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I. INTRODUCTION AND OVERVIEW OF SYSTEMS 

Since 1974, t h e  Chemical Technology D i v i s i o n  a t  Oak Ridge Na t i ona l  Labora to ry  
(ORNL) has been i n v e s t i g a t i n g  an anaerobic process f o r  wastewater t rea tment .  
The process i s  designed t o  remove suspended s o l i d s  and'oxygen-demanding 
o rgan ics .  I n  t h i s  process, wastewater f l ows  upward t h rough  a column t h a t  
con ta ins  a s o l i d  pack ing m a t e r i a l  suppo r t i ng  microorganisms. ORNL has termed 
t h e  process ANFLOW (ANaerobic - upFLOW). 

I n i t i a l l y ,  t h e  t e s t  columns a t  ORNL were i nocu la ted  w i t h  c u l t u r e s  f r om bov ine 
ruminant  f l u i d s .  Hence, another  te rm t h a t  has been a p p l i e d  t o  t h e  ANFLOW 
columns i s  " ruminant  b i o reac to r s " ,  a l though t h e  ORNL i n v e s t i g a t o r s  p r e f e r  t h e  
te rm ANFLOW. Some columns have been s t a r t e d  s u c c e s s f u l l y  w i t h  i n o c u l a  f rom 
o t h e r  ANFLOW columns r a t h e r  than  w i t h  ruminant  f l u i d s .  

ANFLOW columns have been t e s t e d  a t  bench sca le  and i n  a  5,000-gallon p e r  day 
p i l o t  p l a n t  t r e a t i n g  dome-stic wastewater. The process i s  designed t o  remove 
s o l i d s  and oxygen-demanding substances i n  one step, r e q u i r i n g  no ae ra t i on ,  and 
gene ra t i ng  very  l i t t l e  sludge. Because a e r a t i o n  and sludge hand l i ng  a re  
energy- in tens ive  aspects o f  conven t iona l  wastewater t r ea tmen t  processes (e.g. 

- a c t i v a t e d  s ludge) ,  t h e  ANFLOW process has t h e  p o t e n t i a l  t o  reduce energy 
- consumption i n  wastewater t rea tment  p l a n t s .  Moreover, because t h e  process i s  

anaerobic,  i t  can' generate methane. Use o f  t h i s  methane as a f u e l  w i t h i n  
t rea tment  p l a n t s  o r  elsewhere m e r i t s  t e c h n i c a l  and economic assessment. 

A. PURPOSE 

The purpose o f  t h i s  r e p o r t  i s  t o  p r o v i d e  t h e  Department o f  Energy 's  O f f i c e  o f  
P o l i c y  and Eva lua t i on  w i t h  a  t e c h n i c a l  and economic assessment o f  t h e  ANFLOW 
process. S p e c i f i c  i tems addressed t o  ach ieve t h i s  purpose i n c l u d e :  

. Whether t h e  p r ima ry  energy- re la ted  advantage i s  energy conse rva t i on  
o r  energy p roduc t i on  ( i . e .  methane); 

. T o t a l  annual energy p roduc t  i o n l s a v i  ng po ten t  i a1 i f  ANFLOW achieved 
100 percen t  p e n e t r a t i o n  o f  i t s  t o t a l  market;  

. S t a t e  o f  t e c h n i c a l  development; 

. L i k e l y  deployment c h a r a c t e r i s t i c s  ( l a r g e  c e n t r a l  o r  smal l  d ispersed  
p l a n t s ) ;  . . 

. Present  and f u t u r e  economic compet i t iveness;  

. I d e n t i f i c a t i o n  of u n i q u e l p r o p r i e t a r y  concepts.  

These i tems, as w e l l  as o t h e r s  t h a t  emerged d u r i n g  t h e  i n v e s t i g a t i o n ,  a re  
assessed i n  Sec t ions  T T T  and T V .  



B. PROCESS DESCRIPTION 

1. Phys i ca l  Arranqement 

ANFLOW u n i t s  may va ry  i n  s i ze ,  b u t  t h e i r  p h y s i c a l  c o n f i g u r a t i o n  has always 
been as shown i n  F i g u r e  1. The p r i n c i p a l  u n i t s  t h a t  have been t e s t e d  t o  da te  
have t h e  f o l l o w i n g  dimensions: 

1. Bench s c a l e :  1.5 I n .  d iameter ,  3 f l .  t ~ i y h  

2. ' La rge r  bench sca le :  9 i n .  d iameter ,  6 ft. h i g h  

3. P i l o t  p l a n t :  5 f t .  diameter,  18.3 ft. h i g h  

Rec tangu la r  geometr ies  may be t e s t e d  i n  t h e ' f u t u r e .  D e t a i l s  o f  des ign  and 
o p e r a t i o n  a re  p rov i ded  i n  l a t e r  s e c t i o n s  o f  t h i s  r e p o r t .  Some o f  t h e  ma jo r  
f a c t o r s  t o  keep i n  mind w i t h  r ega rd  t o  F i g u r e  1 are :  

1. E f f e c t i v e  gas c o l l e c t i o n  r e q u i r e s  t h a t  t h e  column be w e l l  sealed. 

2. Hyd rau l i c  f a c t o r s  i n  des ign  and o p e r a t i o n  a re  c r u c i a l  t o  
success. The i n f l u e n t  f l o w  must be f e d  even l y  i n t o  t h e  bot tom 
o f  t h e  packed sec t i on ;  p l u g  f l o w  w i t h o u t  " s h o r t  c i r c u i t i n g "  
should  be ma in ta ined ;  and f l o w  r a t e s  should  be low enough t o  
p r o v i d e  r e q u i r e d  res i dence  t i m e  and avo id  washout o f  s o l i d s .  

2. B i o l o g i c a l  Fac to r s  

ANFLOW columns have always been s t a r t e d  up by i n o c u l a t i n g  w i t h  c u l t u r e s  f r om  
bov ine  ruminan t  f l u i d s ,  o r  f rom o p e r a t i n g  ANFLOW columns. .Ruminant f l u i d s  
c o n t a i n  a un ique anaerob ic  m i c r sob ia l  assemblage c o n s i s t i n g  o f  organisms t h a t  
can break down c e l l u l o s e ,  methane formers,  and protozoans t h a t  graze on 
b a c t e r i a  ( t h u s  keeping down t h e  mass o t  m i c r o b i a l  cells). 

L i t t l e  m i c r o b i o l o g i c a l  work has been done a t  ORNL t o  f o l l o w  t h e  behav io r  and 
compos i t i on  o f  t h e  m i c r o b i a l  community . w i t h i n  t h e  ANFLOW columns. Other  
i n o c u l a  have n o t  been used. Theretore,  no da ta  a re  a v a i l a b l e  f o r  assess ing 

Wf?d f o r  o r  b e n e f i t s  from t h e  use o f  ruminant  f l u i d s ,  a l though  ORNL doubts  
t h a t  t hese  f l u i d s  a re  an e s s e n t i a l  inoculum. 

C. IMPORTANT WASTEWATER PARAMETERS 

The p r i n c i p a l  r e g u l a t e d  parameters i n  wastewater d ischarges  f r om p u b l i c l y  
owned t r ea tmen t  works (POTW1s) a re  suspended s o l i d s  and.b iochemica1 oxygen 
demand (BOD). BOD i s  an i n d i c a t i o n ,  based on a  l a b o r a t o r y  t e s t ,  o f  t h e  r a t e  
a t  wh ich  aerob ic  microorganisms consume oxygen w h i l e  m e t a b o l i z i n g  o rgan i c  
m a t t e r  i n  t h e  water.  T h i s  parameter, t h e r e f o r e ,  g i v e s  i n s i g h t  i n t o  a  
wastewater lS p o t e n t i a l  t o  d e p l e t e  oxygen i n  r e c e i v i n g  waters.  BOD i s  
cus tomar i  l y  determined by measur ing oxygen d e p l e t i o n  i n  a  sample t h a t  has been 
i ncuba ted  f o r  f i v e  days (BODS). Organic m a t t e r  can a l s o  be me'asured more 
q u i c k l y  by o t h e r  methods, y i e l d i n g  va lues f o r  parameters such as chemica l  
oxygen demand (COD) and t o t a l  o rgan i c  carbon (TOC). TOC i n  p a r t i c u l a r  was 
f r e q u e n t l y  used by ORNL i n  deve lop ing  o p e r a t i n g  da ta  w i t h  ANFLOW columns. For  



Figure  1.. Schematic o f  an ANFLOW Column 
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municipal wastewaters, TOC and BOD5 will normally be strongly correlated, so 
that discussions.in this report of TOC removal should, in general, be 
applicable to BOD removal as well. For the specific question of meeting 
standards on BODS, however, only data on BOD5 are applicable. 



11. SUMMARY, FINDINGS, AND CONCLUSIONS 

T h i s  r e p o r t  ana lyzes t h e  ANFLOW process be ing  developed a t  Oak Ridge Na t i ona l  
Labora to ry  f o r  t r ea tmen t  o f  o rgan i c  wastewaters. The process i s  compared t o  
conven t iona l  t r ea tmen t  processes on t h e  b a s i s  o f  env i ronmenta l  e f f e c t s ,  energy 
use, methane p roduc t ion ,  and cos t .  As t h e  analyses progressed, severa l  
assumptions were r e q u i r e d  because t e s t s  on t h e  process have been a t  smal l  
s ca le  and have observed a  l i m i t e d  number o f  parameters. 

The ANFLOW process, w i t h  g r a n u l a r  media f i l t r a t i o n  o f  t h e  e f f l u e n t ,  appears 
a b l e  t o  meet s tandards f o r  secondary t rea tment  o f  most mun i c i pa l  wastewaters. 
I f  f u r t h e r  demonst ra t ions can show r e l i a b i l i t y  under a  range o f  i n f l u e n t  
c o n d i t i o n s ,  i f  ammonia l e v e l s  i n  t h e  d ischarge  can be c o n t r o l l e d ,  and if 
bioassays show t h a t  t h e  e f f l u e n t ' s  t o x i c i t y  i s  n o t  h i g h e r  than  t h a t  o f  
conven t i ona l  e f f l u e n t s ,  t hen  env i ronmenta l  c o n t r a i n t s  shou ld  n o t  impede 
comtGerc ia l izat ion o f  t h e  process. The r e q u i r e d  demonst ra t ions and process 
re f inements  shou ld  r e q u i r e  5 t o  10 years ,  i f  t h e  des ign  f l o w  i s  inc reased  
t e n f o l d  every  t h r e e  years .  F a s t e r  commerc i a l i za t i on  i s  poss ib l e ,  bu t  a t  
h i ghe r  r i s k  t h a t  unforeseen problems m igh t  occur  i n  f u l l - s c a l e  systems. 

Energy consumption o f  t h e  ANFLOW process i s  much l e s s  t h a n  t h a t  o f  a c t i v a t e d  
s ludge systems. Comparisons w i t h  t r i c k l i n g  f i l t e r  systems a re  a l s o  favorab le ,  
b u t  by a  sma l l e r  margin.  

Use o f  methane generated i n  ANFLOW r e a c t o r s  may be h indered  by seve ra l  f a c t o r s  
t h a t  have been g i ven  l i t t l e  a t t e n t i o n  i n  p rev i ous  r e p o r t s  on t h e  process:  

- . Under t h e  t e s t  condiL iur ls  used t o  date,  n e a r l y  h a l f  o t  t h e  methane 
produced i s  d i s s o l v e d  i n  t h e  r e a c t o r  e f f l u e n t .  Recovery o f  t h i . s  
methane f o r  use as a  f u e l  i s  n o t  a  t r i v i a l  ma t t e r .  P roduc t i on  of 
gaseous methane would be enhanced by t r e a t i n g  s t r o n g e r  wastes o r  by 
r e a c t o r  o p e r a t i o n  a t  h i g h e r  temperature.  

. Methane y i e l d s  appear t o  be l i m i t e d  by t h e  f a c t  t h a t  s i g n i f i c a n t  
amounts o f  o rgan i c  m a t e r i a l .  accumulate w i t h i n  t h e  r e a c t o r  w i t h o u t  
be ing  b i o c h e m i c a l l y  conver ted.  . 

. Small t r ea tmen t  p l a n t s ,  which may s e l e c t  t h e  ANFLOW process f o r  i t s  
s i m p l i c i t y ,  may f o r e g o  methane use because gas c o l l e c t i o n  and s to rage  
systerr~s r e q u i r e  o p e r a t o r  a t t e n t i o n .  

Another f a c t o r  i n  methane gene ra t i on  i s  t h e  waste s t r eng th .  For  d i l u t e  
i n f l u e n t s  (e.g. 100 mgla , as a t  t h e  Oak Ridge East Treatment p l a n t ) ,  ANFLOW 
energy  requirement.^ a re  g r e a t e r  t han  t h e  energy a v a i l a b l e  f r om  t h e  produced 
methane. Thus, ANFLOW i s  an energy-saving process a t  a l l  f l o w  ranges and 
waste s t reng ths ,  b u t  produces s u r p l u s  energy o n l y  under some c o n d i t i o n s .  
Those c o n d i t i o n s  depend on f u t u r e  a v a i l a b i l i t y  o f  sma l l - sca le  equipment t o  
c o l l e c t ,  s to re ,  and use r e a c t o r  o f f g a s .  Based on assumptions d e f i n e d  i n  t h i s  
rcpolnt ,  p l a n t s  l a i y e r  .I;tldri 0.5 r ~ ~ g d  t r e a t i n g  wastes s t r o n g e r  t han  100 mgla 
BOD5 should,  i n  t h e  f u tu re ,  produce su rp l us  o f f g a s  w i t h  p o t e n t i a l  f o r  
o f f s i t e  use. 



Costs f o r  ANFLOW-based t r ea tmen t  systems appear t o  be lower  than  those f o r  
conven t i ona l  systems a t  des ign  f l o w s  up t o  approx imate ly  1  mgd. Larger  p l a n t s  
a r e  d i f f i c u l t  t o  assess because i n f o r m a t i o n  about ANFLOW i s  l ack ing .  
Larger -sca le  demonstrat ions o f  t h e  process w i l l  a i d  f u t u r e  assessments f o r  
l a r g e r  p l a n t s .  

