pond. Condenser water only t o  r i v e r .  All o t h e r  wastes ponded. No d i scha rge .  
Ponds dry  i n  intercampaign. 

C.  In-Plant Water Flows (GPD x 103). 

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

S t e f f e n  Mud Recycled Flumes Condensers Supply 
Flumes 4000 

D i f f u s e r  Supply 500 250 
L ime  Mud 100 
S t e f f e n  D i l u t i o n  100 
Miscellaneous 800 

Condensers and Cooling 2000 0 0 0 0 0 

D. Waste Treatment 
1. Flume and g e n e r a l  wastes screened ,  t o  ponds, 5 ,  average  180. Re ten t ion  160 days .  U l t i m -  

2 .  L i m e  mud t o  ponds - 6 u n i t s ,  no d i s c a r d .  
3 .  Condensed waters d ischarged  d i r e c t  t o  Bighorn River .  
4 .  S t e f f e n  waste t o  l i m e  ponds. No d i scha rge .  
5 .  Pulp and pulp  p r e s s  water r ecyc led .  

a t e l y  d r i e s  up. No d i scha rge  t o  r i v e r .  

E.  Comments: I n c r e a s e  of 20% i n  s l i c i n g  a n t i c i p a t e d .  E f f l u e n t  d i scha rged  p e r  t on  b e e t s  - 0 .  



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corpora t ion  a t  Sidney, Montana 

A .  Beets s l i c e d ,  tons/day:--2500; T o t a l  campaign:--400000; Gross water intake:--6867 (GPD 

B. Flow s h e e t  t ype  11. Modi f i ca t ions :  No S t e f f e n .  Overflow from l i m e  pond t o  g e n e r a l  (flume 

C.  In -Plan t  Water Flows (GPD x lo3) .  

x l o 3  ); Source: 

wa te r )  ponds, thence  t o  stream. 

Yellowstone River v i a  d i t c h  t o  pond t o  f a c t o r y .  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 
Condensers and Cooling 6867 6627 2 40 0 
D i f f u s e r  Supply 0 480 
L i m e  Mud 0 

D .  Waste Treatment 
1. Flumes and g e n e r a l  wastes sc reened ,  d i scha rged  t o  two ponds, 8 .3  acres, 7 f t .  deep. Reten- 

2 .  L i m e  mud t o  ponds (one i n  u s e ) ,  712,000 cu. f t .  Overflow - 95 GPD x lC3 t o  g e n e r a l  ponds. 
3 .  No condenser water - discharged  d i r e c t .  
4 .  Other wastes: f l o o r  d ra inage  - 10, c o n t a i n i n g  8,000 l b s  "sugar" pe r  day; gas washer water - 

8; and chemical washes t o  lagoons.  S a n i t a r y  sewer - 4.5  - t o  Sidney s a n i t a t i o n  system. 
5 .  Pulp p r e s s  water 100% recyc led .  

u l t i m a t e l y  be inc reased  1700 t o n s  per  day. Waste t r ea tmen t  w i l l  a l s o  i n c l u d e  more complete 
re-use of waste water i n  c losed  system. E f f l u e n t  d i scharged  t o  stream: 
BOD - 7 . 8  l b s / t o n .  

t i o n  1 .5  days .  Discharged via  c a n a l  t o  r i v e r  - 6627 GPD x 103 , 18,300 l b s  BOD/day. 

E .  Comments: Cost of p r e s e n t  waste f a c i l i t i e s  $67,000. Annual c o s t  $3,500. Beet s l i c i n g  w i l l  

2758 g a l / t o n  b e e t s ;  



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corpora t ion  a t  Tor r ing ton ,  Wyoming 

A. Beets s l i c e d ,  tons/day:--3034; T o t a l  campai n:--330180; Molasses worked, tons/day:--139; T o t a l  
campaign:--15121; Gross water intake:--7630 
w e l l s .  Pre-treatment w i t h  Nalco b a l l s .  Cost $3700 pe r  yea r .  

f i l t r a t e  20% evapora ted ,  remainder t o  l i m e  pond. 
Pulp water t o  s e p a r a t e  lagpon, t h e n  t o  r i v e r .  
In-Plant Water Flows (GPD x l o 3 ) .  

B (GPD x lo3  ' ; Source: North P l a t t e  River ,  some 

B. Flow s h e e t  t ype  I. Modif ica t ions :  L i m e  mud t o  l i m e  pond, l i t t l e  overflow t o  r i v e r .  S t e f f e n  
Waste i s  screened  b e f o r e  d i scha rge  t o  r i v e r .  

C.  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

S t e f f e n  Mud Recycled Flumes Condensers Supply 
Flumes 2290 - 
Condensers and Coolinp 3816 - 2930 887 0 
D i f f u s e r  Supply - 
L i m e  Mud 190 - 
S t e f f e n  D i l u t i o n  19 

D. Waste Treatment 
1. Flume and g e n e r a l  waste screened  (40 mesh), t hen  t o  North P l a t t e  River.  No r e c y c l e  of flume 

2.  L i m e  mud t o  t h r e e  ponds, 12 acres, no overflow, loss  by seepage and evapora t ion .  
3 .  
4 .  S t e f f e n  waste t o  l i m e  ponds, 80%, evapora t ion ,  20%. 
5. Condenser water - 1527 d ischarged  d i r e c t  @ 41' C. 
6 .  Other waste: f l o o r  d r a i n s  - 200, 15,000 l b  BOD p e r  day; gas  washer - 300; chemical washes 
i n c l u d i n g  pans and evapora t ion  - 16,700 l b  BOD pe r  day. 
7 .  S a n i t a r y  sewer t o  s e p t i c  tank .  E f f l u e n t  t o  l i m e  ponds. 

E .  Comments: E f f l u e n t  (1483 g a l l o n s )  d i scharged  per  t on  b e e t s .  BOD i n  e f f l u e n t  4-10 lb per  ton  
b e e t s .  

water. 

Pulp s i l o  d ra inage  (no d r y e r )  t o  lagoon, 50 a c r e s ,  1365 GPD x 103. 

A l l  t o  main sewer and r i v e r .  

* Does n o t  equa l  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process uses  of water. 



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corporat ion a t  Hardin,  Montana 

A. Beets s l i c e d ,  tons/day:--1700; T o t a l  campaign:--275000; Gross water intake:--4000 (GPD x 1C3) ; 
Source: Bighorn River,  s e t t l e d  b r i e f l y ,  only.  Cost $20,000 f o r  r e s e r v o i r  and pumps, $10,000'  
annual ly  f o r  maintenance. 

B. Flow s h e e t  t y p e  111. Modif ica t ions :  No S t e f f e n .  
C .  In-Plant  Water Flows (GPD. x l o3 ) .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 0-25% 
Condensers and Cooling 4000 1000 3500 2 20 100 
D i f f u s e r  Supply  0 300 
L i m e  Mud 0 

D .  Waste Treatment 
1. Flumes and g e n e r a l  waste screened ,  a l l  t o  f o u r  ponds, depth  7 f t . ,  2 days r e t e n t i o n .  

2 .  L i m e  mud t o  one pond, 6 acres. No overflow. Ponds empty a f t e r  campaign by seepage and 

3 .  Condenser water t o  s p r a y  pond - 1000. None d ischarged  t o  stream d i r e c t .  
4 .  Other wastes: f l o o r  and miscel laneous dra inage  - 300 - t o  g e n e r a l  ponds, c o n t a i n i n g  800- 

1000 l b  s u g a r  p e r  day; g a s  washer (raw water - 150) t o  ponds; chemical wastes ( l i t t l e )  t o  
ponds. L i t t l e  BOD. 

Discharged - 3000 - t o  r iver ,  c o n t a i n i n g  45,000 l b  BOD per  day. 

evapora t ion .  

5 .  S a n i t a r y  sewage t o  l i m e  ponds. 
6 .  Pulp and pulp  p r e s s  water 100% r e c y c l e d .  
Comments: 
f o r  flume water and r e c i r c u l a t e  back t o  flumes. Cost of waste f a c i l i t i e s  ( p r e s e n t )  $10,000. 
Annual c o s t ,  i n c l u d i n g  removing mud from lagoons,  $5,000. E f f l u e n t  discharged p e r  ton b e e t s  
s l i c e d  - 1800 g a l ;  26 l b  BOD per  t o n  b e e t s .  

E. Plan  t o  i n c r e a s e  s l i c i n g  t o  3000 t o n s  p e r  day. W i l l  c o n s t r u c t  more s e t t l i n g  lagoons 

Proposed changes w i l l  reduce BOD t o  3 l b / t o n  beets. 



WATER USE, RE-USE AND DISP0SP.L 
Holly Sugar Corporat ion a t  Delta, Colorado 

P 
N 
W 

A. Beets s l i c e d ,  tons/day:--1500; T o t a l  campaign:--215000: Molasses worked, tons/day:--50; T o t a l  
campaign: --boo(); Gross water i n t a k e  : --6OOO" (GPD X I O 3  
C i t y  water, some. 

water t o  d i f f u s e r .  
In-Plant  Water Flows (GPD x l G 3 >  

; Source: Gunnison River, p r i n c i p a l l y .  

B. Flow s h e e t  t y p e  111. Modif ica t ions :  Condenser waters to flumes. No flume r e c y c l e .  Raw ' 

C .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 
Condensers and Cooling 3000 0 3000 1 
D i f f u s e r  Supply 360 360 
L i m e  Mud 1 
S t e f f e n  D i l u t i o n  120 

D. Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  d i scharged  t o  two ponds, 7 acres, 4 f t .  deep. 
2.  L i m e  mud t o  ponds (one) - overf low t o  stream. 
3. Condenser w a t e r  d i scharged  d i r e c t .  
4 .  S t e f f e n  waste evaporated.  
5. Other wastes: f l o o r  d r a i n s  - 10,000 ga l /day  t o  ponds. Chemical wastes t o  ponds. S a n i t a r y  

sewage t o  c i t y  p l a n t .  
6. Pulp and pulp p r e s s  water r e c y c l e d .  

b e  i n s t a l l e d .  Cost of  system $63,000. Annual o p e r a t i n g  c o s t  $13,000. 

"Does n o t  equal  t a b u l a t e d  r a w  water u s e  due t o  o t h e r  non-process uses  of water. 

E.  Comments: S l i c i n g  w i l l  b e  i n c r e a s e d  400 ton lday .  F l o c c u l a t o r ,  c l a r i f i e r  and new lagoon w i l l  



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corporat ion a t  Tracy, C a l i f o r n i a  

A.  Beets s l i c e d ,  tons/day:--2600; T o t a l  annually:--600000; Molasses worked, tons/day:--123; 
T o t a l  annually:--27919; Gross water i n t a k e :  (GPD x 103 ) From c a n a l  - 2500 ( c ) ,  From w e l l s  - 
1000 (w). 

B. Flow s h e e t  t ype  111. Modif ica t ions :  Raw water make-up f o r  d i f f u s e r .  Raw water t o  flumes wi th  

C.  
no r e c i r c u l a t i o n .  Raw water t o  l i m e  mud. 
In-Plant  Water Flows (GPD x l Q 3 ) .  

Raw Water Use Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes ( c )  2500 
Condensers and Coolinp X 5500 some 
D i f f u s e r  Supply (w) 250 450 

S t e f f e n  D i l u t i o n  (w) 600 

D. Waste Treatment 
1. Flumes and gene ra l  wastes no t  sc reened  - 2750 t o  s i x  ponds, 30 acres, 4 f t .  deep. (Actua- 

l l y  used 4 pas ses  only  - s h o r t  r e t e n t i o n  t ime) .  
ppm BOD). 

Discharged t o  "old1' r i v e r  (0.0 ppm DO, 450 

2 .  L i m e  mud t o  pond, about  2 a c r e s .  Overflow - 150 - t o  gene ra l  ponds. 
3 .  Condenser water cooled i n  tower,  r ecyc led  i n  p a r t .  
4 .  S t e f f e n  waste evaporated n e a r l y  100%. 
5. Other wastes: gas washer (from coo l ing  tower) t o  f lumes,  200. S a n i t a r y  sewer t o  s e p t i c  

tank.  A l l  o t h e r  t o  gene ra l  waste. 
6. Pulp water 90% recyc led  t o  d i f f u s e r ,  10% t o  gene ra l  waste. 

GPM flume water and new 10-mesh v i b r a t i n g  screen- -a l l  i n  nex t  yea r  o r  two. 
charged t o  stream: 1260 g a l / t o n  b e e t s .  BOD i n  e f f l u e n t  t o  stream: 4-5 l b / t o n  b e e t s .  

E .  Comments: S l i c i n g  w i l l  b e  inc reased  t o  4000 tons/day;  90 f t .  diam. c l a r i f i e r  t o  handle  7400 
E f f l u e n t  now d i s -  



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corporat ion a t  Brawley (Car l ton ) ,  C a l i f o r n i a  

A .  

B. Flow s h e e t  type  111. Modif ica t ions :  No r e t u r n  of  pulp water t o  d i f f u s e r .  No S t e f f e n .  
C .  

Beets s l i c e d ,  tons/day:--6500; T o t a l  campaign:--650000; Gross water intake:--3900 (GPD x lo3)  ; 
Source: A l l  American Canal (Colorado R i v e r ) .  

In-Plant  Water Flows (GPD x l o 3 > .  

Raw Water Use Water R e - U s e  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 9700 
Condensers and Cooling 2800 5250 400 590 250 
Di f fuse r  Supply 860 
L i m e  Mud 2 40 

D.  Waste Treatment 
1. Flumes and gene ra l  waste screened ,  t o  f o u r  ponds, 1040 acres, 4 .5  f t .  deep, 7 5  days r e t en -  

t i o n .  Discharge (2220) t o  d r a i n  cana l ,  t o  Alamo River ,  t o  Sa l ton  Sea. Carries 3520 l b s  
BOD p e r  day t o  stream. 

pond overflow - 4000 lbs /day .  

sewer. Gas washer 1800 (raw wa te r )  d i scharged  t o  flume ponds. 

Pulp and pulp p r e s s  water t o  main sewer, t o  gene ra l  ponds. 
Note: Flume w a t e r ,  a f t e r  s c reen ing ,  s e n t  t o  mechanical c l a r i f i e r ,  then  t o  ponds. 
E .  Comments: 

2 .  L i m e  mud t o  s i x  ponds, 16 acres. Overflow t o  gene ra l  pond ( s e e  1 above).  BOD i n  l i m e  

3 .  Condenser water t o  spray  tower,  (5250) cooled,  r ecyc led ,  64' C .  Other wastes t o  main 

4 .  San i t a ry  sewer t o  s e p t i c  tank.  E f f l u e n t  t o  gene ra l  pond. 
5. 

Planned soon t o  r e c y c l e  water from s e t t l i n g  pond t o  b e e t  washer and flumes. Cost 
of p r e s e n t  w a s t e  t rea tment  f a c i l i t i e s  $250,000. 
d i scharged  t o  stream - 373 g a l / t o n  b e e t s ;  BOD 0.6 l b s / t o n  b e e t s ,  ( t h e i r  e s t i m a t e s ) .  Low 
f i g u r e s  due t o  l a r g e  pond and long  r e t e n t i o n  a t  h igh ,  average  temperature--80-90° F. 

Operat ing c o s t s  $1,000 pe r  yea r .  E f f l u e n t  



WATER USE, RE-USE AND DISPOSAL 
Holly Sugar Corpora t ion  a t  Hereford,  Texas 

Beets s l i c e d ,  tons/day:--6493; T o t a l  campaign:--899000; Gross water intake:--1400 
Source: Wells, some r a w  water t r g a t e d  - ion-exchange and s o f t e n e r .  

s p a r i n g  u s e  of raw water?  No S t e f f e n .  
In-Plant Water Flows (GPD x l o3 ) .  

* A. 

B. Flow s h e e t  t ype  111. Modi f i ca t ions :  Raw water (some) t o  condensers and t o  d i f f u s e r .  Note 

C. 

(GPD x 103) ; 

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 8600 
Condensers and Cooling some 8600 1740 120 0 
D i f f u s e r  Supply 100% 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste sc reened ,  t o  11 ponds, dep th  8 f t .  Days r e t e n t i o n ,  t o t a l .  No 

d i scha rge .  C l a r i f i e r  - 100 f t .  diam. t o  s e p a r a t e  sand and d i r t .  Rubber l i m e  pumps. They 
have 11 in t e rconnec ted  ponds - t o t a l  area about 160 a c r e s ,  b u t  use  on ly  3 ponds. 

2. L i m e  mud t o  l i m e  pond ( l i m e  pond and s ludge  pond) about 17  acres. No d i scha rge .  
3 .  Condenser water r ecyc led  through tower c o o l e r .  No d i scha rge .  
4 .  
5. 

6. Pulp and pulp press water 100% recyc led  t o  d i f f u s e r .  

d i scharged  p e r  t on  b e e t s  s l i c e d  - 0. BOD d ischarged  pe r  t o n  b e e t s  - 0. No estimate g iven  as 
t o  c o s t  of waste treatment (au thor :  $1 m i l l i o n ,  p l u s ) .  

S a n i t a r y  sewer t o  s e p t i c  tank .  
Recycled p o r t i o n  of flume water screened  and mud s e p a r a t e d  by mechanical c l a r i f i e r  (see 
D.1.). 

E. Comments: Holding ponds n o t  c leaned  ( y e t )  - 100,000 cu. yds .  i n  s ludge  ponds. E f f l u e n t  

*Make up f o r  l o s s e s  t o  mud, evapora t ion  and seepage. 