A s e r i e s  o f  a l t e r n a t e  s e t s  o f  assumptions about f u t u r e  market p e n e t r a t i o n  has . 

l e d  t o  n a t i o n a l  p r o j e c t i o n s  f o r  t h e  year  2000 o f  p o t e n t i a l .  energy b e n e f i t s  
from t h e  use o f  ANFLOW. I f  a1 1  new c o n s t r u c t i o n  o f  pub1 ic ly-owned t rea tment  
works beg inn ing  immediate ly  were designed around ANFLOW, t h e  n a t i o n a l  annual 
energy b e n e f i t  ( conse rva t i on  - p l u s  methane p r o d u c t i o n )  r e l a t i v e  t o  a c t i v a t e d  
s ludge would be 0.006 quads. R e l a t i v e  t o  t r i c k l i n g  f i l t e r s ,  t h e  va lue would 

I be 0.003 quads. These a r e  h i g h l y  specu la t i ve  f i gu res ,  n e c e s s a r i l y  based on 
many assumptions. I n  r e a l i t y ,  t h e  commitment cannot be made u n t i l  severa l  
more .years o f  process development have occurr.ed. These va lues  are, t he re to re ,  
more app rop r i a te  t o  t h e  yea r  2090. (They were es t imated  f o r  t h e  year  2UUO 

, because good p r o j e c t i o n s  o f  wastewater t rea tment  needs a r e  a v a i l a b l e  f o r  t h a t  
date.  ) 

Because o f  t h e  sma l l  s c a l e  o f  t e s t i n g  t o  date, r e l i a b l e  es t imates  o t  t h e  
p r o c e s s ' s  a p p l i c a b i l i t y  t o  l a r g e  p l a n t  des ign f l o w  cannot be made. I n  
genera l ,  process s i m p l i c i t y  and .cos t  sav ings appear most advantageous f o r  
sma l l ,  d i spersed  deployment. On t h e  o t h e r  hand, e f f e c t i v e  c o l l e c t i o n ,  
process ing,  and use o f  o f f g a s  should f a v o r  l a r g e  p l a n t s  (above 5 mgd). 

L i t t l e  t e s t i n g  of i n d u s t r i a l  wastes has been performed, b u t  t h e  resource o f  
degradable o rgan ics  i n  i n d u s t r i a l  wastewaters suggests a  p o t e n t i a l  n a t i o n a l  
energy b e n e f i t  o f  t h e  same o r d e r  o f  magnitude as t h a t  f o r  mun i c i pa l  waste- 
waters.  



111. ANALYSIS OF SPECIFIC TOPICS 

INTRODUCTION 

Th i s  s e c t i o n  descr ibes  t h e  env i ronmenta l ,  energy-re la ted,  and economic f a c t o r s  
e s s e n t i a l  t o  an assessment o f  t h e  ANFLOW process. .The assessment.begins w i t h  
c o n s i d e r a t i o n  o f  EPA's d ischarge  requi rements f o r  POTW's and t h e  ways t h a t  
those  requi rements govern performance o f  systems t h a t  m igh t  i n c l u d e  t h e  ANFLOW 
process. From t h i s  c o n s i d e r a t i o n  emerges a s e t  o f  h y p o t h e t i c a l  p l a n t  
schematics i nc l ' ud ing  ANFLOW, a c t i v a t e d  sludge, o r - t r i c k l i n g  f i l t e r  processes. 
The l a t t e r  two processes a re  those  most o f t e n  used t o  achieve secondary 
t rea tment .  These p l a n t  schematics are in tended t o  produce rough l y  e q u i v a l e n t  
(and l e g a l )  e f f l u e n t s  f rom t y p i c a l  equ i va len t  i n f l u e n t s .  The schematics a re  
then  compared w i t h  each o t h e r  on t h e  b a s i s  o f  energy and cos t .  Wi th  t h e  
r e s u l t a n t . f a c t s  and f i g u r e s ,  assessments a re  made rega rd ing  t h e  f u t u r e  market. 
p e n e t r a t i o n  and n a t i o n a l  et'ler'yy ' i111p1 l c a t i o n s  o f  t h e  ANFLOW process. 

Much of t h e  i n f o r m a t i o n  on t h e  ANFLOW process was a v a i l a b l e  i n  a r e p o r t ( 1 )  
w r i t t e n  f o r  ORNL by Assoc ia ted Water and A i r  ~ e s o u r c e s  Engineers,  Inc .  
(AWARE). The AWARE r e p o r t  i nc 1 uded : 

. A l i t e r a t u r e  rev iew  on anaerobic t rea tment  o f  wastewaters and sludges. 

. D e s c r i p t i o n s  o f  ANFLOW t e s t  sytems and exper imenta l  da ta  gathered by 
ORNL. 

. App . l i ca t i on  o f  t h e  above t o  a conceptual  des ign  o f  a t r ea tmen t  system 
tt1a.1; i n c l uded  t h e  ANFLOW process and t h a t  would be expected t o  
p rov ide  an acceptable e f f l u e n t .  

. An economic comparison between t h e  system u s i n g  ANFLOW and another  
conceptual  system based on t h e  a c t i v a t e d  s ludge process. 

. P r e l i m i n a r y  i n v e s t i g a t i o n  o f  market p o t e n t i a l .  

A summary o f  t h e  AWARE r e p o r t ' s  f i n d i n g s  rega rd ing  advantages and disadvan- 
tages i s  p rov ided  i n  Table 1. Some o f  t h e  disadvantages l i s t e d  a re  conceptual  
only: For  example, s u s c e p t i b i l i t y  to ,  and recovery  from, upset  may be 
min imized by t h e  f i x e d  f i l m  system. Outer l a y e r s  o f  these  f i l m s  may s u f f e r  
f r om upsets,  l e a v i n g  l o w e r  f i l m  l a y e r s  (and system performance) l e s s  a f f ec ted .  
Also, odor p o t e n t i a l  can be lessened by a system des ign  t h a t  keeps t h e  . '  

anaerobic f l u i d  i n  c l osed  u n i t s  u n t i l  i t  i s  aerated. 
I 

I n  r e l a t i o n  t o  t h e  p resen t  JBF e v a l u a t i o n  o f  t h e  ANFLOW process, t h e  AWARE 
r e p o r t  has p rov ided  background i n f o r m a t i o n  t h a t  has been used as a s t a r t i n g  
p o i n t  f o r  severa l  o f  t h e  analyses i nc l uded  here in .  The AWARE r e p o r t  p rov ided  
i n f o r m a t i o n  on.ANFLOW me.thane p roduc t ion ,  system design, and o v e r a l l  o p e r a t i n g  
c h a r a c t e r i s t i c s .  It a l s o  p rov ided  some b a s i c  i n f o r m a t i o n  that.  was u s e f u l  i n  
t h e  deve'lopment o f  our  economi'c and energy arialyses. The a v a i l a b i l i t y  o f  more 
r e c e n t  da ta  on these  f a c t o r s  l e d  t o  updated c o s t  and energy es t imates  i n  t h e  
l a t e r  sec t i ons  of t h i s  r e p o r t .  I n  a d d i t i o n ,  c r i t i c a l  r ev i ew  o f  t h e  a v a i l a b l e  
d a t a  by JBF l e d  t o  es t ima tes  o f  Pr'ocess performance t h a t  we cons ider  more 
r e a l i s t i c  t han  those  p r e v i o u s l y  a v a i l a b l e .  



Table 1. Advantages and ~ i s a d v a c a ~ e s  o f  t h e  ANFLOW System Compared 
t o  Aerobic  Systems, as De l inea ted  i n  t h e  AWARt Report  

ADVANTAGES DISADVANTAGES 

1. Energy-conservat ive r e l a t i v e  1. S u s c e p t i b i l i t y  t o  upset  f a c t o r s ;  
t o  aera ted  systems. e.g., ammonia, heavy metals,  

ca t i ons ,  shock loadings,  ptl, 
2 .  Of fqas  recovery  and use can temperature v a r i a t i o n s ,  some 

p r o v i d e  . fue l  savings. C I ~ ~ ~ ~ I I  ~ C S ,  8nel cyanide, 

3. No need f o r  p r i m a r y  c l a r i f i -  
' c a t i o n .  
- - -  - . +  - - , -  . 

4.  Low s ludge product  \UII 5" s ludge 
hand l i ng  f a c i l i t i e s  and r e l a t e d  
energy use a r e  minimized. 

5. S i m p l i c i t y  r e l a t i v e  t o  aerob ic  
t echno log ies  because n e i t h e r  
s ludge no r  e f f l u e n t  must be 
r e c y c l e d  t o  t h e  r e a c t o r .  

2. I s  l e s s  responsive and r e q u i r e s  
more t i m e  t o  recover  f rom upset,  

-- s p i l l s ,  etc. ,  because o f  s low 
- 'dr~ii~lr'wJ-'f s bacte~-- i  2 .  growth ~ h a r - . -  
a c t e r i s t i c s .  

3. More odor  p o t e n t i a l .  

4. I nhe ren t  s o l i d s  c l ogg ing  - f o u l -  
i n g  p o t e n t i a l  as a r e s u l t  of 
up f low f i l t r a t i o n .  

6. Requi res l e s s  l and  area than  5. H igh e f f l u e n t  ammonia concentra- 
t i o n s  expected. most conven t iona l  systems. 

Source: Reference 1 

6. INFORMATION GAPS 

Severa l  unknowns t h a t  can o n l y  be reso l ved  by f u r t h e r  research  ~ r ~ d  development 
impede c o n t i d e n t  assess111tt1115 o f  ANFLOW'S f u l l - s c a l e  p o t e n t i a l i  Snme o f  these 
unknowns a re  l i s t e d  below: 

. Energy consumption and c o s t  es t imates  a re  based on h y p o t h e t i c a l  
scale-ups o f  a 5,000 gpd p i l o t  p l a n t .  P e r i o d i c  reassessment w i l l  be 
r e q u i r e d  as l a r g e r  ANFLOW u n i t s  a re  b u i l t  and demonstrated. 

. . There i s  l i t t l e  i n f o r m a t i o n  concern ing t h e  p o t e n t i a l  a p p l i c a t i o n s  of 
t h e  ANFLOW process i n  i n d u s t r y .  For  example, i n f o r m a t i o n  i s  needed 
t o  determine what i n d u s t r i e s  may use ANFLOW and save energy and money 

. i n  t h e  process, and t o  determine what types o f  des ign  m o d i f i c a t i o n s  
would be necessary t o  adapt ANFLOW t o  t h e  t rea tment  o f  d i f f e r e n t  
i n d u s t r i a l  e f f l u e n t s .  



. More i n f o r m a t i o n  i s  needed on e f f l u e n t  q u a l i t y  f rom ANFLOW and t h e  
a b i l i t y  o f  t h e  process t o  meet e f f l u e n t  s tandards under va r i ous  
r e g u l a t o r y  and env i ronmenta l  c i rcumstances. Such i n f o r m a t i o n  would 
be u s e f u l  f o r  de te rm in ing  more f i rmly  t h e  app rop r i a te  upstream and 
downstream processes i n  a  wastewater t rea tment  p l a n t  based on t h e  
ANFLOW process. 

. ANFLOW o p e r a t i n g  da ta  under va ry i ng  c l i m a t i c  c o n d i t i o n s  a re  needed t o  
assess t h e  a p p l i c a b i l i t y  o f  ANFLOW i n  d i f f e r e n t  r eg ions  o f  t h e  U.S. 

. Sludge p roduc t i on  rates,, w h i l e  c e r t a i n l y  lower  than  those  o f  
conven t iona l  processes, a re  n o t  w e l l  de f ined .  

C. ENVIRONMENTAL FACTORS AND SYSTEM DESIGN 

Dec is ions  about wastewater t rea tment  methods a r e  q e n e r a l l * ~  made by cons ide r i ng  
t h e  l e a s t  c u s t l y  way t o  meet e f f l u e n t  requirements.  Those requi rements 
u s u a l l y  s p e c i f y  secondary t rea tment  t o  meet n a t i o n a l  e f f l u e n t  s tandards on BOD 
and suspended s o l i d s .  Standards f o r  p u b l i c l y  owned t rea tment  works (POTW) are,: 

BOD5 - 30 mgla (30-day avg.), 45 m g / i  (7-day avg.) 

. TSS - 30 mgla (30-day avg. ), 45 mgla (7-day avg. ) 

. Minimum 85.percen.t  removal f o r  both.  Therefore,  i f  i n f l u e n t  
< 200 mgla, e f f l u e n t  must be < .30 mgla (e.g. 100 in ,  15 o u t )  

I n  l o c a t i o n s  t h a t  a re  l lwa te r -qua l i t y  l i m i t e d " ,  requi rements f o r  s p e c i f i c  
t rea tment  p l a n t s  may s p e c i f y  advanced t rea tment  because a  secondary e f f l u e n t  
would degrade r e c e i v i n g  waters.  Conversely, e f f l u e n t s  t h a t  .do n o t  meet 
secondary t rea tment  s tandards may be p e r m i t t e d  i n  some cases (e'.g. smal l  
systems and those  w i t h  mar ine o u t f a l l s ) .  

The i ssue  o f  r e l axed  s tandards f o r  some e f f 1 u e n t s . i ~  p a r t i c u l a r l y  germane t o  
t h e  assessment o f  t h e  ANFLOW p r o c e s s  because, as l a t e r  d iscuss ions  w i l l  show, 
t h e  e f f l u e n t  o f t e n  does n o t  meet secondary s tandards w i t h o u t  f u r t h e r  t r e a t -  
ment. Under Sec t i on  301(h) o f  t h e  Clean Water -Act ,  ,EPA can mod i fy  ( r e l a x )  
secondary t rea tment  s tandards f o r  d i scha rge rs  who can demonstrate t h a t  
r e c e i v i n g  waters  would n o t  be *adverse ly  a f f e c t e d  by a  d ischarge  n o t  meet ing 
t h e  n a t i o n a l  s tandards. .  The most common t ype  o f  d ischarge  t h a t  has been 
suggested f o r  301(h) m o d i f i c a t i o n  i s  t h e  mar ine o u t f a l l ,  and EPA i s  e v a l u a t i n g  
many a p p l i c a t i o n s  f o r  m o d i f i c a t i o n  f rom c o a s t a l  c i t i e s .  

Th i s  assessment o f  ANFLOW process p o t e n t i a l ,  t h e r e f o r e ,  must cons ide r  t h e  
p rocess ' s  l i k e l i h o o d  o f  meet ing a l t e r n a t e  d ischarge  requirements.  The . o v e r a l l  
ques t i on  i s  addressed i n  severa l  p a r t s ,  i n c l u d i n g :  

. Removal e f f i c i e n c y  o f  ANFLOW as a  u n i t  process; 

. C h a r a c t e r i s t i c s  o f  ANFLOW e f f l u e n t s  t h a t  may d i f f e r  f rom convent iona l  
system e f f l u e n t s ;  

. P o t e n t i a l  process t r a i n s  t h a t  inc l 'ude ANFLOW, w i t h  t h e i r  o v e r a l l  
removal e f f i c i e n c i e s .  



1. ANFLOW Process Performance 

The ma jo r  source o f  o p e r a t i n g  da ta  and o f  eva lua t i ons  o f  ANFLOW performance i s  
t h e  AWARE r e p o r t  (1). I n  a d d i t i o n ,  ORNL i n v e s t i g a t o r s  have p rov ided  some 
d a t a  on process behav io r  as a f f e c t e d  by abnormal o r  t r a n s i e n t  i n f l u e n t  
c h a r a c t e r i s t i c s .  

a. BOD Removal 

Data on BOD removals a re  a v a i l a b l e  f rom ORNL i n  f o u r  p r i n c i p a l  forms:  

. R a w  da ta  i n  Appendix A  of t h e  AWARE r e p o r t .  