WATER USE, RE-USE AND DISPOSAL 
Maine Sugar I n d u s t r i e s ,  Inc.  a t  Easton, Maine 

P 
Lh) 
w 

A. Beets s l i c e d ,  tons/day:--4000; T o t a l  campaign:-- ca  350000; Gross r a w  water intake:--2000 

B. Flows s h e e t  t ype  11. 
C .  

(GPD x 1 0 3 ) .  

In-Plan t  Water Flows (GPD x l o 3 ) .  

Raw Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 500 Y e s  
Condensers and Cooling 1200 Y e s  150 
D i f f u s e r  Supply 300 Y e s  
L i m e  Mud 0 

D .  Waste Treatment (No r e p o r t  submi t ted .  Meager in fo rma t ion  by te lephone)  
1. Flume and g e n e r a l  waste sc reened ,  t o  ponds, o r i g i n a l l y  two, now f i v e ;  r ecyc led  t o  flumes. 

2. Condenser water t o  s p r a y  pond and r ecyc led .  Some used t o  thaw f rozen  b e e t  c a r s ,  thence  t o  

3. D i f f u s e r  supply :  Pulp p r e s s  water r ecyc led ,  make-up wi th  r a w  water. 
4. L i m e  mud: Cake from drum f i l t e r s  puddled w i t h  l i t t l e  water, pumped (blown) t o  mud pond - 
5. F loo r  d ra inage  (hose-down) t o  waste system. S a n i t a r y  sewage t o  s e p t i c  t ank ,  

e s t ima ted  a t  $5 m i l l i o n  p l u s .  This  i n c l u d e s  ponds, covered water s t o r a g e ,  dump t r u c k s ,  c r anes  
(clam), p i p i n g ,  pumps, e t c .  L i t t l e  odor problem, some a t  primary mud pond. S p e c i a l  problems: 
rocks  t o  b e  s e p a r a t e d  and hauled  away; f r e e z i n g  c o n d i t i o n s .  
t o  s e p a r a t e  waste d i s p o s a l  from b e e t  hand l ing  and water supply  systems. 
(waste d i s p o s a l )  about $100,000 annua l ly  ( t h e i r  e s t i m a t e ) .  This  p l a n t  p rocesses  r a w s  from o f f -  
s h o r e ,  Also handles  p o t a t o e s ,  hence more involved  than  t h e  u s u a l  beet-house. An unusual f ea -  
t u r e :  c h l o r i n a t i o n  of s m a l l  e f f l u e n t  flow. 

Have a u x i l i a r y  mud pond. E l a b o r a t e  system. Flume t o  c l a r i f i e r ,  e t c .  

flumes . 

no overflow. 

E .  Comments: Apparently l i t t l e  e f f l u e n t  o r  BOD t o  streams. Cost of waste t r ea tmen t  p l a n t  

An i n t e g r a t e d  system - d i f f i c u l t  
Cost of o p e r a t i o n  



WATER USE, RE-USE AND DISPOSAL 
Michigan Sugar Company a t  Caro, Michigan 

A. 

B. Flow s h e e t  t ype  11. Modif ica t ions :  Raw water t o  flumes and d i f f u s e r  t o g e t h e r  w i th  r e c y c l e .  

C .  In-Plant  Water Flows (GPD x 10 ). 

Beets s l i c e d ,  tons/day:--1835; To ta l  campaign:--280000; Gross water intake:--4450 (GPD x 103) ; 
Source: Cass River. 

Also r a w  water t o  l i m e  mud. No S t e f f e n .  
3 

Water Re-Use Raw Water Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 1700 4300 
Condensers and Cooling 2400 0 0 250 
D i f f u s e r  Supply 250 250 
L i m e  Mud 100 

D.  Waste Treatment 
1. Flume and gene ra l  waste sc reened ,  t o  s e t t l i n g  pond (smal l )  t h e n  t o  s t o r a g e  pond, 50 a c r e s ,  

6 f t .  deep, Reten t ion  - d u r a t i o n  of campaign. Cont ro l led  o u t l e t  t o  Cass River;  76 l b s  
BOD/cu. f t . / s e c  f low of r iver ( s t a t e  r u l e s ) .  When r i v e r  is  low none i s  d ischarged .  L i m e  
added t o  d i scha rge  from screen t o  hold pH a t  1 2 .  Stops odors .  

Condenser water - 2150 d ischarged  d i r e c t  @ 45' C .  

f lumes. Chemical washes t o  main sewer. 

2 .  L i m e  mud ponded i n  two ponds, 8 acres t o t a l .  No d ischarge .  
3 .  
4 .  Floor  d r a i n s  - 20 - t o  main sewer ( t o  gene ra l  ponds) ,  1500 l b s  BOD pe r  day. Gas washer t o  

5. S a n i t a r y  sewer t o  c i t y  sewage system. 
6 .  Pulp and pulp p r e s s  water recyc led .  (BMA tower d i f f u s e r )  

E f f l u e n t  pe r  ton  b e e t s  s l i c e d  2300 g a l . ;  BOD - 4 lbs per  ton .  Note: S tored  wastes can b e  
r e l e a s e d  du r ing  s p r i n g  f loods  a t  a ra te  no t  exceeding 1% of r i v e r  flow. 

(Temperature stream 9' C.) 

E.  Comments: A n t i c i p a t e  20% i n c r e a s e  i n  annual  slice. P o l l u t i o n  problem w i l l  i n c r e a s e  by 10%. 



WATER USE, RE-USE AND DISPOSAL 
Michigan Sugar Company a t  Croswell ,  Michigan 

A .  Beets s l i c e d ,  tons/day:--1275; T o t a l  campaign:--208000; Gross water intake:--3250 (GPD x lo3) ;  
Source: Black River .  Nalco /I918 added t o  water a t  f a c t o r y .  Cost about  $2000 p e r  y e a r .  

B. Flow sheet type  11. Modif ica t ions :  No S t e f f e n .  Raw water t o  s p r a y s  (f lumes)  and l i m e  mud. 
C .  In -Plan t  Water Flows (GPD x l o 3 ) .  

Raw Water Use Water Re-Use 
i- ’ 

Barometric D i f f u s e r  L i m e  
Recycled Flumes Condensers Supply S t e f f e n  Mud 

Flumes 75  2800 
Condensers and Coolinp 3000 350 175 
Di f fuse r  Supply 0 200 
L ime  Mud 150 
Miscel laneous 25 

D .  Waste Treatment 
1. Flume and gene ra l  waete screened ,  t o  ho ld ing  ponds - (1) g r i t  c o l l e c t o r ;  mud t o  mud pond, 

3 a c r e s ,  Overflow t o  pond No. 2 ,  8 acres. Turbid overf low 0 .8  m i l e  t o  f i v e  ponds, 2 5  acres, 
t o  ano the r  pond nea r  r iver ,  thence  t o  Black River .  Con t ro l l ed  f low,  i .e . ,  5 l b s  BOD/CU. f t .  
p e r  second f low up r i v e r .  
Lime mud t o  ponds ( 2 ) ;  overf low - 150 t o  gene ra l  pond, con ta in ing  1500 l b s  BOD/day. 
Condenser water d ischarged  d i r e c t  - 1700+ (GPD x lo3) .  
Other wastes: 
Also s a n i t a r y  sewer, 10 GPD x l o 3  

Black River  empties  i n t o  S t .  Claire River. 
2 .  
3 .  
4 .  

5. Pulp p r e s s  water recyc led  100%. 

Temperature 40” C. 
35-40 GPD x 103  con ta in ing  1000 l b s  BOD p e r  day d ischarged  t o  g e n e r a l  ponds, 

con ta in ing  50 l b s  BOD/day t o  gene ra l  ponds. 

E. Comments: 2500 g a l  e f f l u e n t  d i scharged  pe r  t o n  b e e t s ;  4 l b s  BOD pe r  t o n  b e e t s .  



WATER USE, RE-USE AND DISPOSAL 
Michigan Sugar Company a t  Sebewaing, Michigan 

A .  Beets s l i c e d ,  tons/day:--1900; T o t a l  campaign:--about 300000; Gross water intake:--ca 4000 

B. Flow s h e e t  type  11. Modi f i ca t ions :  Some r a w  water t o  flumes, d i f f u s e r  and l i m e  mud. 
C.  In -Plan t  Water Flows (GPD x lo3) .  

(GPD x lo3 ) .  

Water Re-Use Raw Water Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 1200 4000 
Condensers and Cooling 2450 
D i f f u s e r  Supply 250 100% 
L i m e  Mud 100 

Note: Ques t ionnai re  n o t  r e tu rned .  Above d a t a  rough estimate from in fo rma t ion  on v i s i t .  

D.  Waste Treatment 
1. Flumes and gene ra l  waste sc reened ,  t o  c l a r i f i e r ,  p a r t  r ecyc led  t o  flumes. Mud t o  mud pond. 

Overflow t o  r e c y c l e .  L i m e  added b e f o r e  d i scha rge  t o  ponds (odor c o n t r o l ) .  pH 8.5. S ix  
ponds: #1-5.5 acres, #2-11.7 acres, #3-33 a c r e s ,  K4-17.5 a c r e s ,  85-8.5 a c r e s ,  #6-12.5 acres. 
Flow from ill t o  #6 t o  d i t c h  and t h e  bay. 
t o  d i t c h .  Flow t o  bay c o n t r o l l e d  c a r e f u l l y .  Must b e  no f i s h  k i l l .  When ice  forms, f low 
t o  bay is stopped. 

2 .  L i m e  mud t o  l i m e  ponds: 81-33 acres o r  #2-5.9 a c r e s .  Overflow ( supe rna tan t )  t o  s e t t l i n g  
pond f3-33 a c r e s .  

3. Pulp press water 100% recyc led .  

Flow from #2-#3,#5,#6 may b e  d i v e r t e d  i n d i v i d u a l l y  

E .  Comment: While t h e r e  is no BOD s t anda rd ,  de t e rmina t ions  are  made r e g u l a r l y .  Some odor problem, 



WATER USE, RE-USE AND DISPOSAL 
Michigan Sugar Company a t  C a r r o l l t o n  (Saginaw), Michigan 

A. 

B.  Flow s h e e t  t y p e  11. Modif ica t ions :  Raw water t o  flume, d i f f u s e r  supply  and l i m e  mud. Conden- 

C .  

Beets s l i c e d ,  tons/day:--1814; T o t a l  campaign:--293000; Gross water intake:--4600 (GPD x lo3) .  
Source: 

ser water (86%) d ischarged  d i r e c t .  No S t e f f e n .  
In-Plant  Water Flows (GPD x lo3) .  

Saginaw River. Water t r e a t e d  w i t h  Nalco 8918 a t  c o l d  water t ank .  Cost $1650 p e r  y e a r .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 1650 3860 
Condensers and Cooling 2600 - 250 100 
D i f f u s e r  Supply 2 50 125 

D. Waste Treatment 
1. Flumes and g e n e r a l  waste screened ,  t o  f o u r  ponds, 20 acres, 3-8 f t .  deep. Reten t ion  2 t o  

2 .  L i m e  mud t o  one pond, 17 acres. t o  g e n e r a l  ponds c o n t a i n i n g  

3 .  BOD i n  condenser 

4. Other wastes: F l o o r  d r a i n a g e  - 20 GPD x 103 c o n t a i n i n  1000 BOD p e r  day t o  main sewer 

5. S a n i t a r y  sewer t o  c i t y  sewer system. 
6. Pulp and pulp p r e s s  water 100% recyc led .  

l a t i o n  of flume water. Also a e r a t o r s  f o r  ho ld ing  ponds. Note: Cost of c l e a n i n g  mud and l i m e  
ponds p e r  y e a r  $20,000. L i m e  added t o  flume pond t o  c o n t r o l  odor.  E f f l u e n t  d i scharged  1800 
g a l l o n s  p e r  t o n  b e e t s ;  3.5 l b s  BOD/ton b e e t s .  
made. 

100 days.  

2000 l b s  BOD/day. 
Condenser water - 2250 GPD x 103 
water 60 ppm. 

(genera l  ponds); gas  washer water t o  r i v e r  (50 GPD x Id ); chemical washes t o  ponds. 

Discharged t o  river 1000 GPD x 103, c o n t a i n i n g  6000 BOD/day. 
Overflow - 100 GPD x I d ,  

d ischarged  d i r e c t  t o  r iver  @ 45' C .  

E.  Comments: 30% i n c r e a s e  i n  annual  s l i c e  expected.  W i l l  p rovide ,  i n  f u t u r e ,  complete r e c i r c u -  

W i l l  b e  reduced 50% when planned changes are 



WATER USE, RE-USE AND DISPOSAL 
Monitor Sugar Company a t  Bay C i ty ,  Michigan 

A .  Beets s l i c e d ,  tons/day:--3500; T o t a l  campaign:--400-500000; Gross water intake:--8200 (GPD 

B. Flow s h e e t  type  11. Modi f i ca t ions :  Raw water t o  flumes. No S t e f f e n .  Excess condenser water 

C .  In-Plant Water Flows (GPD x lo3 ) .  

x l o 3  j ;  Source: Saginaw River. 

d i scharged  d i r e c t .  

R a w  Water Use Water Re-Use  
Barometric D i f f u s e r  L i m e  

S t e f f e n  Mud Recycled Flumes Condensers Supply 

Condensers and Cooling 5000 0 80 0 1000 
D i f f u s e r  Supply 0 800 

Misce l laneous  200 

D.  Waste Treatment 
1. Flumes and g e n e r a l  wastes screened  ( e x c e l l e n t ) ,  t o  ho ld ing  f a c i l i t i e s :  1 a e r a t e d  lagoon 

4.5 acres, 1 s e t t l i n g  - 1 acre, 12 f t .  deep. Discharged t o  r i v e r  - 4000; BOD i n  waste 
5-10,000 l b s  p e r  day. 

2 .  L i m e  mud t o  f o u r  ponds, t o t a l  area 15 a c r e s .  No over f low,  
3 .  Condenser water, remainder d ischarged  d i r e c t  t o  river. 
4. Pulp and pulp  p r e s s  water 100% recyc led .  
5. 

E. Comments: Aera t ion  pond equipped wi th  f o u r  60 HP f l o a t i n g  a e r a t o r s .  Nominal c a p a c i t y  480 
l b s  02 per  hour.  
35 ppm. This  requirement i s  be ing  m e t .  E f f l u e n t  p e r  t on  b e e t s  1140 g a l ;  BOD (maximum) 
1 l b / t o n .  

Other wastes: To main sewer and g e n e r a l  ponds excep t  a c i d  washes which go t o  l i m e  pond. 

S t a t e  l i m i t a t i o n  on d i scha rge  t o  stream - 3550 l b  BOD/day; s e t t l e a b l e  s o l i d s  
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WATER USE, RE-USE AND DISPOSAL 
Northern Ohio Sugar Company (GWS Co.) a t  Fremont, Ohio 

A. Beets s l i c e d ,  tons/day:--1980; T o t a l  campaign:--320000; Gross water intake:--8650 from r i v e r  

B.  Flow s h e e t  t ype  11. Modi f i ca t ions :  No S t e f f e n .  Ponds emptied when r i v e r  i s  h igh .  Condenser 

C .  

(GPD x 1031. 

water t o  sp ray  pond b e f o r e  d i s c h a r g e  t o  r i v e r .  
In-Plant Water Flows (GPD x l o3> .  

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 7000 
Condensers and Cooling 8600 150 
D i f f u s e r  Supply 50 130 
L i m e  Mud - 
D. Waste Treatment 

1. Flumes and gene ra l  wastes sc reened ;  t o  f i v e  s e t t l i n g  channels ,  one ho ld ing  pond, 2 acres. 
Re ten t ion  t i m e  12 hour s ,  r ecyc led  100%. Pond emptied i n  s p r i n g  when river (Sandusky) i s  
h igh  a t  about 700 pe r  day. BOD i n  t h i s  water i n  s p r i n g  7600 lb /day .  

2 .  L i m e  mud d ischarged  t o  one pond, 3 a c r e s .  Overflow (smal l )  t o  g e n e r a l  ponds. 
3. Condenser water t o  sp ray  pond f o r  coo l ing  and d i scha rge ,  8400 t o  river. Note: P rev ious ly ,  

4 .  Other wastes: f l o o r  d ra inage  50; gas washer water 90; chemical washes a l l  t o  flume water 

5 .  S a n i t a r y  sewer t o  c i t y  sewage p l a n t .  
6 .  Pulp and pu lp  p r e s s  w a t e r  100% recyc led  t o  d i f f u s e r .  

planned inc lude :  d i scha rge  from ponds t o  c i t y  sewage system. Also r e c y c l e  condenser water 
a f t e r  coo l ing .  
$35,000. Volume e f f l u e n t  t o  stream 4200 g a l l t o n  b e e t s ;  2.5 l b  BOD/ton b e e t s .  Note: F ive  tons 
C a O  pe r  day added t o  flume water system t o  c o n t r o l  odor. 
cu. yd. 

h igh  tempera ture  a t  d i s c h a r g e  caused f i s h  k i l l .  

ponds. 

E .  Comments: Annual s l i c e  w i l l  b e  inc reased  about 100,000 t o n s .  Changes i n  waste t r ea tmen t  

Cost of p r e s e n t  w a s t e  t r ea tmen t  f a c i l i t i e s  $450,000. Annual o p e r a t i n g  c o s t s  

Cost of c l e a n i n g  channels  $0.50 p e r  



WATER USE, RE-USE AND DISPOSAL 
Northern Ohio Sugar Company (GWS Co. ) a t  F indlay ,  Ohio 

A.  