. Averaged summary da ta  i n  t h e  !~nrl;y nf t h e  AWARE r e p o r t  and i n  papers 
prepared by O R N L ( ~ ) .  

. ORNL progress  r e p o r t s  made a v a i l a b l e  f o r  t h i s  study. 

Previously 1.1nplrhlished data made a v a i l a b l e  f o r  t h i s  study. 

BOD removals i n  t h e  p i l o t  p l a n t  ANFLOW system were between 40 perce l l1  dIid GO 
pe rcen t  d u r i n g  1977 and 1978. E f f l u e n t  l e v e l s  d u r i n g  t h i s  p e r i o d  were i n  t h e  
32 t o  97 mg/ BOD range w i t h  an average o f  62. 

One impo r tan t  f a c t o r  i n  assess ing t h e  BOD .removal c h a r a c t e r i s t i c s  o f  t h e  
ANFLOW process i s  t h e  f r a c t i o n  of e f f l u e n t  BOD t h a t  i s  so lub le .  The balance 
i n  t h e  e f f q u e n t  between s o l u b l e  and i n s o l u b l e  BOD a f f e c t s  two impor tan t  
judgments: 

. ' I n t e r p r e t i n g  t h e  removal rnect~anism ( p h y s i c a l  o r  b iochemica l )  'and, 

. S e l e c t i n g  approaches t o  upgrade t h e  e f f l u e n t .  

Tn most cases, upgrading o f  t h e  e f f l u e n t  w i  11 be necessary t o  b r l n g  BOD t o  
w i t h i n  acceptable d ischarge  l i m i t s .  l t  t h e  60D.rerna i r ~ i l s g  t o  be removcd i s  
c h i e f l y  so lub le ,  then  p h y s i c a l  removal processes such as sed imenta t ion  o r  sand 
f i l t r a t i o n  should have l i t t l e  e f f ec t i veness .  An o x i d a t i v e  o r  adso rp t i ve  
process would t h e n  be i nd i ca ted .  I t  may be p o s s i b l e  t o  ach ieve o x i d a t i o n  by 
des ign ing  a  sand f i l t e r  t o  suppor t  aerob ic  m i c r o b i a l  a c t l v l l y ,  b u t  such a 
process remains t o  be proven a t  f u l l  scale,. Some p i l o t  s c a l e  i n f o r m a t i o n  
shows promi se(3) .  

D e t a i l e d  sampl ing and analyses were perfort i led by ORNL d u r i n g  a  three-week 
p e r i o d  i n  1978 t o  assess t h e  behav io r  o f  t h e  s o l u b l e  an'd p a r t i c u l a t e  p o r t i o n s  
o f  BOD i n  t h e  ANFLOW p i l o t  p l a n t .  

A  summary o f  t h e  r e s u l t a n t  da ta  i s  shown i n  Table 2. 

Based on these data,  t h e  AWARE r e p o r t  concluded t h a t  no s o l u b l e  BOD removal 
was achieved by t h e  ANFLOW p i l o t  p l a n t .  The'AWARE r e p o r t  acknowledged t h e  
p o s s i b i l i t y  t h a t  i n f l u e n t  s o l u b l e  BOD was be ing  removed, b u t  c o i n c . i d e n t a l l y  
r ep laced  by  BOD caused by m i c r o b i a l  degrada t ion  p roduc ts  and me tabo l i t es .  By 
obse rv i ng  d a i l y  p a t t e r n s  o f  i n f l u e n t  and e f f l u e n t  s o l u b l e  BOD, however, t h e  



Table 2. SUMMARY OF PILOT PLANT DATA FOR 
JULY 24 - AUGUST 11, 1978 

INFLUENT (mgl a) EFFLUENT (mgl Percent  
Mean Std. Dev. Mean Std.  Dev. Removal 

BOD, T o t a l  142 5  1 
So lub le  2 2  11 

TOC, T o t a l  140 100 ' 
So lub le  15 8  

AWARE i n v e s t i g a t o r s  no ted  t h a t  p a r a l l e l  f l u c t u ~ t i o n s  occurred.  T h i s  p a t t e r n  
was c i t e d  as ev idence t h a t  t h e  e f f l u e n t  s o l u b l e  BOD was u n a l t e r e d  f r om t h e  
i n f l u e n t  s o l u b l e  BOD. 

As a  f u r t h e r  check on t h e  ANFLOW system's  a b i l i t y  t o  remove s o l u b l e  o rgan ics ,  
ORNL sp iked  t h e  p i l o t  p l a n t  i n f l u e n t  w i t h  s o l u b l e  o rgan i c  carbon on a  few days 
i n  t h e  f a l l  o f  1978. The r e s u l t s ,  t o g e t h e r  w i t h  r e s u l t s  f r om  days i n  t h e  same 
p e r i o d  when no s p i k i n g  was done, a re  shown f o r  TOC i n  Table  3. (BOD was n o t  
measured, b u t  n o t e  t h e  c l o s e  correspondence between BOD and TOC as shown i n  
Table  2.) These da ta  show an average s o l u b l e  TOC removal o f  36 pe rcen t  w i t h  
supplemental  s o l u b l e  carbon ( range 9  - 67 pe rcen t ) ,  and 22 percen t  f o r  
u n a l t e r e d  raw sewage ( range 0  - 94 pe rcen t ) .  The s c a t t e r  i n  these  d a t a  show 
t h e  obv ious  need For. more d e f i n i t i v e  t e s t l n g ,  b u t  a  t e n t a t i v e  i n f e r e n c e  can be 
made t h a t  some removal o f  s o l u b l e  BOD occurred.  

These d a t a  s e t s  on s o l u b l e  BOD removal have been analyzed f o r  t h i s  r e p o r t .  
Removal o f  s o l u b l e  BOD appears n o t  t o  be r e l a t e d  (based on t h e  d a t a )  t o  
h y d r a u l i c  l o a d i n g  r a t e  o r  temperature.  Some ev idence suggests t h a t ,  when 
i n f l u e n t  s o l u b l e  BOD i s  low (<  25 mgla, approx imate ly ) ,  removal o f  s o l u b l e  BOD 
i s  poor.  T h i s  ev idence i s  no€ s t rong ,  however, and f u r t h e r  t e s t i n g  i s  
i n d i c a t e d .  

Regardless o f  i n f l u e n t  l e v e l s  and removal e f f i c i e n c y ,  e f f l u e n t  s o l u b l e  BOD 
appears c o n s i s t e n t l y  h i g h e r  than  15 mgla. T h i s  f a c t  i s  a p p l i e d  l a t e r  i n  t h i s  
r e p o r t  i n  t h e  d i s c u s s i o n  o f  p o l i s h i n g  techniques.  

I b. Suspended Sol id 's  Removal 

Dur ing  1977 and 1978, w h i l e  t h e  ANFLOW p i l o t  p l a n t  was be ing  operated a t  
des ign  l o a d i n g  r a t e s  ( l e s s  than  5000 gpd), suspended s o l i d s  removal r a t e s  were 
f a i r l y  c o n s i s t e n t ,  r ang ing  f r om 64 pe rcen t  t o  83 percen t .  E f f l u e n t  va lues  o f  
t o t a l  suspended s o l i d s ,  based on averages d e r i v e d  approx imate ly  on a  month ly  
bas is ,  ranged from 16 t o  63 mgla, w i t h  a  long-term average o f  29 mgla. 

Data f r om  p i l o t  p l a n t  o p e r a t i o n  have been i n t e r p r e t e d  by Genung, -- e t  a1.(2) 
t o  i n d i c a t e  t h e  need t o  f l u s h  accumulated s o l i d s  f r om  t h e  r e a c t o r .  Otherwise, 
t h e  a b i l i t y  t o  remove suspended s o l i d s  d e t e r i o r a t e s  ove r  t ime.  



Table- 3. So lub le  TOC Remova.1 by ANFLOW P i l o t  P l a n t  

Feed Rate So lub le  TOC i n  Feed So lub le  TOC i n  E f f l u e n t  Percent  
(gpd ( P P ~ )  ( P P ~ )  Removal 

asupplementary s o l u b l e  carbon added t o  feed stream. 

c. Other Parameters 

I n  a d d i t i o n  t o  t h e  parameters d iscussed above, d e t a i l e d  da ta  a re  a v a i l a b l e  f o r  
v o l a t i l e  suspended s o l i d s ,  pH, and temperature.  No i n f o r m a t i o n  1s a v a i l a b l e  
on t h e  f a t e  of me ta l s  i n  ANFLOW reac to r s .  Another impo r tan t  ques t i on  i s  t h e  
f a t e  o f  n i t r o g e n  forms. 

( 1 )  Meta ls .  Hedvy ~ ~ l e t a l s  such as lead, cadmium, and copper 
usua l  l y  a r e  removed f rom mun i c i pa l  wastewaters v i a  t h e  sTudge i n  aerob ic  
b i o l o g i c a l  t rea tment  p l a n t s .  Because ANFLOW r e a c t o r s  y i e l d  so l i t t l e  sludge, 
t h e  f a t e  o f  meta ls  i n  these  r e a c t o r s  may be of concern. Meta ls  may become 
accumulated i n  t h e  m i c r o b i a l  f i l m s ,  o r  t h e  d i g e s t i o n  processes occu r i ng  i n  t h e  
column may re l ease  meta ls  i n t o  t h e  e f f l u e n t .  S i m i l a r  ques t ions  can be r a i s e d  
about t o x i c  organics.  Shor t - term t e s t s  w i t h  bench-scale r e a c t o r s  a t  ORNL 
showed promis ing  r e s u l t s  f o r  removal of Pb, Cu, N i ,  and C r ,  b u t  long-term f a t e  
remains unce r ta i n .  



( 2 )  N i t r o g e n  Forms. I n  an aerob ic  b i o l o g i c a l  system, ammonia- 
n i t r o g e n  i s  o x i d i z e d  t o  n i t r a t e  i f  temperatures and res i dence  t imes  i n  t h e  
r e a c t o r  a re  proper .  I n  an anaerob ic  system such as ANFLOW, t h i s  r e a c t i o n  
(known as n i t r i f i c a t i o n )  w i  11 n o t  occur.  Unacceptable l e v e l s  o f  ammonia1 
ammonium may t h e r e f o r e  appear i n  ANFLOW e f f l u e n t s .  Ammonia-nitrogen i s  t o x i c  
t o  a q u a t i c  organisms and e x e r t s  BOD; t h i s  BOD i s  o f t e n  n o t  de tec ted  i n  a  5-day 
BOD t e s t  because t h e  convers ion  o f  ammonia t o  n i t r a t e  u s u a l l y  t akes  l onge r  
t han  5  days. More d a t a  on n i t r o g e n  forms a re  needed t o  assess t h i s  p o t e n t i a l  
problem, and t o  p r o v i d e  a  des ign  b a s i s  f o r  n i t r i f i c a t i o n  o r  o t h e r  processes t o  
c o n t r o l  e f f l u e n t  n i t r o g e n  forms. 

i d. Process S t a b i l i t y  

A l i m i t e d  amount o f  i n f o r m a t i o n  i s  a v a i l a b l e  r ega rd i ng  t h e  ANFLOW p rocess ' s  
behav io r  d u r i n g  ep isodes o f  shock load ing ,  and t h i s  i n f o r m a t i o n  was f u r n i s h e d  
t o  JBF by ORNL. 

I 1  Hiah Meta l  C o n t e n t I ~ H  F l u c t u a t i o n s .  Two i n c i d e n t s .  
p robab l y  caused by pl ;ti ng waste d i  sch$rges t o  t h e  wastewater c o l  l e c t  i o n  
system, were observed d u r i n q  p i l o t  p l a n t  t e s t i n g .  On March 4-5, 1977, 
i n f l u e n t  pH reached 12.7 f o r  a b r i e f  p e r i o d  ( l e s s  t han  one hour ) ,  f o l l o w e d  by 
approx imate ly  12 hours o f  pH va lues i n  t h e  8.5-9.0 range. I n f l u e n t  pH before 
and a f t e r  t h i s  a b e r r a t i o n  was approx imate ly  8.0. No e f f e c t  on t h e  e f f l u e n t  
(pH 7) was observed. Composite samples o f  t h e  p i l o t  p l a n t  f eed  taken  d u r i n g  
t h i s  p e r i o d  were analyzed a t  83 mgla n i c k e l  and 85 mgln cyanide.  

On October 28-29, 1977 a  shock l oad  o f  a c i d i t y  en te red  t h e  p i l o t  p l a n t .  Feed 
va lues between pH 2  and 3 p e r s i s t e d  f o r  more than  6 hours. E f f l u e n t  pH 
Jt-upped f r om 6.7 t o  5.6 be fo re  r ecove r i ng .  E f f e c t s  on gas p r o d u c t i o n  of these 
even ts  a re  d i f f i c u l t  t o  i n t e r p r e t  from t h e  a v a i l a b l e  data.  

These r e s u l t s  show promise f o r  process s t a b i l i t y  b u t  ex tens i ve  exper ience  i s  
r e q u i r e d  t o  c o n f i r m  t h a t  promise. 

( 2 )  Organic Shock Loading. Many communit ies where f ood  
process inq,  o rqan i c  chemical ,  o r  o t h e r  i n d u s t r i e s  d ischarge  wastewaters h i g h  
i n  o r g a n i c - c o n t e n t  t o  mun i c i pa l  sewers f a c e  p e r i o d i c  shock loads  o f  oxygen- 
demanding substances. Because these  shock loads o f t e n  a re  p o o r l y  t r e a t e d  by 
conven t i ona l  systems, t h e  response o f  t h e  ANFLOW process t o  o rgan i c  shock 
loads  i s  o f  i n t e r e s t .  Data a re  n o t  a v a i l a b l e  t o  assess t h i s  question,' 
however. (Du r i ng  t h e  F a l l  of 1978, supplementary s o l i d s  were added t o  t h e  
p i l o t  p l a n t  feed, b u t  these  were d i ges ted  s o l i d s  i n i t i a l l y  c o l l e c t e d  f r om a  
d r a i n i n g  o f  t h e  ANFLOW u n i t  and p robab l y  were m o s t l y  n o n v o l a t i l e ,  i .e. ,  low i n  
c o n t r i b u t i o n  t o  BOD). 