B. Flow s h e e t  t ype  I V .  Mod i f i ca t ions :  None, completely c losed  system. Ponds u l t i m a t e l y  emptied 

C .  

Beets s l i c e d ,  tons/day:--1500; T o t a l  campaign:--245000; Gross water i n t a k e :  --570 (GPD x l o 3 )  ; 
Source: 4 w e l l s ,  b u t  u se  only  2 .  

i n t o  C i t y  Sewage P l a n t .  
In-Plant Water Flows (GP.D x l o 3 >  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 6000 
Condensers and Cooling 520 6800 6620 6800 30 

250 D i f f u s e r  Supply 50 - 

D .  Waste Treatment 
1. Flume and g e n e r a l  waste sc reened ,  t o  t h r e e  ponds, 5 a c r e s ,  4-6 f t .  deep. Re ten t ion  1.5 

days.  Recycled t o  flumes. Ponds d ischarped  t o  c i t y  sewage p l a n t  i n  s p r i n g  - a f t e r  BOD 
has  been reduced - n a t u r a l l y ,  60 GPD x l o 3  
average  10,000 lb /day .  

excess  t o  c i t y  sewage. BOD t o  c i t y  sewer, 

2. L i m e  mud t o  l i m e  pond, 2 acres. Overflow 30 t o  g e n e r a l  ponds. 
3. Condenser water t o  sp ray  pond, cooled ,  r e t u r n e d  t o  co ld  water tank .  
4. Other wastes: f l o o r  d ra inage  50; gas washer water 90; chemical washes - a l l  t o  flume pond. 
5 .  S a n i t a r y  sewer t o  c i t y  sewage p l a n t .  
6 .  Pulp and pulp  p r e s s  water - 100% recyc led .  

t r ea tmen t  f a c i l i t i e s  $300,000. Annual c o s t s  $30,000. No i n c r e a s e  i n  s l i c i n g  planned f o r  
f u t u r e .  No e f f l u e n t  and no BOD 
d ischarged  t o  streams. Accumulate y e a r l y  11 x 10.6 g a l .  excess  water, a l s o  110,000 cu. f t .  mud. 

E .  Comment: Caus t i c  soda added t o  flume water t o  hold  pH up and t o  avoid  odor.  Cost of waste 

W i l l  i n s t a l l  s e p a r a t e  flume and condenser water systems. 



WATER USE, RE-USE AND DISPOSAL 
Spreckels  Sugar Company a t  Spreckels  ( S a l i n a s ) ,  C a l i f o r n i a  

A.  Beets s l i c e d ,  tons/day:--6000; T o t a l  annually:--900000; Molasses worked, tons/day:--350; T o t a l  
annually:--50000; Gross water intake:--9505* (GPD x 103); Source: Wells. Phosphate added t o  
about  90%. 
annua l ly .  

L i m e  and r e s i n  t r ea tmen t  f o r  t h a t  used i n  l i q u i d  sugar .  Cost $2,000 - p l a n t ,  $9,0,00 

B. Flow s h e e t  t ype  111. Modif ica t ions :  None. 
C .  In-Plant  Water Flows (GPD x lo3 ) .  

Raw Water Use Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes (1) 150 6000 
Condensers and Cooling 3310 10500 500 720 2 80 
Di f fuse r  Supply 1050 
L i m e  Mud 
S t e f f e n  (2) 700 

D. Waste Treatment 
1. Flume and g e n e r a l  waste screened ,  t o  11 ponds, 147 a c r e s ,  2-16 f t .  deep. Only 500 t o  hold- 

2 .  L i m e  mud t o  ponds ( 6 ) ,  32 acres. Overflow--150-- t o  gene ra l  ponds. 
3 .  
4 .  S t e f f e n  waste evaporated.  
5 .  
6. Pulp water 100% recycled .  

s l i c e  expected.  

i n g  pond. Retained u n t i l  a l l  evaporated o r  p e r c o l a t e d .  No d i scha rge .  

Condenser water cooled by tower and recyc led  - 3310 t o  ponds. 

A l l  o t h e r  wastes, about  7000 t o  ponds, es t imated  BOD 4300 lb /day .  

E. Comments: Cost of f a c i l i t i e s  $700,000. Operat ing c o s t s  $15,000. Inc rease  of 25% i n  annual  

* Does n o t  equal  t a b u l a t e d  r a w  water use .  
t o  muds, evapora t ion  and seepage.  

The d i f f e r e n c e  i s  p r i m a r i l y  due t o  make up f o r  water 



WATER USE, RE-USE AND DISPOSAL 
Sprecke l s  Sugar Company a t  Manteca, C a l i f o r n i a  

A .  

B ,  Flow s h e e t  t y p e  111. Modi f i ca t ions :  Raw water t o  d i f f u s e r  supply and t o  l i m e  mud. No S t e f f e n .  

C. In-Plant Water Flows (GPD'x l e 3 )  e 

Beets s l i c e d ,  tons/day:--4000; T o t a l  annually:--900000; Gross water intake:--6300* (GPD x lo3),; 
Source: Wells, Treatment of h o t  l i m e  and soda t o  2%% of t o t a l  water. 

No e f f l u e n t  t o  streams, only t o  ponds and i r r i g a t i o n .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 4500 
Condensers and Cooling 1750 4700 1600 (1) 500 180 
D i f f u s e r  Supply 150 800 
L i m e  Mud 175 
(1) Beet washer and sp rays  

D. Waste Treatment 
1. Flume and g e n e r a l  wastes sc reened ,  t o  15 ponds, 62 acres, 5-14 f t .  deep. Re ten t ion  90 days. 

Discharged t o  i r r i g a t i o n  - 4200 con ta in ing  5300 l b s  BOD/day. 
2 .  L i m e  mud t o  8 ponds, 1 2  a c r e s .  Overflow - 290 t o  g e n e r a l  ponds. 
3 .  Condenser water t o  tower c o o l e r  and r ecyc led .  
4 .  Other wastes: f l o o r  d ra inage  - 400 - con ta in ing  12,000 l b s  suga r  p e r  day and chemical washes 

5.  S a n i t a r y  sewage t o  s e p t i c  t ank  and ponds. 
6. 

E .  Comments: Oswald waste t r e a t m e n t ,  modified: from mud pond - anae rob ic  - a e r o b i c  ( a l g a e ) .  Ten 
p e r c e n t  i n c r e a s e  i n  annual  s l i c i n g  a n t i c i p a t e d .  W i l l  add a e r a t o r s  t o  pond system. Cost of 
waste d i s p o s a l  system $200,000. Opera t ing  c o s t  $20,000 p e r  year .  E f f l u e n t  d i scharged  t o  
s tream--none. 

t o  g e n e r a l  ponds. 

Pulp p r e s s  water a l l  r ecyc led .  

Gas washer water - 1000 - t o  l i m e  pond and b e e t  washer system. 

* Does n o t  equa l  t a b u l a t e d  r a w  water use .  The d i f f e r e n c e  is  p r i m a r i l y  due t o  make up f o r  water 
t o  muds, evapora t ion  and seepage. 



WATER USE, RE-USE AND DISPOSAL 
Spreckels  Sugar Company a t  Woodland, C a l i f o r n i a  

A .  Beets s l i c e d ,  tons/day:--3300; T o t a l  annually:--650000; Molasses worked, tons/day:--180; 
90% wi th  T o t a l  annually:--35000; Gross water intake:--6900 (GPD x 103 ) ; Pre-t reatment:  

polyphosphate.  
B. Flow s h e e t  t ype  111. Modif ica t ions :  None. 
C .  In-Plant  Water Flows (GPD x 103 ) . 

Raw Water U s e  Water Re-Use 
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 4100 
Condensers and Cooling 6900 6000 800 6000 300 

S t e f f e n  D i l u t i o n  

D .  Waste Treatment 
1. Flume and gene ra l  waste screened ,  t o  13 ponds, 442 a c r e s  (only h a l f  i n  u s e ) ,  3 f t .  deep. 

2 .  L i m e  mud ponded, 11 acres, no overf low.  
3 .  Condenser water cooled i n  tower and recyc led .  
4 .  S t e f f e n  waste a l l  evaporated.  
5.  Other wastes: F loor  d ra inage  2000 GPD con ta in ing  2000 l b s  suga r ,  and chemical washes t o  

E .  Comments: No e f f l u e n t  t o  streams. Replacement c o s t  of waste t rea tment  f a c i l i t i e s  $200,000, 

Reten t ion  0-120 days.  No d i scha rge  (evapora t ion  and seepage) .  

main sewer; s a n i t a r y  sewer t o  s e p t i c  tank .  

o p e r a t i n g  c o s t s  $15,000 p e r  y e a r .  



WATER USE, RE-USE AND DISPOSAL 
Spreckels  Sugar Company a t  Mendota, C a l i f o r n i a  

A.  Beets s l i c e d ,  tons/day:--3900; T o t a l  annually:--900000; Molasses worked, tons/day:--220; To tq l  

Cost $20,000 f o r  p l a n t ,  $2,500 pe r  yea r .  
annually:--45000; Gross water intake:--4132 (GPD x l o 3  ); Source: 
and r e s i n  f o r  l i q u i d  suga r  only .  

t o  sha l low ponds wi th  n o ' o u t l e t  ( they  dry  up ) .  
In-Plant Water Flows (GPD x l o 3 ) .  

Wells. 2% t r e a t e d  wi th  l i m e  

B. Flow s h e e t  t ype  11. Modi f i ca t ions :  Some r a w  water t o  flumes and t o  l i m e  mud. S t e f f e n  waste 

C. 

Raw Water Flows Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 

Condensers and Cooling 2500 7000 1100 450 40 
D i f f u s e r  Supply 0 530 

S te f  f en  370 
Miscellaneous 132 

D .  Waste Treatment 
1. Flumes and g e n e r a l  wastes sc reened ,  t o  n i n e  ponds, t o t a l  160 acres, 4 f t .  deep. Re ten t ion  

2 .  
3. Condenser water t o  tower c o o l e r  and r ecyc led .  
4.  S t e f f e n  waste t o  ponds ( l o ) ,  used a l t e r n a t e l y ,  t o t a l  47 acres. No d i scha rge ,  l o s s  by 

5 .  Other wastes: 

t i m e  - t o t a l .  No d i scha rge .  
L i m e  mud t o  t h r e e  ponds, 1 2  a c r e s  - 150 GPD x l o 3  - overflow t o  g e n e r a l  ponds. 

evapora t ion  and seepage. I 

ponds. Gas washer water - 350 GPD x l o 3  t o  waste water. Also chemical wastes. S a n i t a r y  
sewer t o  s e p t i c  t ank .  

F loor  d r a i n a g e  - 320 GPD x l o 3  con ta in ing  3500 l b s  suga r  pe r  day t o  g e n e r a l  

E.  Comments: Three of n i n e  flume ponds, 24 acres, are sediment ponds. Cost of waste f a c i l i t i e s  
$250,000, o p e r a t i n g  $20,000 p e r  yea r .  E f f l u e n t  d i scharged  pe r  t on  of b e e t s  - zero .  



WATER USE, RE-USE AND DISPOSAL 
Spreckels  Sugar Company a t  Chandler,  Arizona 

A. Beets s l i c e d ,  tons/day:--4000; T o t a l  annually:--650000; Gross water intake:--1883" (GPD x lo3) ; 
Source: Wells, Treatment: one and one-half pe rcen t  w i th  l i m e  and r e s i n .  Cost:  $20,000 
p l a n t ;  $2,000 annual o p e r a t i o n .  

B. Flow s h e e t  t ype  111. Modi f i ca t ions :  No S t e f f e n .  Raw water t o  l i m e  mud - t o  l i m e  pond wi th  no 
overflow. 

C.  In-Plant Water Flows (GPD x l o 3 ) .  
No overflow from g e n e r a l  ponds. 

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 6000 
Condensers and Cooling 1250 8000 7 60 
D i f f u s e r  Supply 0 7 50 
L i m e  Mud 33 

D. Waste Treatment 
1. Flumes and g e n e r a l  waste sc reened ,  t o  7 ponds, 81 acres, 3-10 f t .  deep. Re ten t ion  - t o t a l .  

2 .  L i m e  mud t o  one pond, 3 a c r e s .  No overflow. 
3. Condenser water t o  tower c o o l e r ,  r ecyc led .  No d i r e c t  d i scha rge .  
4.  Pulp and pu lp  p r e s s  water r ecyc led  t o  d i f f u s e r .  
5. Other wastes: 240,000 ga l /day  con ta in ing  2200 l b  BOD p e r  day; t o  main sewer and ponds; gas 

No d i s c h a r g e .  

washer water 190,000 g a l ;  chemical washes t o  waste ponds. S a n i t a r y  sewer t o  s e p t i c  tank .  

t i o n  ponds. Cost of waste d i s p o s a l :  P l a n t  $450,000, Opera t ion  $20,000 pe r  year .  Add i t iona l  
a e r a t i o n  planned. 

E. Comments: Flume and g e n e r a l  wastes: mud pond - a e r a t i o n  and c i r c u l a t i o n  - d i g e s t e r  - matura- 

* Does n o t  equa l  t a b u l a t e d  r a w  water u s e .  
t o  muds, evapora t ion  and seepage. 

The d i f f e r e n c e  i s  p r i m a r i l y  due t o  make up f o r  water 



WATER USE, RE-USE AND DISPOSAL 
Utah-Idaho Sugar Company a t  Garland, Utah 

A. Beets s l i c e d ,  tons/day:--2550; T o t a l  campaign:--315000; Molasses worked, tons/day:--110; TotaJ 
campaign:--13000; Gross water intake:--8712 (GPD x 103 ); Source: 
Nalco s o f t e n i n g ;  c o s t  $1500/year.  

d i scharged  d i r e c t  t o  r i v e r .  

River  - 8640, Other - 72. 

B. Flow s h e e t  t ype  111, Modi f i ca t ions :  Many. Raw water t o  d i f f u s e r  as make-up. Condenser water 

C .  In-Plan t  Water Flows (GPD x l o3 ) .  

Raw Water Use Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 7200 
Condenser and Cooling 8014 0 - 86 
D i f f u s e r  Supply 288 64 8 
L i m e  Mud 86 - 
S t e f f e n  D i l u t i o n  180 - - 
Misce l laneous  144 

D. Waste Treatment 
1 .  Flumes and g e n e r a l  wastes screened ,  t o  one d e s i l t i n g  pond, 2.7 acres, 2 f t .  deep. Re ten t ion  

2 .  L i m e  mud t o  l i m e  pond ( l ) ,  8 .4  a c r e s .  Overflow t o  r i v e r .  A c t u a l l y  most d i sappea r s  by 

3.  
4.  S t e f f e n  waste 100% evapora ted  CSF. 
5 .  Other wastes: Gas washer water t o  flumes; o t h e r s  t o  main sewer (ponds). S a n i t a r y  sewer t o  

t i m e  6 days ,  r e c i r c u l a t e d  t o  flumes. Enclosed system. 

evapora t ion  and seepage. 
Condenser water - 8554 d ischarged  d i r e c t  t o  Malad River  @ 55' C. 

c i t y  sewage p l an t .  
E .  Comments: No changes p lanned .  E f f l u e n t  d i scharged  - 3350 g a l  p e r  t on  of b e e t s .  BOD d i scha rged  

4 l b / t o n .  



WATER USE, RE-USE AND DISPOSAL 
Union Sugar Company a t  Betteravia, C a l i f o r n i a  

A .  Beets s l i c e d ,  tons/day:--4500-4800; T o t a l  annually:--1,106,000; Gross water intake:--3954 
(GPD x lo3  ) ;  Source: 
w i th  z e o l i t e  s o f t e n e r .  Cost of p re t r ea tmen t :  I n i t i a l  $4500, annual  c o s t :  $19,700. 

Pulp p r e s s  water d ischarged  t o  ocean by pulp  d r i e r  c o n t r a c t o r .  No S t e f f e n .  No d i scha rge  from 
s e t t l i n g  ponds o r  l i m e  pond. 

C .  In -Plan t  Water Flows (GPD x lC3). 

Wells - p r e t r e a t e d  (a)  98% w i t h  sodium hexameta phosphate,  (b) 2% 

B. Flow s h e e t  t y p e  111. Modi f i ca t ions :  Raw water t o  d i f f u s e r  supply ( t o t a l )  and misce l laneous .  

Raw Water U s e  Water R e - U s e  
Barometric D i f f u s e r  L i m e  Pulp 

Recycled Flumes Condensers Supply Mud Transp t . 
Flumes 0 6432 
Condensers and Cooling 2246 9072 6864 1420 144 664 
D i f f u s e r  Supply 1420 No 

Other 288 

D .  Waste Treatment 
1. Flume and g e n e r a l  w a s t e  s c reened ,  t o  3 ponds, 47 acres, 6 f t .  deep, 10 days r e t e n t i o n .  