~ e. S o l i d s  P roduc t i on  

I n  response t o  a  ques t i on  on t h i s  sub jec t ,  ORNL has p rov i ded  i n  a  l e t t e r  t o  
JBF (November 14, 1979) a  conc ise  d iscuss ion ,  which i s ' r e p e a t e d  i n  p a r t  here:  

"A  comprehensive ariswer t o  t h i s  ques t i on  w i l l  n o t  b e ' a v a i l a b l e  u n t i l  t h e  
50,000 gpd p i l o t  p l a n t  i s  opera ted  w i t h  t h e  o n - l i n e  p re t r ea tmen t  and 

, p o l i s h i n g  s teps  which w i l l  be assoc ia ted  w i t h  t h e  ANFLOW column. Sludge 



produc t . ion  r a t e s  f o r  t h e  d i f f e r e n t  u n i t  o p e r a t i o n s  w i l l  t hen  be eva luated,  
and t h e  r a t e  determined f o r  t h e  ANFLOW column w i l l  depend on t h e  o p e r a t i o n  
o f  t h e  p re t r ea tmen t  and p o l i s h i n g  s teps  under c o n d i t i o n s  found op t ima l  f o r  
t h e  t o t a l  t r ea tmen t  system. 

"Dur ing  t h e  5000 gpd p i l o t  p l a n t  p r o j e c t ,  approx imate ly  2.1 m i l l i o n  g a l l o n s  
o f  wastewater passed t h rough  t h e  ANFLOW column f o r  t rea tment .  A f t e r  22 
months o f  ope ra t i on ,  approx imate ly  800 pounds o f  "s ludge"  were removed. It 
c o u l d  be s ta ted ,  then, t h a t  t h e  s ludge p r o d u c t i o n  r a t e  was approx imate ly  
380 pounds o f  s ludge f o r  each m i l l i o n  g a l l o n s  o f  wastewater t r e a t e d .  T h i s  
would, however, i n c l u d e  some m a t e r i a l s  which would o r d i n a r i l y  be removed by 
p re t r ea tmen t  ope ra t i ons .  I t  would a l s o  n o t  i n c l u d e  some m a t e r i a l s  which 
would o r d i n a r i l y  be removed (and t h e r e f o r e  c o n t r i b u t e  t o  o v e r a l l  s ludge 
p r o d u c t i o n  r a t e s )  by downstream p o l i s h i n g  steps. The s ludge p r o d u c t i o n  
r a t e  would a l s o  depend on t h e  f requency  o f  backwashing t h e  ANFLOW column 
( s i n c e  t h e  e f f i c i e n c y  o f  long- term d i g e s t i o n  processes would be a l t e r e d )  
and t h e  e x t e n t  t o  which f i x e d - f i l m s  were reduced i n  volume by t h e  back- 
washing processes." 

Sludge p r o d u c t i o n  r a t e s  f r om  conven t i ona l  systems t h a t  i n c l u d e  p r ima ry  s e t t l i n g  
and a c t i v a t e d  s ludge o r  t r i c k l i n g  f i l t e r  processes a re  u s u a l l y  about 2000 
pounds o f  s ludge s o l i d s  p e r  m i l l i o n  g a l l o n s  o f  domest ic wastewater t r e a t e d .  

f. Summary: Process Performance 

As a b a s i s  f o r  concep tua l  des ign  o f  systems t o  meet e f f l u e n t  standards,  Table  4 
has been prepared.. 

2. Conceptual Designs 

To p r o v i d e  a b a s i s  f o r  c o s t  and energy es t ima tes  and comparisons, f l o w  sheets  
f o r  t r ea tmen t  systems based on ANFLOW and on aerob ic  processes have been 
developed. 

I n  genera l ,  these f l o w  sheets  a re  s i m i l a r  t o  those  t o r  HNFLOW q ~ d  d c t i v a t e d  
s ludge  i n  t h e  AWARE r e p o r t .  Some impor tan t  d i f f e r e n c e s l a d d i t i o n s  used here  a re :  

, A f l o w  sheet based on t h e  t r i c k l i n g  f i l t e r  process i s  p rov i ded  here. 

. A system based on ANFLOW w i t h  no e f f l u e n t  p o l i s h i n g  i s  cons idered  w i t h  
a  view toward s e c t i o n  301(h)  s tandards r e l a x a t i o n .  

The p r i n c i p a l  assumptions behind t h e  f l o w  s t~ t t e t s  are  l i s t c d  i n  Table  5, and t.he 
f l o w  sheets  themselves a re  shown i n  F i gu res  2  and 3. The assumption t h a t  
ANFLOW w i t h  e f f l u e n t  f i l t r a t i o n  can meet an e f f l u e n t  BOD standard o f  15 mgla 
seems o p t i m i s t i c  because o f  t h e  s o l u b l e  BOD i n  ANFLOW e f f l u e n t s .  Some b i o -  
o x i d a t i o n  i n  t h e  f i l t r a t i o n  system i s  necessary. I f  a c t i v a t e d  carbon were 
requ i r ed ,  ANFLOW1s c o s t  and energy p o s i t i o n  a t  s i t e s  w i t h  s t r i n g e n t  e f f l u e n t  
requ i rements  would be s e v e r e l y  downgraded. 

T h i s  d i s c u s s i o n  o f  env i ronmenta l  f a c t o r s  and system des igns  p rov i des  t h e  b a s i s  
f o r  address ing t h e  energy and c o s t  i ssues  i n  t h i s  study. 



Percent  
Removal 

Tab le  4. Summary o f  ANFLOW performance, Based on 
P i l o t  P l a n t  i n  Oak Ridge, TN. 

BOD5 Suspended S o l i d s  

Me ta l s  
Secondary 'Secondary and 
Treatment Treatment Other  

ANFLOW Standards ANFLOW Standards Tox i cs  Ammon i a 

Average 
E f  f 1 uen t  
Leve l s  (mgla) 62 

40-68 - >85 64-83 - >85 Removals 
~ ~ n k n n w n  ; 
Standards 
l a c k i n g  

t 3 0  - < 30 - due t o  
emphasi s 
on indus-  
t r i a l  
p r e t r e a t -  
ment. 

Table  5. Treatment Systems Assumed t o  Meet 
Var ious  Performance Requirements 

Removals unknown 
bu t  ANFLOW prob  

NH31NH4 +. 
No n a t i o n a l  
s tandards b u t  
some water -  
qua1 i t y  1 i m i  t e d  
s i t e s  have l o c a l  
r e s t r i c t i o n s .  

I n f l u e n t  E f f l u e n t  E f f l u e n t  Upgrading Step 
~ u a l  i ty* Qua1 i ty* Needed f o r  System 
BOD / SS A c t i v a t e d  T r i c k 1  i n g  

Sludge F i l t e r  ANFLOW 

300 / 300 30130 - 

1 00 / 1'00 15/15 F i  1 t e r  

60 / 40 300 / 300 - 

- 

F i  1 t e r  

F i  1 t e r  

F i  1 t e r  

- 

* A l l  va lues  i n  m g l a  
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D. ENERGY FACTORS 

I n  t h i s  sec t ion ,  t h e  consumption o f  energy by ANFLOW systems i s  compared w i t h  
t h a t  o f  conven t iona l  wastewater t rea tment  systems. The energy y i e l d  f rom 
methane t h a t  may be recovered i n  ANFLOW systems i s  a l s o  considered. 

1. Mun i c i pa l  Wastewaters 

a. Enersyy Consumption 

T h i s  d i scuss ion  o f  energy consumption ignores  f o r  t h e  p resen t  t h e  gene ra t i on  
and use o f  methane w i t h i n  t h e  t rea tment  p l a n t .  Methane gene ra t i on  by ANFLOW 
and o t h e r  systems i s  cons idered  l a t e r  i n  t h i s  sec ion  on energy, f o l l o w e d  by 
summary comparisons among t h e  var\ ious o p t i v r ~ s  f o r  wastewater t rea tment .  

Energy requi rements f o r  o p e r a t i o n  o f  t h e  ANFLOW process a re  compared t o  those 
o f  o t h e r  t ypes  o f  mun i c i pa l  wastewater t rea tment  systems. The t rea tment  
systems t o  be cons idered  i n  t h e  a n a l y s i s  i n c l u d e  convent iona l  a c t i v a t e d  s ludge 
and h i g h  r a t e  t r i c k l i n g  f i l t e r .  

The energy requi rements were developed f rom in fur3mat ion on.each u n i t  process 
o f  each t rea tment  system based on va r i ous  l i t e r a t u r e  sources. The systems, as, 
cons idered,  have been assembled t o  meet r ough l y  e q u i v a l e n t  e f f l u e n t  charac te r -  
i s t i c s .  

The f o l l o w i n g  u n i t  processes have been cons idered i n  t h e  a n a l y s i s :  

. P r e l i m i n a r y  t reatment ,  i n c l u d i n g  screening, comminution and g r i t  
removal, r e q u i r e d  t o  some degree f o r  a l l  t r ea tmen t  systems. 

. Pr imary sedimentat ion,  r e q u i r e d  f o r  a l l  systems except  ANFLOW. 

. B i o l o g i c a l  process - most r e q u i r e  cons iderab le  energy, m a i n l y  f o r  
pumping and ae ra t i on .  However, t h e  energy requi rements f o r  ANFLOW 
and t r i c k l i n g  f i l t e r s  a r e  low I n  thak  a e r a t i o n  i s  unnecessary. 

. Secondary sedimentat ion,  r e q u i r e d  i n , t h e  a c t i v a t e d  s ludge and 
t r i c k l i n q  f i l t e r  systems t o  s e t t l e  sludge. 

. D i s i n f e c t i o n  ( c h l o r i n a t i o n ) ,  r e q u i r e d  f o r  a l l  systems. 

. Sludge handl ing,  i n c l u d i n g  pumping, d i ges t i on ,  dewater ing, and 
d i sposa l  i n  a s a n i t a r y  l a n d f i l l ,  r e q u i r e d  f o r  a l l  s ludge p roduc ing  
processes ( a c t i v a t e d  sludge, t r i c k l i n g  f i l t e r ) .  As s t a t e d  above, 
methane gene ra t i on  and use a r e  n o t  cons idered u n t i l  l a t e r .  

. E f f l u e n t  p o l i s h i n g  techniques, i n c l u d i n g  g ranu la r  media f i l t r a t i o n  
and g r a n u l a r  a c t i v a t e d , c a r b o n  adsorp t ion ,  one o r  more of which may be 
necessary as an a d d i t i o n  t o  t h e  cand ida te  processes i n  o r d e r  t o  meet 
secondary e f f l u e n t  standards. 

A d e t a i l e d  rev iew o f  a v a i l a b l e  i n f o r m a t i o n  on energy consumption revea led  
cons ide rab le  v a r i a t i o n  among t h e  sources. D i f f e r e n c e s  i n  assumptions can 



sometimes e x p l a i n  t h i s  v a r i a t i o n .  For  example, pumping energy es t ima tes  
depend on t h e  assumed head. Other  sources. o f  v a r i a t i o n  i n c l u d e  v a r y i n g  
assumptions on BOD removal, and apparent e r r o r s .  Energy consumption da ta  as 
g i v e n  by va r i ous  sources were rev iewed and va lues were s e l e c t e d  by JBF as 
a p p r o p r i a t e  t o  t h e  needs o f  t h i s  study. One element o f  t h e  energy accoun t ing  
- ANFLOW s ludge hand l i ng  - was n o t  a v a i l a b l e  f r om  any source. Values were 
assumed based on t h e  approximate p r o p o r t i o n  o f  s ludge gene ra t i on  by ANFLOW 
r e l a t i v e  t o  aerob ic  processes. 

P l a n t  s i z e s  o f  0.1 and 1.0 mgd a re  assessed here.  La rger  p l a n t  s i z e s  have n o t  
been compared because t h e  emphasis a t  ORNL has been on f l o w s  up t o  1  mgd, and 
. t h e r e f o r e  most o f  t h e  a v a i l a b l e  i n f o r m a t i o n  on ANFLOW i s  a t  t h a t  f l o w  o r  
l ess .  Two f a c t o r s  have l e d  t o  t h i s  emphasis on smal l  p l a n t s :  

. Scale-up o f  p i l o t  p l a n t  exper ience  i s  v a l i d  o n l y  up t o  a  l i m i t e d  
p l a n t  s i ze .  H y d r a u l i c  i n v e s t i g a t i o n s  on l a r g e r  demons t ra t ion  p l a n t s  
a re  needed t o  p r o v i d e  a  b a s i s  f o r  des ign  o f  t h e  l a r g e  r e a c t o r s  needed 
above 1  mgd. 

. P r e l i m i n a r y  economic s t u d i e s  by AWARE show t h a t  t h e  c o s t s  o f  pack ing  
media ( w i t h  l i t t l e  o r  no economy o f  s c a l e )  make ANFLOW r e l a t i v e l y  
c o s t l y  a t  h i g h e r  f l ows ,  where conven t i ona l  systems e x h i b i t  s i g n i f i -  
c a n t  economies o f  sca le .  , 

Moreover, p resen t  t r e n d s  suggest more smal l ,  d e c e n t r a l i z e d  wastewater 
t r ea tmen t  f a c i l i t i e s  i n  t h e  f u t u r e .  

Energy requ i rements  ( i n  MWhrlyr) f o r  t h e  mun i c i pa l  wastewater t r ea tmen t  
a l t e r n a t i v e s  a t  p l a n t  c 3 p a c i t i e s  o f  0.1 and 1.0 m i l l i o n  g a l l o n s  p e r  day (MGD) 
a re  p resen ted  f o r  comparison i n  Tables 6 and 7  r e s p e c t i v e l y .  As shown. in  
these  t a b l e s ,  a t  bo th  p l a n t  des ign  f l o w  r a t e s  considered, t h e  ANFLOW process 
r e q u i r e s  much l e s s  energy t han  t r ea tmen t  systems based on t h e  a c t i v a t e d  sludge 
o r  h i g h  r a t e  t r i c k l i n g  f i l t e r  processes. T h i s  i s  a  consequence o f  ANFLOW's 
m in ima l  b i o l o g i c a l  process energy consumption and i t s  low s ludge p roduc t ion ,  
t h u s  e l i m i n a t i n g  t h e  need f o r  s i g n i f i c a n t  energy use i n  s ludge p rocess ing  and 
hand1 ing.  

The energy conse rva t i on  va lue  o f  ANFLOW-based systems i s  n o t  s e n s i t i v e  t o  t h e  
need f o r  f i l t r a t i o n  o f  t h e  e f f l u e n t .  G r a v i t y  f i l t r a t i o n  t h rough  sand o r  
m u l t i p l e  g r a n u l a r  media i s  n o t  an energy - in tens ive  process, as t h e  t o t a l s  w i t h  
and w i t h o u t  f i l t r a t i o n  i n  Tables 6 and 7  show. Therefore,  ANFLOW's compet i -  
t i v e n e s s  accord ing  t o  energy conse rva t i on  c r i t e r i a  i s  i n s e n s i t i v e  t o  t h e  
performance requi rements  shown i n  Table  5. -. 