2 .  L i m e  mud d ischarged  t o  f o u r  ponds (used a l t e r n a t e l y )  - 8 ,4 ,4 ,  6.4 acres. Overflow d i s -  

3. 
4. Other wastes: F loor  d ra inage  - 144; gas  washer - 28; t o  main sewer. Chemical washes t o  

5 .  Pulp t r a n s p o r t e d  t o  S in ton  and Brown d r y e r  (200 y d s . ) .  Transpor t  water r ecyc led  t o  Union 

E. Comments: Annual accumulation of 6500 tons  d i r t .  N o  d i scha rge  of e f f l u e n t  t o  stream - see 5 

Closed system - no d i s c h a r g e  t o  stream. 

charged d i r e c t  - 144 GPD x lo3. 
Condenser water t o  spray  pond - 9360 GPD x 1s. 

l i m e  pond. S a n i t a r y  sewer t o  s e p t i c  t anks .  

Sugar pond system; p r e s s  water d i scha rges  p r i n c i p a l l y  t o  ocean. 

above. BOD in pu lp  p r e s s  water t o  ocean by S in ton  and Brown, probably 10-12 l b s  p e r  t on  b e e t s  
( e s t ima ted  by a u t h o r ) .  



WATER USE, RE-USE AND DISPOSAL 
Utah-Idaho Sugar Company a t  Idaho F a l l s ,  Idaho 

A. Beets s l i c e d ,  tons/day:--4200; T o t a l  annually:--595000; Molasses worked, tons/day:--125; Tot41 
annually:--21000; Gross water intake:--3600 (GPD x lo3 ) ; Source: 
t o  prevent  s c a l i n g .  

pond. F u l l  flume r e c i r c d l a t i o n  i s  planned f o r  f u t u r e .  

Wells. Treatment - Nalco 
Cost $500 pe r  yea r .  

B. Flow s h e e t  t y p e  111. Modif ica t ions :  Raw water t o  d i f f u s e r  and l i m e  mud. No overf low from l i m e  

C .  In-Plant  Water Flows (GPD x l o3 ) .  

Raw Water Use Water R e - U s e  
Barometr ic  D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 43 20 
Condensers and Cooling 2542 5760 9360 
D i f f u s e r  Supply 64 8 936 

S t e f f e n  D i l u t i o n  180 
Miscel laneous 144 

D. Waste Treatment 
1. Flume and g e n e r a l  wastes screened ,  4320 r ecyc led ,  3600 d ischarged  d i r e c t  t o  Snake River .  

2 .  L i m e  mud t o  one pond, 6 a c r e s .  No overf low,  no d i scha rge .  
3. Condenser water recyc led  through tower c o o l e r  t o  house.  No d i scha rge  d i r e c t  t o  stream. 
4 .  S t e f f e n  waste 100% evaporated CSF. 
5. Other  wastes: 

Chemical washes t o  l i m e  pond. 
tank  and d r a i n  f i e l d .  

BOD i n  waste t o  r i v e r  - 16,000 l b s  pe r  day. 

F loor  d ra inage  - 14.4 GPD x l C 3  con ta in ing  69 Ib  BOD p e r  day t o  sewer. 
S a n i t a r y  sewer - 200 GPD x l C 3  ). 34 l b  BOD pe r  day t o  s e p t i c  

E .  Comments: A f t e r  s c reen ing ,  mud p a r t l y  removed by mechanical c l a r i f i e r ,  p a r t l y  by ponds. 
I n c r e a s e  of 16% i n  s l i c i n g  planned.  Cost of waste system $200,000. Annual c o s t  $2000. Eff-  
l u e n t  t o  stream - 818 g a l / t o n  b e e t s .  BOD 4 l b  p e r  ton .  



WATER USE, RE-USE AND DISPOSAL 
Utah-Idaho Sugar Company a t  West Jordan ,  Utah 

A .  

B. Flow s h e e t  t ype  11. Modi f i ca t ions :  No S t e f f e n .  L i m e  pond - no d i scha rge .  
C .  

Beets s l i c e d ,  tons/day:--1600; T o t a l  campaign:--180000; Gross water intake:--7200 (GPD lo3)  ; 
Source: Wells - 1440, Jo rdan  R ive r ,  Nalco t r ea tmen t  f o r  s c a l i n g  c o n t r o l .  Cost $1200/year.  

In-Plant Water Flows (GPD x l o 3 ) .  

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Mud 
Flumes 0 
Condensers and Cooling 7000 6700 230 56 
D i f f u s e r  Supply 1512 
L i m e  Mud 56 

D. Waste Treatment 
1. Flume and g e n e r a l  waste sc reened ,  t o  one d e s i l t i n g  pond, 2 acres, 2 f t .  deep, 2 hours  

2 .  L i m e  mud t o  pond, 40 a c r e s .  No d i scha rge .  
3.  Condenser water used i n - p l a n t  f lows .  No d i r e c t  d i scha rge .  
4.  Other wastes: F loor  d r a i n a g e  - 11,000 GPD (52 l b s  BOD/day) t o  g e n e r a l  wastes; gas washer 

r e t e n t i o n ,  t o  Bingham Creek t o  Jordan  River  - 7200 GPD x 103, c o n t a i n i n g  6800 l b  BOD/day. 

w a t e r  - 216,000 GPD t o  wastes. Chemical washes t o  l i m e  pond. S a n i t a r y  sewer t o  c i t y  sew-  
age  p l a n t  (288,000 GPD - 2 8  l b s  BOD/day). 

5 .  Pulp p r e s s  water r ecyc led  t o  d i f f u s e r .  

t o  streams - 4325 g a l / t o n  b e e t s .  
E. Comments: Cost of waste p l a n t  $250,000. Annual o p e r a t i n g  c o s t  $1,000, E f f l u e n t  d i scha rged  

BOD per  t on  - 4.0 .  



WATER USE, RE-USE AND DISPOSAL 
Utah-Idaho Sugar Company a t  Toppenish, Washington 

A. 

B.  Flow s h e e t  t ype  11. Modi f i ca t ions :  No S t e f f e n .  Raw water t o  d i f f u s e r  supply .  No d i s c h a r g e  
Condenser water d i r e c t  t o  r i v e r .  

C .  

Beets s l i c e d ,  tons/day:--3800; T o t a l  campaign:--495000; Gross water intake:--8640 (GPD x 10:) ; 
Source: Wells. Nalco s o f t e n i n g .  $1500 p e r  yea r .  

from l i m e  ponds o r  gene ra l  ponds (seepage and e v a p o r a t i o n ) .  
In-Plant Water Flows (GPD x 10 3 ) .  

Raw Water U s e  Water Re-Use 
Barometric D i f f u s e r  L i m e  

Recycled Flumes Condensers Supply S t e f f e n  Xud 
Flumes 0 7920 
Condenser and Cooling 7906 0 576 86 
D i f f u s e r  Supply 518 1440 
L i m e  Mud 0 
Other 216 

D. Waste Treatment 
1. Flume and g e n e r a l  wastes sc reened ,  t o  one pond, 20 acres, 1 f t .  deep. No d i scha rge .  

2 .  L i m e  mud t o  one pond, 20 acres. No overflow. Seepage and evapora t ion .  
3 .  
4. Chemical washes t o  l i m e  pond; s a n i t a r y  sewer t o  s e p t i c  t ank  - sewer. . 

5 .  Other wastes t o  main sewer. 
6. Pulp water 100% recyc led .  

1906 g a l .  pe r  t on  b e e t s ,  4 l b s  BOD pe r  ton  b e e t s .  

Seepage and evapora t ion .  

Condenser water - 7244 d ischarged  d i r e c t  t o  r iver @ t empera ture  of 50' C.  

E .  Comments: Cost of waste system $200,000. Annual o p e r a t i n g  c o s t s  $3000. E f f l u e n t  d i scharged  - 



WATER USE, RE-USE AND DISPOSAL 
Utah-Idaho Sugar Company a t  Moses Lake, Washington 

A. Beets s l i c e d ,  tons/day:--6450; T o t a l  annually:--900000; Molasses worked, tons/day:--225; T o t a l  

B. Flow s h e e t  t ype  111. Modif ica t ions :  Raw Water t o  d i f f u s e r  make-up and l i m e  mud. No d i scha rge  

C .  

annually:--38500; Gross water intake:--3715 (GPD x l o3  ); Source: 

t o  stream. 
In-Plan t  Water Flows (GPD x lo3) .  

Wells. 

Seepage and evapora t ion .  U-1 h a s  1200 acres l and  - u s e  only  600 acres. 

Raw Water U s e  Water R e - U s e  
Barometr ic  D i f f u s e r  L i m e  

S t e f f e n  Mud Recycled Flumes Condenser Supply 
Flumes 0 12009 
Condensers and Cooling 2225 10080 2880 
Di f fuse r  Supply 922 1380 
L i m e  Mud 86 
Stef  f en D i l u t i o n  324 
Miscel laneous 158 

D. Waste Treatment 
1. Flumes and gene ra l  waste screened ,  t o  c l a r i f i e r ,  t o  pond, 45 acres, 3 f t .  deep. 

2. L i m e  mud t o  one pond, 39 acres, no overf low.  
3. 

4 .  
5 .  S t e f f e n  waste a l l  evapora ted ,  added t o  b e e t  pu lp  d r i e r .  
6 .  