I r 

b. Methane P roduc t i on  

( 1 )  Bas ic  I n f o rma t i on .  Organic waste m a t e r i a l  r e t a i n e d  i n  t h e  
ANFLOW column i s  b i o l o g i c a l l y  degraded t o  f o rm  va r i ous  end p roduc ts ;  and, 
under t h e  p rope r  c o n d i t i o n s ,  t h e  u l t i m a t e  end p roduc t s  would c o n s i s t  of a  
m i x t u r e  o f  methane and carbnn d i ox i de ,  p l u s  sma l le r  ismuur~ts o f  r i ' i trogen, 
hydrogen s u l f i d e ,  and mercaptans. Assuming an average v o l  umetr-ic gas 
composi ton o f  70 pe rcen t  methane and 30 percen t  carbon d i o x i d e ,  and t h e  f a c t  
t h a t  a  p o r t i o n  o f  t h e  TOC ( t o t a l  o rgan i c  carbon)  i n  ,the wastewater i s  u t i l i z e d  



U n i t  Process 

Table  6. Comparative Energy Requirements f o r  a 0.1-mgd 
Treatment System (MWhr/yr) 

P r e l i m i n a r y  Treatment 

Pump i ng 

Pr imary  Sedimentat ion 

B i o l o g i c a l  Process' 

Secondary Sedimentat ion 

C h l o r i n a t i o n  
I 

Sludge Handl ing*  

TOTAL w/o F i l t r a t i o n  

A c t i v a t e d  Sludge T r i c k l i n g  F i - i t e r  

TOTAL w i t h  E f f l u e n t  F i l t r a t i o n  '80 

- 
Source: JBF es t ima tes  based on da ta  i n  Refs. 1, 2, 4, 5, 6, 7. 

* Pumping, aerob ic  d i g e s t i o n ,  d r y i n g  beds, hau l  t o  ' l a n d f i l l  ( 5  111.i. one way) 



Table 7'. Comparative Energy Requirements f o r  a  1-mgd 
Treatment System (MWhrlyrI  

U n i t  Process A c t i v a t e d  Sludge T r i c k l i n g  F i l t e r  ANFLOW 

P r e l i m i n a r y  Treatment 

Pumping 

Pr imary Sedimentat ion 

B i o l o g i c a l  Process 

Secondary Sedimentat ion 

C h l o r i n a t i o n  

~l udge Hand1 i ng* 

TOTAL w/o F i  1  t r a t i o n  

TOTAL w i t h  E f f l u e n t  F i l t r a t i o n  

Source: JBF est i 'mates based on da ta  i n  Refs. 1, 2, 4, 5, 6, 7. 

* Pumping, aerob ic  d i g e s t i o n ,  d r y i n g  beds, haul  t o  l a n d f i l l  ( 5  mi.  one way) 



f o r  c e l l u l a r  syn thes is ,  t h e  t h e o r e t i c a l  methane y i e l d  f o r  t h e  ANFLOW process 
shou ld  be approx imate ly  18.5 cu. f t / l b  TOC removed. For  domest ic wastewater, 
t h e  same va lue  a p p l i e s  f o r  gas p r o d u c t i o n  on a  BOD removal bas is ,  because 
BOD5 and TOC are  u s u a l l y  s i m i l a r  i n  c o n c e n t r a t i o n  f o r  a  g i v e n  sample. 

AW'ARE I nc .  ( 1  ) has r e p o r t e d  on exper imenta l  s t u d i e s  o f  methane gas p r o d u c t i o n  
r a t e s  f r om  t h e  ANFLOW p i l o t  p l a n t .  The f i n d i n g s  o f  these  i n v e s t i g a t i o n s  i n c l u d e :  

. An inc rease  i n  gas p r o d u c t i o n  w i t h  i n c r e a s i n g  temperature was 
demonstrated. Du r i ng  t h e  c o l d e s t  weather o f  t h e  s tudy  p e r i o d  when 
temperature dropped t o  11-130C, t h e r e  was a  decrease i n  gas . .  

p roduc t i on .  It was a l s o  no ted  t h a t  t h e  methane y i e l d  ( a t  250C) was 
h i g h e r  when ANFLOW columns were h e l d  a t  cons tan t  than  
when t h e  temperature was va r i ed .  i 

. Inc rease  i n  gas p r o d u c t i o n  was shown t o  p a r a l l e l  an Ir~c.r,eused 1oadi.ng 
r a t e  t o  some degree. These r e s u l t s  were n o t  as c l e a r  as those  f o r  
t h e  temperature dependence. A v a i l a b l e  d a t a  do n o t  a l l o w  unambiguous 
sepa ra t i on  o f  t h e  e f f e c t s  o f  temperature and load ing .  

. Gas p r o d u c t i o n  and o r g a n i c  removal r a t e s  do n o t  n e c e s s a r i l y  c o r r e l a t e  
on an ins tan taneous  o r  even rnurlttl ly b a s i s ,  because o rgan i c  mat ter  
w i l l  t end  t o  accumulate i n  t h e  ANFLOW column d u r i n g  p e r i o d s  of s low 
decomposi t ion (e.g., d u r i n g  c o l d  weather)  and decompose a t  a  l a t e r  
t i m e  when f a v o r a b l e  c o n d i t i o n s  e x i s t .  Thus, gas p r o d u c t i o n  w i l l  be 
p r o p o r t i o n a l  t o  o r g a n i c  removal o n l y  under s teady-s ta te  c o n d i t i o n s .  

. The a c t u a l  amount o f  methane produced i n  t h e  ANFLOW p i l o t  p l a n t  
column amounted t o  33 pe rcen t  o f  t h e  t h e o r e t i c a l  va lue  under 
c o n d i t i o n s  o f  tempera tu re  v a r i a t i o n s .  A bench-scale column a t  
cons tan t  temperature y i e l d e d  approx imate ly  50 pe rcen t  o f  t h e  
t h e o r e t i c a l  methane volume. 

The p a r t i t i o n i n g  o f  methane between t h e  1  i q u i d  and gascous, phases' has 
impo r tan t  i m p l i c a t i o n s  r e l a t i n g  t o  i t s  r ecove ry  and use. The methane 
p r o d u c t i o n  va lues c i t e d  above rep resen t  t h e  surr~r~idtion o f  gnscous methane 
recovered  i n  t h e  r e a c t o r  headspace and t h e  d i s s o l v e d  methane i n  t h e  r e a c t o r ' s  
l i q u i d  e f f l u e n t .  

( 2 )  P r o j e c t i o n s  o f  ~ c t u a l  Y i e l d .  The AWARE r e p o r t  p resen ted  
expected computed y i e l d s  o f  methane i n  ANFLOW systems t r e a t i n g  domest ic 
wastewater.  Those va lues  a re  shown i n  Table  8.- The assumptions behind t h i s  
t a b l e  were n o t  comp le te l y  s ta ted ,  b u t  have been i n f e r r e d  f o r  t h i s  study. 

Table  8. O f fgas  and Power P r o j e c t i o n s  f r om t h e  AWARE Repor t  

Offgas ( c . f .  /day)  A v a i l a b l e  Power (hp)  
I n f  1  uen t  S t r e n g t h  f u r  Two P l a n t  S izes  f o r  Two P l a n t  Size's 

005 mgd, I m9d - 0 5  mgd I mgd 

100 mglf. BOD 469 9,580 3  60 

300 m g l ~  ROD 1,780 35,820 i i 225 

2  2 



To e x p l a i n  t h e  i n fe rences  made here, and t o  p u t  them i n t o  perspec t i ve ,  Table 9  
has been prepared. 

Table 9. Bas is  o f  I n f e r r e d  Assumptions Behind 
AWARE Of fgas P r o j e c t i o n s  

I m p l i e d  Rate o f  Maximum Ac tua l  Rate o f  
Of fgas  (c . f . /day)  Offgas Produc t ion  Of fgas Product ion*  

(See Table 8 )  (c.f.1106 g a l )  ( c . f .  1106 g a l )  
P i  l o t  P l an t  Bench Scale 

469 (weak I n f l u e n t )  9,380 

1,780 (S t rong  I n f l u e n t )  35,600 

9,580 (Weak I n f l u e n t )  9,580 

35,820 (S t rong  I n f l u e n t )  35,820 

*Values shown a re  t h e  h i g h e s t  month ly  averages computed f rom da ta  i n  t h e  AWARE 
r e p o r t  f r om s t r o n g  and weak wastewaters i n  t e s t  columns. 

A rev iew o f  Table 9 suggests t h a t  t h e  o f f g a s  da ta  f r om t h e  bench sca le  column 
were d i r e c t l y  a p p l i e d  t o  t h e  e s t i m a t i o n  o f  o f f g a s  p r o d u c t i o n  from weak 
wastewaters. T h i s  column was aperated a t  r e l a t i v e l y  cons tan t  room-temper- 
a tures,  r ece i ved  none o f  t h e  v a r i a b l e  feed  q u a l i t i e s  t h a t  t h e  p i l o t  p l a n t  
experienced, and t r e a t e d  s t r onge r  was.tewaters than  d i d  t h e  p i l o t  p l a n t .  
R e l a t i v e l y  low p i l o t  p l a n t  gas p roduc t i on  r a t e s  were asc r i bed  t o  gas leaks  i n  
t h e  column. The gas y i e l d s  p r o j e c t e d  by AWARE f o r  s t r onge r  i n f l u e n t  (300 
mg/a) a r e  3.7 t o  3.8 t imes  t h e  y i e l d s  f o r  100 mgla i n f l u e n t .  A b e t t e r  removal 
r a t e  f o r , o r g a n i c  carbon i s  t h e r e f o r e  i m p l i e d  f o r  s t r onge r  wastewater. To 
i n f e r  t h e  removals used by AWARE, computat ions have been performed u s i n g  o t h e r  
i n f o r m a t i o n  i n  t h e  AWARE r e p o r t .  

The da ta  shown i n  ou r  Tab le  8  are f rom AWARE'S Table 6-6. That t a b l e  c i t e d  an 
equat ion  used t o  compute power recovery :  

P = 0.98 Q A TOC 

Where: 
P  = power generated, hp 
Q = l i q u i d  f l o w r a t e ,  mgd 
A TOC = TOC removed, mg la  

Th i s  equa t ion  and t h e  power va lues i n  Table 8  have'been used t o  i n f e r  TOC 
removals, Resu l t s  i n d i c a t e  t h a t  75 percen t  removal was assumed by AWARE f o r  
300 mglg i n f l u e n t ,  and 61 percen t  removal f o r  100 mgla i n f l u e n t .  These 
removal r a t e s  appear q u i t e  o p t i m i s t i c  i n  view o f  t h e  p i l o t  p l a n t ' s  performance 
(34  percen t  t o  68 percen t  removal, average 52 p e r c e n t )  and t he  bench sca le  
column ' s  performance (30  t o  82 percen t  removal ; average 59 pe rcen t ) .  However, 



average performance may be p e s s i m i s t i c  because t h e  ORNL i n v e s t i g a t i o n  was \ 
i n t ended  as a  f e a s i b i l i t y  s t udy  r a t h e r  than  as an op t im i zed  commercial 
demonstrat ion.  

Opera t ing  d a t a  f r om t h e  ANFLOW P i l o t  P l a n t  a t  t h e  Oak Ridge Treatment P l a n t  
a r e  n o t  a p p l i c a b l e  t o  gas p r o d u c t i o n  es t imates  f o r  two reasons: 

. ORNL suspects t h a t  t h e  column was n o t  gas - t i gh t .  Therefore,  d i r e c t  
gas p roduc t i on  measurements a re  cons idered i naccu ra te .  Moreover, a  
r e l i a b l e  va lue  f o r  l b  TOC dest royed i s  n o t  a v a i l a b l e  because AWARE - 

I b  TOC removed 
es t imated  t h i s  va lue  based on gas p roduc t i on  data,  assuming no gas 
leaks.  

A  comparison can be made between t h e  AWARE p r o j e c t i o n s  and t h e  methane 
p r o d u c t i o n  found d u r i n g  anaerobic  up f l ow  experiments a t  C o r n e l l  U n i v e r s i t y .  
Us ing  an expanded bed f i x e d  f i l m  r e a c t o r  t o  t r e a t  a  g l u c o s e / n u t r i e n t  m j x tu re ,  
Switzenbaum and ~ e w e l l ( 8 )  produced 5.5 t o  7.5 s c f  methane p e r  pound o f  COD 
removed, The processes i n  t h e  Co rne l l  r e a c t o r s  should be s i m i l a r  t o  those  i n  
t h e  ANFLOW r e a c t o r s  because l oad ing  r a t e s  were s l r n i l a r  g r ~ d  .t;t~e -inoculurn was 
bov ine  ruminant  f l u i d .  For  glucose, t h e  CWWIIUC r a t l o  should be 2.66. 

Therefore,  a  comple te ly  independent da ta  s e t  f r om another  l a b o r a t o r y  a l l ows  
t h e  f o l l o w i n g  assumptions and computat ion f o r  methane y i e l d  f rom a  ldnyd  p l a n t :  

Assumptions (Based,on da ta  i n  r e fe rence  8 ) :  

. ' Percent  removal o f  TOC: 62 percen t  

. Percent  o f  removed TOC t h a t  i s  b iochemicaJ ly  conver ted  i n  t h e  
column: 82 percen t  

. Methane p r o d u c t i o n  p e r  TOC dest royed:  

6.5 scf CH4 . 2.66 l b  COD S C ~  CH4 
= '17.3 

l b  COD l b  TOC 1  b TOC 

. Wastewater i n f l u e n t  TOC: 
200 mg COD x  mg TOC - = 75.2' 

R 2.66mgCOD mgla 

Computation : 

1  b  
gm 

mg TOC e n t e r i n g  
II 

S.C.F. CHq 
l b  TOC 

gm 
mg 

g a l  
day 

9. 

g a l  
l b  TOC rerr~o;ed 
l b  TOC e n t e r i n g  

l b  TOC dest royed 
l b  TOC removed 



T h i s  va lue  should be somewhat o p t i m i s t i c  because i t  i s  based on t rea tment  of 
glucose. I n . a d d i t i o n ,  t h e  Co rne l l  da ta  represen t  s teady s ta te ,  cons tan t -  
temperature,  c o n t r o l l e d  cond i t i ons .  

Tabular  comparison o f  t h e  AWARE p r o j e c t i o n s  and t h e  two computed by JBF based 
on independent da ta  a re  p rov ided  i n  Table 10. 

Table 10. Comparison o f  Methane Y i e l d  P r o j e c t i o n s  

Source Bas is  

AWARE ~ e p o r t  ( 1  ) 0 f f g . a ~  from Bench Scale 
ANFLOW Reactor  (25%) a t  
70 pe rcen t  CHq. Based on 
t h e  average o f  t h r e e  da ta  
p o i n t s .  

Th i s  s tudy  Opera t ing  da ta  f rom 
Switzenbaum and Jewel l ( 8 )  
t r e a t i n g  g lucose a t  bench 
sca le .  

Methane Y i e l d  
(s .c . f .  p e r  day f o r  1  mgd 
p l a n t  w i t h  d i l u t e  i n f l u e n t  
of 75-100 mgla TOC) 

It i s  l i k e l y  t h a t  any system o p e r a t i n g  under r e a l i s t i c  f e e d  c o n d i t i o n s  would 
y i e l d  l e s s  methane t han  these  c o n t r o l l e d  l a b o r a t o r y  r eac to r s .  For  t h e  purpose 
o f  deve lop ing  approximate est imates,  however, t h e  va lue  o f  5,500 cu f t  methane 
p e r  day w i l l  be used f o r  a  1-mgd p l a n t  t r e a t i n g  d i l u t e  (100 mgla TOC) 
wastewater. 

Other p l a n t  s i z e s  a t  t h e  same i n f l u e n t  s t r e n g t h  w i l l  be sca led  l i n e a r l y  
accord ing  t o  f l o w  r a t e .  For  more concent ra ted  i n f l u e n t  (300 mgla TOC), t h e  
methane p r o d u c t i o n  w i l l  be sca led 'up  by t h e  f a c t o r  3.7 as i n  t h e  AWARE 
r e p o r t .  Evidence i n  t h e  AWARE r e p o r t  and i n  Switzenbaum and J e w e l l ( 8 )  
, i nd ica tes  b e t t e r  TOC removal and b e t t e r  methane p r o d u c t i o n  a t  h i g h e r  f eed  TOC 
concent ra t ions .  

( 3 )  Prac t3ca l  Considerat ions.  E a r l i e r  i n  t h i s  sec t ion ,  
r e fe rence  was made t o  t h e  p a r t i t i o n i n g  o f  methane between t h e  o f f q a s  and 
d i sso l ved  methane i n  t h e  1  i q u i d  e f f l u e n t .  . Data con ta ined  i n  t h e  AWARE r e p o r t  
have been used here f o r  computat ions l ead ing  t o  t h e  va lues shown i n  Table 11. 
Th i s  t a b l e  i gno res  t h e  p i l o t  p l a n t  because o f  i t s  r e p o r t e d  gas leaks.  
(Computations show t h a t  o n l y  2  percen t  t o  29 percen t  o f  t h e  methane found i n  
t h e  p i l o t  p l a n t  was i n  t h e  o f f gas ,  t h e  balance presumed l o s t  th rough  gas leaks  
o r  con ta ined  i n  t h e  e f f l u e n t .  ) 

Much o f  t h e  produced methane i s  con ta ined  i n  t h e  e f f l u e n t ,  i n  d i sso l ved  form. 
T h i s  c o n d i t i o n  i s  n o t  encountered i n  anaerobic d i ges te r s ,  p r i m a r i l y  because 
t h e i r  much l onge r  h y d r a u l i c  res idence  t i m e  produces a  l i q u i d  e f f l u e n t  f l o w  

. t h a t  i s  sma l l  r e l a t i v e  t o  t h e  volume of t h e  r e a c t o r .  Equipment designed t o  



Table 11. P a r t i t i o n i n g  o f    ethane Between Of fgas and L i q u i d  E f f l u e n t  

Gaseous CHq ( njday)* T o t a l  CH4 ( p./day)** Percent  o f  T o t a l  CH4 
That  i s  Gaseous 

Average: 53.3 pe rcen t  

* AWARE, Table 5-2. A l l  da ta  weekly averages. 

** AWARE, Table 5-6. A1 1  d a t a  weekly averages. 

recover  d i s s o l v e d  methane i s  n o t  a v a i l a b l e  and i t  i s  beyond t h e  bcope o f  th i s  
i n v e s t i g a t i o n  t o  hypo thes ize  how i t  rnight be designed and operated, and a t  
what cos t .  Widespread use o f  ANFLOW would p robab ly  s t i m u l a t e  t h e  development 
o f  t h i s  equipment, however. 

The most l i k e l y  approach t o  r ecove r i ng  d i s s o l v e d  methane would be a  vacuum 
d e g a s i f i e r .  Such a  system would a l s o  cap tu re  d i s s o l v e d  C02 if t h e  pH were 
low enough (below pH 6.3, d i s s o l v e d  C02 exceeds HC03). A t  h i ghe r  pH, 
however, d i sso l ved  i n o r g a n i c  carbon would be i n  t h e  b ica rbonate  f o rm  and, 
t h e r e f o r e ,  would n o t  behave as a  d i s s o l v e d  gas. 

O f  course, equipment designed t o  capture,  c lean,  s t o re ,  and use o f f g a s  i s  
a v a i l a b l e .  A survey o f  t h i s  technology i s  p rov ided  i n  a  recen t  EPA r e p o r t ( 5 ) .  
A l though t h e  a p p l i c a t i o n s  seen i n  t h a t  r e p o r t  were f o r  s ludge d iges te r s ,  t h e  
a p p l i c a t i o n  t o  ANFLOW columns i s  s t r a i gh t f o rwa rd :  . 

To avo id  c o r r o s i o n  i n  equPpment t h a t  would handle and burn  t h e  gas, i m p u r i t i e s  
such as hydrogen s u l f i d e  and wate r  should be removed. Wesner, e t  a l . ( 5 )  
cons ide r  a  chemical  sc rubb ing  system t o  be t h e  most s u i t a b l e  m e z s T o  c l e a n  



t h e  of fgas. Compression and s to rage  a t  45 p s i  no rma l l y  completes t h e  d i g e s t e r  
gas p repa ra t i on .  I f  gas from ANFLOW p l a n t s  o r  f rom d i g e s t e r s  a t  conven t iona l  
p l a n t s  were t o  be used o f f - s i t e . i n  a  p i p e l i n e  .system, removal o f  carbon 
d i o x i d e  and n i t r o g e n  would a l s o  be necessary t o  upgrade t h e  hea t i ng  value. 

O f f s i t e  use o f  f u e l  gas f r om t rea tment  p l a n t s  has n o t  been i n v e s t i g a t e d  
comprehensively i n  t h e  l i t e r a t u r e  because aerob ic  t rea tment  p l a n t s  do no t  
produce su rp lus  energy; gas use has always been on-s i te .  ( P l a n t s . m a y . e x i s t  
whose h i g h  sludge y i e l d  a l l ows  anaerobic d i g e s t e r  gas t o  produce su rp lus  
methane f o r  o f f - s i t e  use, b u t  we a re  aware o f  no such p l a n t s . )  A comprehen- 
s i v e  rev iew  o f  l a n d f i l l  gas use has, however, been completed by Ham, e t  
a1. ( 9 )  Th i s  gas i s  no rma l l y  about 47 percen t  methane and 47 percen t  carbon 
T 

d iox ide .  The methane con ten t  i s  lower  than ANFLOW gas, b u t  t h e  n i t r o g e n  
. c o n t e n t  i s  a l s o  lower. N i t r ogen  con ten t  o f  ANFLOW of fgas  appears t o  be i n  t h e  

20 pe rcen t  range (by  d i f f e r e n c e ,  based on d i scuss ion  w i t h  ORNL i n v e s t i g a t o r s ) .  
Removal would p robab ly  be by l i q u i f a c t i o n ,  an expensive and energy- in tens ive  

. . 
process. Ham, -- e t  a l .  l i s t e d  severa l  o p t i o n s  f o r  gas use, shown i n  Table 12. 
For  s p e c i f i c  app l i ca t i ons ,  techno logy  and markets a re  a v a i l a b l e  f o r  a  range o f  
o f f - s i t e  gas users.  

Table 12. A l t e r n a t i v e  Gas Fuel A p p l i c a t i o n s  

Process ing 
A p p l i c a t i o n  Requi r e d  

Higher  Heat ing 
Value (HHV) (BTUlsc f )  L i m i t a t i o n s  

~ . i r e c t  Fuel  Condensate 460 t o  490. 
removal 

D i r e c t  Fuel  Dehydrat ion 

D i r e c t  Fuel  Dehydrat ion and 650 t o  750 
p a r t i a l  carbon 
d i o x i d e  removal 

D i r e c t  Fuel  Dehydrat ion, 960 t o  990 
carbon d i o x i d e  
and n i t r o g e n  
removal 

Must be consumed 
a t  t h e  source 

Can be t r a n s -  
p o r t e d  v i a  p i pe -  
l i n e  moderate 
d i s tances  

Can be t r a n s -  
po r t ed  moderate 
d i s tances  and 
mixed w i t h  
n a t u r a l  gas a t  
low r a t i o s .  

Can be mixed w i t h  
n a t u r a l  gas a t  
i n t e rmed ia te  t o  
h i g h  r a t i o s  

Adapted f r om Ham, -- e t  a1. ( 9 )  ; ANFLOW o f f g a s  should have 20 percen t  t o  30 
pe rcen t  h i ghe r  hea t i ng  va lue  than  va lues shown here f o r  l a n d f i l l  gas. 

Another p r a c t i c a l  c o n s i d e r a t i o n  i s  t h e  p l a n t  s i z e  r e q u i r e d  t o  j u s t i f y  use o f  
o f f gas .  Anaerobic d i g e s t e r  gas i s  norma l l y  used o n l y  ih t rea tment  p l a n t s  w i t h  



24-hour at tendance f o r  reasons o f  s a f e t y  and p r o t e c t i o n  o f  equipment. 
Opera to r  d u t y  f o r  24 hours i s  l i m i t e d  t o  p l a n t  f l o w s  w e l l  above 1  mgd. 
Moreover, some equipment f o r  t h e  use o f  o f f g a s  i s  n o t  a v a i l a b l e .  Wesner, e t  
a1.(4) s t a t e d  t h a t  engine-generator  s e t s  a re  n o t  commonly a v a i l a b l e  f o r  g a r  - 
p r o d u c t i o n  l e s s  t han  54,000 sc f l day .  For  an ANFLOW p l a n t ,  t h e  f l o w  r e q u i r e d  
t o  generate t h i s  volume would be approx imate ly  5  t o  15 mgd, depending on feed  
s t reng th . ,  Smal le r  u n i t s  a r e  beg inn ing  t o  appear on t h e  market. One can 
assume t h a t  t h e  equipment w i l l  become more a v a i l a b l e  as t h e  va lue  o f  recover -  
i n g  methane increases,  b u t  t h e  p resen t  s i t u a t i o n  p rov ides  1  i t t ' l e  i n f o r m a t i o n  
on c o s t s  and e f f i c i e n c i e s  of smal l  equipment. 

( 4 )  .Comparison w i t h  Convent ional  Systems.. A  good amount of 
o p e r a t i n  da ta  on ae rob i c  b i o l o  i c a l  t rea tment  l a n t s  i s  a v a i l a b l e .  Wesner, ? e t  a1.(43 s t a t e  t h a t  a  1-mgd ac i v a t e d  s ludge p 7 a n t  t r e a t i n g  domest ic wastes 
W t l T t y p i c a l l y  y i e l d  10,845' s c f l d a y  o f  o f f g a s  f r om i t s  anaerobic  s ludge 
d i g e s t i o n  system. ' A t  70 pe rcen t  methane, t h e  methane volume i s  7,592 
s c f l d a y .  T r i c k l i n g  f i l t e r  p l a n t s  no rma l l y  produce about 90 pe rcen t  o f  t h e  
va lues  f o r  a c t i v a t e d  sludge. Other p l a n t  s i z e s  can be sca led  l i n e a r l y .  
Convent ional  p l a n t s  o f  1  mgd o r  l e s s  no rma l l y  do n o t  p r a c t i c e  anaerobic 
d iges t ion . .  It should a l s o  be noted t h a t  such d i g e s t o r s  a re  g e n e r a l l y  s i z e d  
f o r  s o l i d s  res idence  t imes  o f  approx imate ly  10 t o  30.days. I n  o r d e r  t o  
ach ieve waste s t a b i l i z a t i o n  i n  $ha t  per iod ,  t h e  d i g e s t o r s  must operate a t  
e l e v a t e d  temperatures (e.g., 95 F) ;  t h e  methane produced by d i g e s t i o n  i s  
u s u a l l y  burned t o  p r o v i d e  t h e  necessary heat. 

c. O v e r a l l  Energy Comparisons Among Treatment Systems 

Based on t h e  fo rego ing  d iscuss ions ,  energy consumption and methane p r o d u c t i o n  
by ANFLOW and conven t i ona l  systems w i l l  be compared. Fo r  t h e  reasons 
desc r i bed  above, these  comparisons a re  f o r  smal l  t r ea tmen t  p l a n t  f l ows :  0.1 
and 1.0 mgd. 

Whether methane generated i n  ANFLOW p l a n t s  o f  these  f l o w  c a p a c i t i e s  would 
a c t u a l l y  be, used i s  s u b j e c t  t o  quest ion.  The f o l l o w i n g  f a c t o r s  w i l l  gu ide 
t hese  dec i s i ons :  

Complexi ty of system and r e q u i r e d  amounts and s k i  11 l e v e l s  o f  
ope ra to r  a t t e n t i o n .  

. C a p i t a l  Cost 

. Opera t ing  and maintenance (0  a M) c o s t  

It appears l i k e l y  t h a t  ' inexpensive systems c o u l d  be designed t o  c o l l e c t  and 
s t o r e  ANFLOW o f f g a s  f r om smal l  u n i t s .  Perhaps t h e  s imp les t  des ign would be a  
f l o a t i n g ,  g a s - t i g h t  cover  b u i l t  i n t o  t h e  t o p  o f  t h e  column. The we igh t  o f  t h e  
cover  c o u l d  be coo rd ina ted  w i t h  t h e  p ressure  requi rements o f  t h e  equipment i n  
which t h e  gas was t o  be burn'ed. It does n o t  appear l i k e l y ,  however, t h a t  
smal l  p l a n t s  c o u l d  j u s t i f y  t h e  equipment needed t o  recover  d i sso l ved  methane 
f r om t h e  e f f l u e n t .  

T h e s e ' p r a c t i c a l  c o n s i d e r a t i o n s  a re  used f o r '  develop ing assumptions f o r  
comparisons o f  systems. Those assumptions a re  shown i n  Table 13. Table 14 



Table 13. Assum~t i ons  Reaardina Methane Generat ion and Use 

Type D iges t i on  D isso lved  
S ize  Range Type (Convent ional  ) O f f  gas Methane 

(mgd) Treatment P l a n t s )  Use Recoveryp 

5.1 ANFLOW - Yes No 
Convent ional  Aerobic  - - 

j -  

f *  
(no methane) 

' 1-5 ANFLOW - Yes N o 
Convent ional  Anaerobic Yes - 

\ ,  

ANFLOW >5 - Yes Yes 
Convent ional  Anaerobic Yes - 

Table 14. O v e r a l l  Energy Balance Comparisons f o r  S t rong  I n f l u e n t  

P l a n t  Type 0.1 mgd I l * O m g d  
Energy Content o f  

Energya I Energya Methane Methane (MWhIyr) - 
Requirements Requirements Generated Value asc 

(MWhIyr) I (MWhlyr) (s .c . f  . / y r )  T o t a l  E l e c t r i c i t y  

ANFLOW 3 8 238 3,700,000b 1110 3 70 I 
A c t i v a t e d  

Sludge 

T r i c k l i n g  
F i  1 t e r  

a Bas is :  300 mg/a BOD i n f l u e n t ,  30 mgla e f f l u e n t .  See Tables 5, 6 and 7. 