Recycled 
t o  flume. No d i scha rge ,  seepage and evapora t ion .  

Condenser water t o  t h r e e  "Marley'l cool ing  towers .  
t ank  (with w e l l  wa te r ) .  
Pulp and pulp  p r e s s  water r ecyc led  t o  d i f f u s e r .  

Other wastes: 
sewer ponds (144 GPD x lo3) ;  
and d r a i n  f i e l d .  

Cools t o  about  20' C .  - t o  main water 

F loor  d r a i n s  - 14 GPD x lo3  - BOD 69 l b .  pe r  day,  t o  sewer; gas  washer t o  
chemical washes t o  l i m e  pond; s a n i t a r y  sewer t o  s e p t i c  tank 

E .  Comments: Inc rease  of 60% i n  s l ice  planned. Cost of waste p l a n t  $300,000, o p e r a t i n g  c o s t s  
$2000. E f f l u e n t  t o  stream p e r  ton  b e e t s  - ze ro .  BOD t o  stream - z e r o .  



QUESTIONNAIRE 

State-of-Art ,  Sugarbeet Process ing  Waste Treatment 
f o r  t h e  

Fede ra l  Water Qua l i ty  Admin i s t r a t ion  

Sec t ion  A .  General 
1. Company N a m e  
2 .  Loca t ion  of P l a n t  

(Ci ty  and S t a t e )  
3 .  Typica l  d a t e s  of campaign, from t o  
4. Annual b e e t  tonnage processed  

5. I f  p l a n t  i nc ludes  S t e f f e n  p rocess :  
Average 24-hour b e e t  tonnage processed 

Annual tonnage of molasses  processed 
Average tonnage molasses  processed i n  24 hours  

Sec t ion  B. Water U s e  (See Note) 
1. Gross f r e s h  w a t e r  i n t a k e  (1,000 ga l /day )  
2. Source of f r e s h  (raw) water (1,000 ga l /day)  

Wells River o r  l a k e  Other  
3 .  Is water t r e a t e d  b e f o r e  use? No Y e s  

( I f  yes ,  what pe rcen t  of t o t a l  i s  t r e a t e d ? )  
What types  of t r ea tmen t  are provided:  

Est imated replacement c o s t  of f a c i l i t i e s  t o  treat  water b e f o r e  
use:  $ 
Estimated annual  o p e r a t i n g  c o s t  of water t r ea tmen t  p r i o r  t o  
u s e  i n  t h e  f a c t o r y :  $ 

Sec t ion  C .  I n p l a n t  Water Flows 
1. Raw water u s e  (1,000 ga l /day ) :  

a .  To flumes d i r e c t  
b .  
c. To d i f f u s e r  supply 
d. To l i m e  mud 

To barometr ic  condensers  and coo l ing  

e. To S t e f f e n  ( d i l u t i o n )  
f .  Other  

2 .  Flume water (1,000 ga l /day ) :  
a.  T o t a l  f low 
b. Recycled 
c. Discharged d i r e c t  
d. Discharged t o  ponds 

Note: Data f o r  1968 campaign o r  la tes t  completed campaign. 



Sec t ion  C .  I n p l a n t  Water Flows (cont inued)  

3 .  Barometric condenser and coo l ing  water (1,000 ga l /day ) :  
a. T o t a l  f low 
b. Cooled and r ecyc led  
c. To flumes 
d. To b e e t  washers and s p r a y s  __c______ 

e .  To d i f f u s e r  supply  
f .  To l i m e  mud 
g. Discharged d i r e c t  
h .  Other 

a. T o t a l  f low 
b .  Recycled t o  d i f f u s e r  
c. Discharged t o  wastes 
d. Other ( exp la in )  

4 .  Pulp and pu lp  p r e s s  water (1,000 ga l /day ) :  

Sec t ion  D.  Waste Treatment 
1. Flume and gene ra l  waste: 

Screened - Y e s  No 
Discharged d i r e c t  
To ho ld ing  f a c i l i t i e s :  

Number of ponds 
Acreage 
Depth 
Days r e t e n t i o n  
Discharged t o  
Volume d ischarged  (1,000 ga l /day )  
BOD i n  waste d ischarged  ( lb s /day )  

Discharged d i r e c t  - Y e s  No 
Ponded - Y e s  No 
S i z e  and number of ponds 
Overflow d ischarged  - Y e s  No 

2 .  L i m e  mud: 

Direct Volume (1,000 ga l /day )  
To g e n e r a l  ponds 

BOD i n  waste d ischarged  ( lb s /day )  

Discharged d i r e c t  - Y e s  No 
I f  condenser w a t e r  is  r ecyc led ,  how is  i t  cooled? 

3.  Condenser w a t e r :  

Tower Spray pond 
Volume d ischarged  (1,000 ga l /day )  
Temp era t u r e  

Discharged d i r e c t  - Y e s  No 
To ponds - Y e s  No 
Evaporated - Y e s  No 

4 .  S t e f f e n  waste: 

( I f  y e s ,  what pe rcen tage  of t o t a l  
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Sec t ion  D.  Waste Treatment (cont inued)  

5. Other wastes: 
a .  F loo r  dra inage :  

Discharged t o  main sewer - Y e s  
Est imated average  volume (1,000 ga l /day)  
Est imated average  BOD l b s / d a y  

No 

l b s  sugar/day 
b.  Gas washer d ischarge :  

Source of gas  washer water 
Discharged t o  
Est imated volume (1,000 ga l /day)  

c. Chemical washes: 
Boi lout  of pans and evapora to r s ,  d i scharged  t o  
Est imated BOD ( lbs /day)  
Acid wash of f i l t e r s ,  d i scharged  t o  
Est imated BOD ( lb s /day )  

d. S a n i t a r y  Sewer: 
Est imated volume (1,000 ga l /day )  
Discharged t o  4. 

Estimated BOD ( lb s /day )  
6. Details: 

a.  I f  f lume and b e e t  washer water are recyc led ,  o r  p a r t l y  
r ecyc led ,  what t r ea tmen t ,  i f  any, i s  provided f o r  t h e  
r ecyc led  p o r t i o n :  Screened mud s e p a r a t e d  by 
mechanical c l a r i f i e r s  by s e t t l i n g  ponds 
o t h e r  
P l e a s e  show by s k e t c h  o r  diagram s p e c i a l  f e a t u r e s  of 
t r e a t i n g  system, i n c l u d i n g  approximate dimensions o r  
c a p a c i t i e s .  
Is pulp  and pulp  p r e s s  w a t e r  completely r ecyc led  t o  
d i f  i u s e r ?  
I f  n o t ,  what d i s p o s i t i o n  i s  made of t h e  excess?  
A r e  flume and g e n e r a l  wastes t r e a t e d  i n  whole o r  i n  p a r t  
by a b i o l o g i c a l  system o r  p rocess  - Y e s  NO 
( I f  yes ,  show by s k e t c h  e s s e n t i a l  f e a t u r e s ;  estimate 
e f f e c t i v e n e s s . )  

d. I f  a completely c losed  system, i n c l u d i n g  i n t e g r a t i o n  w i t h  
t h e  condenser water system, is used (as i n  F ind lay ,  Ohio),  
p l e a s e  estimate t h e  q u a n t i t y  of s u r p l u s  waste which 
accumulates  annual ly .  

b .  

c. 

Sec t ion  E. S p e c i a l  Informat ion  
1. What i n c r e a s e  i n  annual  s l ice of  b e e t s  i s  a n t i c i p a t e d  du r ing  t h e  

2. 

3 .  

p e r i o d  1969 t o  1979? 
What changes i n  w a s t e  t r ea tmen t  are a n t i c i p a t e d  du r ing  t h e  
per iod?  
W i l l  an a n t i c i p a t e d  increase i n  the beet o p e r a t i o n s  increase t h e  
water p o l l u t i o n  problems and ,  i f  so, by how much? 
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Sec t ion  E. S p e c i a l  Information (cont inued)  

4 .  Please estimate c o n s t r u c t i o n  c o s t s  of  w a s t e  w a t e r  treatment 

5 .  With e x i s t i n g  w a s t e  d i s p o s a l  f a c i l i t i e s ,  how many g a l l o n s  of 
f a c i l i t i e s  - $ Annual o p e r a t i n g  c o s t s  $ 

e f f l u e n t  is  d ischarged  t o  streams p e r  t o n  of b e e t s  s l i c e d ?  
How many pounds BOD p e r  t o n  of b e e t s  s l i c e d  - (Your b e s t  
estimate i s  reques t ed ) .  
How much can t h e s e  q u a n t i t i e s  b e  reduced by contemplated changes 
i n  waste d i s p o s a l  f a c i l i t i e s ?  

Sec t ion  F. Remarks and Comments 
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