Generat ion a t  1 mgd on weak in f l .uent  x 3.7 t o  account f o r  waste s t r eng th .  
Dissolved'  methane i n  e f f l u e n t  n o t  inc luded.  

c E f f i c i e n c y  o f  engine - genera to r  s e t  = 35 percent .  



shows t h e  energy requ i rements  and methane p r o d u c t i o n  p o t e n t i a l  f o r  ANFLOW and 
ae rob i c  systems t r e a t i n g  s t r o n g  i n f l u e n t .  Table 15 i s  a s i m i l a r  p r e s e n t a t i o n  f o r  
weak i n f l u e n t .  A l l  o f  t h e  processes a re  n e t  consumers o f  energy w i t h  weak 
i n f l u e n t .  Fo r  s t r ong  i n f l u e n t ,  ANFLOW i s  a n e t  producer  o f  energy, i f  the  p l a n t  

f' 

i s  l a r g e  enough t o  c o l l e c t  and use t h e  methane. 1 
f 

Table 15. O v e r a l l  Energy Balance Comparisons f o r  Weak I n f l u e n t  
- I 

P l a n t  ~ y p e  
I 

1.0 mgd 
1 

o * l m g d  I', I 

Energy Content o f  
Energya 1 Energya Methane Methane (MWhIyr) 

Requirements Requirements Generated Value asc  I 

( ~ ~ h l y r )  I (MWh/yr) (s.c.f. l y r )  T o t a l  E l e c t r i c i t y  

ANFLOW 

A c t i v a t e d  
S 1 udge 

T r i c k 1  i n g  
F i l t e r  55 I 3 30 

a Bas is :  100 mg/a BOD i n f l u e n t ,  15 mgla e f f l u e n t .  See Tables 5, 6 and 7. 

b Does n o t  i n c l u d e  d i s s o l v e d  methane i n  . e f f l u e n t .  

c E f f i c i e n c y  'of  engine - genera to r  s e t  = 35 percent .  , 

2. I n d u s t r i a l  Wastewaters 

The ANFLOW process has n o t  been t e s t e d  h ~ t h  i n d u s t r i a l  wastewaters. For  some 
i n d u s t r i e s  w i t h  degradable o r g a n i c  wastewaters and w i t h o u t  i n h i b i t o r y  
components, ANFLOW should be an e f f e c t i v e  process because many s t u d i e s  on 
o t h e r  t ypes  o f  s i m i l a r  anaerobic  f i l t e r s  have shown promise. I n  t h e  n a t i o n a l  
syn thes i s  t h a t  concludes t h i s  sec t ion ,  c e r t a i n  i n d u s t r i a l  sec to r s  a re  
cons idered  w i t h  r ega rd  t o  ANFLOW's p o t e n t i a l .  I n  the,abs.ence o f  any da ta  on 
i n d u s t r i a l  wastes, somewhat s p e c u l a t i v e  assumptions w i l l  be r e q u i r e d  about 
process performance. S p e c i f i c a l l y ,  i t  w i l l  be assumed t h a t  t h e  methane 
gene ra t i on  p o t e n t i a l  f o r  i n d u s t r i a l  wastes i s  s i m i l a r  t o  t h a t  f o r  domestic 
wastewaters en an o r g a n i c  removal bas is .  The f o l l o w i n g  assumptions a re  made: 

. 60 percen t  removal o f  TOC 

. Wastewater i n f l u e n t  TOC = 300 mglk 



. Percent o f  removed TOC t h a t  i s  b i ochemica l l y  conver ted  i n  t h e  
column: 70 percen t  

. Methane p roduc t i on  pe r  TOC dest royed:  17.3 s c f  CH4 - 
'These assumptions l ead  t o  a  computed va lue of 18,000 scf. CHq/day f o r  a  
1-mgd p l a n t .  Another u s e f u l  express ion,  computed s i m i l a r l y ,  i s  7.2 s c f  
CH4Ilb TOC e n t e r i n g  i n d u s t r i a l  waste t rea tment  f a c i l i t i e s .  These va lues a re  
used i n  t h e  i n d u s t r i a l  p a r t  o f  t h e  conc lud ing  d i s c u s s i o n  o f  t h i s  Sec t ion  
( 1 I I . F ) .  



E. ECONOMIC FACTORS 

1. Development of  Cost Data 

The purpose o f  t h i s  s e c t i o n  i s  t o  eva lua te  t h e  economic compet i t i veness  o f  
t h e  ANFLOW process versus convent i  onal a c t i  vated s ludge and tri c k l  i ng f i  1 t e r  
i n s t a l  1  a t i  ons. Base1 i ne c o s t  es t imates  f o r  t h e  convent iona l  techno l  og i  es 

, 

were generated b y  means o f  t h e  U .S. EPA's CAPDET (Computer Ass i s ted  Procedure 
f o r  t h e  Design and E v a l u a t i o n  o f  Wastewater Treatment Systems) model. The 
program prov ided  March, 1979 do1 l a r  f i g u r e s  f o r  two des ign  f l o w  cases (0.05 
and 1.0 mgd) , and two i n f l u e n t  q u a l i t y  c r i t e r i a  ( s t r o n g  and weak). I n p u t  
assumptions f o r  t h e  CAPDET c o s t  da ta  a r e  presented i n  Table 16. 

P r e l i m i n a r y  ANFLOW c o s t  da ta  were avai  l a b l e  f rom t h e  AWARE and Oak Wldye 
r e p o r t s .  They were however, presented w i t h o u t  d e s c r i  p t i  on o f  severa l  key 
i n p u t  assumptions. As a r e s u l t ,  t h e i r  usefu lness was g r e a t l y  d im in ished .  
S ince t h e  l e v e l s  o f  con f idence  and d e t a i l  were i n s u f f i c i e n t  t o  j u s t i f y  a  
d i r e c t  compari son wi t h  t h e  CAPDET da ta ,  severa l  work i  ng assumptions and 
compromi ses had. t o  be made i n  t h e  t h e o r e t i c a l  approach t o  t h i  s  - e v a l u a t i o n :  

o  t he  c o s t  da ta  r e p o r t e d  h e r e i n  a re  s i g n i f i c a n t  i n d i c a t o r s  o f  t h e  
range o f  c o s t  r e 1  a t i  onshi  ps i n  and among t h e  Lhree techno l  og i  es , 
n o t  as a c t u a l  do1 1 a r  f i g u r e s  t o  be expected i n  p r a c t i c e ;  

o  i n  t h e  absence o f  da ta  t o  t h e  con t ra r y ,  m a t e r i a l  cos t s  and o t h e r  
s i t e  s p e c i f i c  f a c t o r s  were assumed t o  be equal i n  a1 1 cases; 

o  ana.1 ogous c o s t  exper ience wi t h  conven t i  onal  ' techno l  og i  es served as 
t he  bas i s  f o r  t h e  expansion o f  ANFLOW c o s t  data;  and, 

o  cos t  da ta  adjustments were based on t h e  assumption t h a t  t o t a l  
c a p i t a l  cos t s  equa l l ed  t h e  sum o f  u n i t  process cos ts  p l u s  land,  
i n d i r e c t ,  and p r o f i t  and overhead charges. 

2 .  Cost Comparisons 

Cost summaries f o r  t r i c k l i n g  f i  1 t e r  and a c t i v a t e d  s ludge p l a n t s  f o r  a1 1 f o u r  
combinat ions o f  i n f l u e n t  q u a l i t y  and des ign f l o w  a re  presented i n  Tables 17 
t o  20, S i m i l a r  ANFLOW c o s t  es t imates  a re  presented f o r  two des ign f l o w  cases 
i n  Table 21. Est imates f o r  ANFLOW's s t r o n g  and weak I r ~ f l u e r l l  cases were n o t  
made due t o  t h e  u n c e r t a i n t y  assoc ia ted  w i t h  pub l i shed  b a s e l i n e  data.  However', 
ANFLOW should be s i m i l a r  t o  t r i c k l i n g  f i l t e r s  i n  t h e  i n s e n s i t i v i t y  o f  c o s t  t o  
feed  s t r eng th .  

ANFLOW c o n s t r u c t i o n  c o s t  es t imates  were observed t o  be lower  than  those 
generated f o r  t h e  convent iona l  techno log ies  i n  severa l  cases. A t  t h e  0.05 
mgd des ign f l ow ,  ANFLOW cos t s  ranged f rom a minimum o f  26% t o  a maximum o f  
30% 1 ess than convent iona l  a c t i v a t e d  s ludge o r  t r i c k l i n g  f i  1 t e r  i n s t a l  1  a- 
ti ons. A t  t he  1.0 mgd des9 gn f l o w ,  ANFLOW c o n s t r u c t i o n  cos t s  were o n l y  l e s s  
than  those r e p o r t e d  f o r  t h e  a c t i v a t e d  sludge, low q u a l i t y  ( " s t r o n g " )  i n f l u e n t  
case. The convent iona l  techno l  og i  es were f rom 18.5% t o  13.0% 1 ess exper~s i  ve 
t o  c o n s t r u c t  than  ANFLOW i n  t h e  f o l l o w i n g  cases: 



TABLE 16 

. I n f l u e n t  Qua1 i ty, Construct ion,  and O&M 

Assumptions Used i n  CAPDET Data Generat ion 

o I n f l u e n t  Qual - i  t y  

BOD5 
T o t a l  Suspended Sol i d s  
COD 
PO4 
To ta l  K je ldah l  N i t rogen 

NH? O i  and Grease 
Cat ions 
Anions 
Temperature 
pH 

Const ruc t ion  

Strong (mg/l ) 

P1 anni ng 'Per iod = 20. years 
rn te res  t Rate = 6 518% 
Engineer ing News Record Cost Index = 2910 
P i  pe Cost Index = 282.8 
Large Ci. ty EPA .Index = 163 
Land Cost . = $2000.00/acre 
Pipe I n s t a l l a t i o n  Labor Rate = $14.70/hr 
Concrete Costs 

w a l l  = $207.00/cu. yd. 
s l a b  = $91.00/cu.  yd. 

B u i l d i n g  = $ 48.00/sq.f t .  
Excavat ion = $1 .20/cu.yd. 
Canopy Roof = $1 5.75/sq. f t  . 
8" p i p e  = $8.70/ f t .  
8" p i p e  bend = $83.17/uni t  
8" p i p e  t e e  = $123.09/unit 
8" p i p e  va l ve  = $1289.61/unit 

Operat i  on and Maintenance 

Opera tor ' s  Labor Rate = $7.50/hr. 
E l e c t r i c i t y  = $0.04/kWhr. 
Chemi c a l  Costs 

l i m e  = $O.QZ/lb 
a1 um = $0.04/ lb 
i r o n  s a l t s  '= $0.06/ lb 
polymer = $1.62/lb 

Weak (mg/l ) 



Table 17 

Cost Summary of 0.05 mgd Tr i ck l ing  Fi 1 t e r  P lan t  
Under Two In f l  uent Assumptions 

Low Quali ty i n f l u e n t ( ' )  ( c l eane r  Qual i ty  

I .  Investment c o s t  

Capi ta l  Cost $507,919 

Di rec t  Cost 111,742 
.- 

Total Construct ion 
 cost^ $61 9,661 

I n d i r e c t  Costs 189,205 

I-and Costs ,L 16 257 .... . .- 1 16,257 

Total Capi ta l  
Costs 

11. O&M Cost 

Operating Labor 17,299 

Maintenance Labor 7,727 

6,006 Power 

Materi a1 s 20,656 

Chemi ca1 89 

Admi ni s t r a t i  ve 1,699 I y699 
Laboratory 12,838 

Total O&M Costs $ 66,317 

Source: CAPDET 

(1 ) Low Q u a l i t y  I r ~ f l  uent C h a r a c t e r i s t i c s  : TSS 250 mg/l ; BOD5 300 mg/l ; 
COD 500 mg/l; pH 7.60. 

( 2 )  Cleaner Oual i t v  I n f l u e n t  C h a r a c t e r i s t i c s  : TSS 120 mg/l ; BOD5 . , 

100 mg/lf COD 200 mg/l; pH 7.60. 



Table 1 8  

Cost Summary of  0.05 mgd Activated Sludge P lan t  
Under Two' I n f l u e n t  Assumptions 

( 2 )  
" Low Q u a l i t y  1 n f l u e n t ( l )  Cleaner Qual i ty  I n f l u e n t  

I .  Investment Costs I 
Capital  Cost $547,549 

Direc t  Cost 120,460 

Total  Construct ion 
Costs $668,009 

Indi r e c t  Costs 203,414 

Land Costs 16,257 

21 9,671 

Total Capi ta l  
Costs 

T T .  OPIM Cnst 

Operating Labor 

Maintenance Labor 

Power 

Materi a1 s 

Chemi ca l  s 

Admi ni s t r a t i  ve 

Laboratory 

Total O&M Costs 

Source : CAPDET 

(1) Low Q u a l i t y  I n f l u e n t  C h a r a c t e r i s t i c s :  TSS 250 mg/l; BOD5 300 mg/l; 
COD 500. mg/l ; pH 7.60. 

(2)  Cleaner Qua1 i t y  Inf  1  uent  Character i  s t i  c s  : TSS 120 mg/l ; BOD5 
100 mg/l; COD 200 mg/l; pH 7.60. 



TABLE 19 

Cost Summary o f  1 . 0  mgd Tr i ck l ing  F i  1 t e r  P l an t  
Under Two. I n f l u e n t  Assumptions 

Low Qua1 i tjl Inf  1 uen t ( Cleaner Q u a l i t y  In f luen t  ( 2 )  
I 

I .  Investment Costs I 
Capi ta l  Cost $1,174,322 1 $1,098,727 

Di rec t  Cost 

Tota l .  Construct ion 
Costs $1,432,672 

Indi ' rec t  Costs 452,342 1 398,773 

Total Capi ta l  Costs 1,878,172 

II.O&M Costs 

Operating Labor 34,621 1 32,101 

Maintenance Labor 15,215 1 14.153 

Power 15,133 1 14,128 

Materi a'l s  32,828 1 .  , 32,483 

Chemi cal  s 1,793 1 1,793 

Admi n in i  s t r a t i  ve 8,355 1 8,355 

Laboratory 20,212 1 20,212 

Total O&M Costs 

Source: CAPDET 

(1 ) Low Qual i ty  I n f l u e n t  C h a r a c t e r i s t i c s :  TSS 250 mg/l ; BOD5 300 mg/l ; 
COD 500 mg/l ; pH 7.60. 

( 2 )  Cleaner Qual i ty  I n f l u e n t  C h a r a c t e r i s t i c s :  TSS 120 mg/l: BOD5 
100 mg/l ; COD 200 mg/l ; pH 7.60. 



TABLE 20 

Cost Summary of  1 .0  mgd Activated Sl udge P lan t  
Under Two In f luen t  . Assumptions 

Low Qual i ty  I n f l u e n t  ) Cleaner Qua1 i t y  I n f l u e n t  ( 2 )  

I .  Investment Costs 

Capi ta l  Cost $1,358,121 

Di.rect Cost 298,786 1 255y306 
Total  Construct ion 
Costs $1,656,907 

Land Costs 20,158 

I n d i r e c t  Costs 489,782 420,481 

Maintenance Labor 20,985 

Power 25,559 

Total  Capi ta l  Costs 2,166,847 

11. O&M Costs 

Operating Labor 48,522 

Materi a1 s 

Chemi cal  s 

1,856,431 

39 ,I 52 

Adminis t ra t ive  8,355 1 8y355 
Laboratory 20,212 

Total O&M Costs $ 164,389 'r $ 145,034 

Source: CAPDET 

(1 ) Low Q u a l i t y  I n f l u e n t  C h a r a c t e r i s t i c s :  TSS 250 mg/l ; BOD5 300 mg/l ; - .  
COD 500 mg/l; pH 7.60. 

* 

(2 )  Cleaner Q u a l i t y  1nfl .uent  C h a r a c t e r i s t i c s :  TSS 120 mg/l ; BOD5 
100 mg/l; COD 200 mg/l; pH 7.60. 



TABLE 21 

Cost Summary o f  0.05 and 1.0 rngd 
ANFLOW I n s t a l  1 a t i  ons . 

0.05 rngd 

I. Investment Cost 

Cap t i a l  Cost 281,500 

D i r e c t  Costs 114,000 

T o t a l .  Cons t ruc t i on  Costs 39 5 , 5 0  

I n d i r e c t  Costs 1 89,205 

Land Costs .16,257 

To ta l  Capi taP Costs $600,962 

ope ra t i ng  Labor 4,090 

Maintenance Labor 2,140 

Power 

Mater i  a1 s 

Chemi c a l  s 9 0 

Admini s t r a t i  ve 1,700 

Laboratory 12,840 

Tota l  O&M Costs $ 32,660 

1.0 mgd 

Source: JBF est imates 



o 1.0 Mgd T r i c k l i n g  F i l t e r ,  s t rong  i n f l u e n t  
o 1 .0 ' ~ g d  T r i  c k l  i 'ng F i  1  t e r ,  weak i n f l  uent  
o 1.0 Mgd Ac t i va ted  Sludge, weak i n f l u e n t  

ANFLOW opera t i on  and maintenance cos ts  were observed t o  be l e s s  than those 
f o r  t h e  convent ional  technologies i n  every design f l o w  and i n f l u e n t .  qua1 i t y  
case t h a t  was considered. Conventional techno'logies a t  t he  0.05 mgd design 
f l o w  i n c u r r e d  between 49.3% and 57.9% more ope ra t i ng  and maintenance expenses 
per  year  than d i d  t h e  ANFLOW system. A t  t he  1.0 mgd design f l o w  r a t e ,  t h e  
convent ional  technologies O&M cos ts  were g rea te r  by 43% t o  57.3%. Compari - 
sons among the  th ree  technologies are summarized i n  Tables 22 and 23. For  
these f lows,  ANFLOW w i t h  f i  l ' t r a t i o n  i s  l e s s  expensive o r  comparable t o  con- 
ven t i ona l  systems w i t h o u t  f i l t r a t i o n .  

3. V a l i d i t y  Confidence 

Thc v a l i d i t y  u f  t h e  above conclus ions based on t h e  cos t  data repo r ted  here in ,  
i s  p red ica ted  on t h e  f o l l o w i n g  cons idera t ions :  

o  P re l im ina ry  t reatment  i s  r e q u i r e d  f o r  a l l  t h r e e  technologies.  I t  
was assumed t h a t  f o r  equal f lows t h e  cos ts  would be the  same. 

o Primary and Secondary c l a r i f i c a t i o n  were n o t  i nc luded  i n  t h e  ANFLOW 
process desi gn. 

o  Costs associated w i t h  t h e  ANFLOW column proper  are a f f e c t e d  t o  a 
g rea t  e x t e n t  by t h e  packing .medi um which i s  se lected.  It was 
assumed t h a t  1" ceramic daschi g  r i n g s  ( a t  $lO.OO/cu.ft. ) wou'ld be 
used, based on- t h e  AWARE and 'the Oak Ridge'  r e p o r t s .  The packing 
.medi um accounts f o r  more than 60% of t h e  c o l  umn cos t  i n  bo th  design 
f l o w  cases. The s u b s t i t u t i o n  o f  a  l e s s  expensive medi urn would 
f avo rab l y  a f f e c t  ANFLOWis o v e r a l l  cos t  competi t i  veness. 

0 F f l t r a t i o n  i s  r e q u i r e d  f o r  a l l  t h ree  techno log ies  t o  reduce sus- 
pended so l  i d s  t o  l e v e l  s  whi ch meet secondary t reatment  standards 
(weak i n f l u e n t  cases) o f  15 mg/l .  It was assumed t h a t  t he  cos ts  
were t h e  same f o r  each t e c h i o l o g y  under a g iven s e t  o f  des ign and 
i n f l u e n t  c r i t e r i a .  Sand f i  1 t r a t i o n  i s  i i d i  cated f o r  t h e  ANFLOW, 
process e s p e c i a l l y  i n ~ t h e  weak wastewater cases. 

o D i s i n f e c t i o n  i s  requ i red  f o r  a l l  technologies.  Costs were assumed 
t o  be equal f o r  each technology under g iven design and i n f l u e n t  
c r i t e r i a .  

o  Sludge hand l ing  expenses were repo r ted  f o r  t h e  convent ional  a c t i -  
vated sludge and t r i c k l i n g  f i  1 t e r  i n s t a l l a t i o n s .  The ex ten t  o f  
ANFLOWis s l  udge handl i ng' requ i  rements i s unknown, b u t  i s  probably  
low. Therefore,. no cos ts  were repo r ted  f o r  s ludge handl i n g  i n  t he  
ANFLOW process. 



Table 22. Comparison o f  Costs f o r  Treatment Systems, 0.05 mgd 

A c t i  vated* T r i  c k l  i ng* 
ANFLOW S l  udge F i  1 t e r  

Capi ta1. Cost $601,000 $872,000 $81 9,000 

O&M Cost 33,000 75,000 66,000 

Present Val ue 969,000 1 ,708,000 '1 ,554,000 
(20 y r ,  6 5/8%) (1,534,000 (1,390,000 

w/o f i  1 t r a t i  on) w/o f i  1 t r a t i  on) 

* Average o f  two i n f l u e n t  q u a l i t y  est imates.  

Table 23. Comparison o f  Costs f o r  Treatment Systems, 1 mgd 

Ac t iva ted*  T r i  c k l  i ng* 
ANFLOW Sludge F i  1 t e r  

Cap i ta l  Cost $2,156,000 $2,012,000 $1,819,000 

O&M Cost 70,000 155,000 126,000 

Present Val ue 2,936,000 3,739,000 3,223,000 
(20 y r ,  6 518%) (3,337,000 (2,859,000 

w/o f i  1 t r a t i  on) w/o f i  1 t r a t i o n )  

* Average o f  two i n f l u e n t  q u a l i t y  est imates.  



The above cons idera t ions  whi ch were i n c l  uded i n t h i  s  ana lys i  s  a re  summari zed 
i n  the  fo l l ow ing  m a t r i x  o f  process design requirements : 

A c t i  vated T r i  c k l  i ng 
S l  udge F i  1  t e r  ANFLOW ' 

Pre l  i m i  nary  Treatment X X X 
Pr imary C l a r i f i c a t i o n  X X --- 
Secondary C l  a r i  f i  c a t i  on X X - - - 
Pumping . . X X X 
F i  1  t r a t i  on X X X 
D i s i n f e c t i o n  ( c h l o r i n a t i o n )  X X X 
S l  udge Hand1 i ng X X, --- 

Analys is  o f  t he  ANFLOW cos t  data suggests t h a t  subs tan t i a l  savings can he 
realized, e s p e c i d l l y  i n  t he  opera t ion  and maintenance o f  the  system. Ap- 
p rox imate ly  8 0 % p f  ANFLOW's t o t a l  ope ra t i ng  cos ts  a re  i n c u r r e d  f o r  personnel,  
power, and chemicals. ANFLOW c a p i t a l  cos ts  are c o n t r o l l e d  t o  a  g r e a t  ex ten t  
by the  cos t  o f  t he  packing -medium. Ongoing research may i d e n t i ' f y  l e s s  expen- 
s i  ve mater i  a1 s  t h a t  can be subs t i  t u t e d  t o  f u r t h e r  i.mprove ANFLOW's economi c  
a t t rac t i veness .  

I n  general,  t h e  ANFLOW system appears t o  be l e s s  expensive t o  cons t ruc t ,  
ma in ta in  and operate than e i  t h e r  of t he  convent ional  technologies.  Several 
fac tors  may however, adversely  a f f e c t  ANFLOW's compet i t i ve  posture under 
c e r t a i n  circumstances : 

o Colder c l i m a t i c  regimes may r e q u i r e  addi. ti onal excavat ion t o  bury 
t h e  ANFLOW column and/or increased energy consumption f o r  i n f l u e n t  
preheat ing.  

o Armnonia levels .  i n  t he  ANFLOW e f f l u e n t  may be unacceptable a t  some 
loca t i ons .  Thi s  may requ i  r e  t h e  a d d i t i o n a l  expense associated w i  t h  
ae ra t i on  u n i t s  t o  f a c i  1  i t a t e  ammonia-stripping. 

Appl i cabi 1  i ty  

The cos t  f i g u r e s  repor ted  i n  t h i s  sec t i on  do n o t  r e f l e c t  reg iona l  d i f fe rences 
t h a t  would be encountered i n  t he  ac tua l  cons t ruc t i on  o f  a  sewage t reatment  
p l a n t .  The t r a d i t i o n a l  method f o r  dea l i ng  w i t h  these d i f fe rences i s  by means 
o f  t he  var ious  cos t  i n d i c e s  a v a i l a b l e  through both  government and p r i v a t e  
sources. I n  t h i s  case, t he  use o f  reg iona l  cos t  i nd i ces  i s  n o t  warranted 
.because o f  t he  l ack  o f  p r e c i s i o n  i n  t he  cos t  est imates. The accuracy and 
adequacy o f  cos t  est imates w i  11 be g r e a t l y  improved w i t h  the  experience 
gained through l a r g e  scale t e s t i n g  of the  ANFLOW system. This w i l l  r e s u l t  i n  
a  more con f i den t  appra isa l  o f  t he  cos t  e f fec t iveness  of the  system as compared 

. t o  t he  convent ional  technologies.  



F. NATIONAL SYNTHESIS 

1. Mun i c i pa l  Wastewater Treatment 

a. Approach 

ANFLOW'S market p e n e t r a t i o n  w i l l  be governed by a  g r e a t  manyo f a c t o r s ,  most of 
which can be c l e a r l y  d e f i n e d  o n l y  a f t e r  t e s t i n g  o f  l a r g e r  u n i t s  has been 
conducted. I n  a n t i c i p a t i o n  of r e 1  i a b l e  da ta  from 1  a rge r  demonstrat ions, 
c e r t a i n  assumptions a re  made t o  develop t h e  mun i c i pa l  market s i z e  f o r  ANFLOW 
and t h e  a t t endan t  energy e f f e c t s .  These assumptions i n c l u d e :  

. Successfu l  sca le -up 'w i th  no ma jo r  problems w i t h ' h y d r a u l i c  o r  
p o l l u t a n t  removal performance. 

. Cost-compet i t iveness w i t h o u t  r ega rd  t o  t r ea tmen t  p l a n t  s i ze .  T h i s  
assumption depends on lowered c o s t s  f o r  pack ing  m a t e r i a l  and 
con t inued  i n f l a t i o n a r y  inc reases  i n  energy c o s t s  f o r  aerob ic  systems. 

. Methane p r o d u c t i o n  i n  t h e  Oak Ridge c l i m a t e  a p p l i c a b l e  t o  a l l  r eg ions  
o f  t he  c o u n t r y  except  those whose c o l d  c l i m a t e  logically prec ludes  
anaerobic t rea tment .  

Three l e v e l s  o f  market p e n e t r a t i o n  a re  assessed: 

. Maximum p o s s i b l e  t rea tment  o f  a l l  mun i c i pa l  wastewater nat ionwide.  
Requi re  t o t a l  r e t r o f i t  o f  a l l  e x i s t i n g  systems as w e l l  as use i n  a l l  
new c o n s t r u c t i o n .  

. To ta l  commitment w i t h o u t  r e t r o f i t  - assumes a l l  new c o n s t r u c t i o n  
i n c l u d i n g  expansions o f  e x i s t i n g  systems, w i  11 use ANFLOW. 

. New cor iS t ruc t ion  u r ~ l y  - saine as prevSous l c v e l  w i t h o u t  p l a n t  
expansions. 

To e s t i m a t e . t h e  p o t e n t i a l  impact o f  ANFLOW, t h e  energy in fo r r r id t ion  f rom 
Sec t i on  1 I I .D  has been used. Table 24 summarizes and rearranges t h a t  
in fn rmat ion .  Larqe conven t i ona l  p l a n t s  are assumed t o  d i g e s t  s ludge anaerobi-  
c a l  ly,  w i t h  methane c o l  l e c t e d  and' used. Methane eneratlor~ values f o r  t hcsc  
systems were based on da ta  f rom Wesner, e t .  a1.(5! Because a  common r u l e  of 
thumb f o r  t he  BOD o f  domest ic w a s t e w a t e r i s  330  mgla, t h e  methane genera t ion  
p o t e n t i a l  of s t r o n g  and weak i n f l u e n t s  has been averaged i n  t h i s  t a b l e .  
Because most energy used i n  t rea tment  p l a n t s  i s  e l e c t r i c a l ,  t h e  columns f o r  
t r ea tmen t  p l a n t  use and methane gene ra t i on  a re  shown i n  e l e c t r i c a l  terms. The 
" su rp lus "  and "consumption" columns, because t hey  a re  t o  be used f o r  n a t i o n a l  
syn thes i s  (quads) have been conver ted  back t o  B tu  w i t h  t h e  c a l c u l a t i o n  

Surp lus !%! = Surp lus  Mwh + .35 e l e c t r i c  genera t ion  e f f i c i e n c y  
Y  r Y r 

x  3415 1000 kwh 
kwh MWh 



Table 24. Balance Between Energy Use and Produc t ion  f o r  
Var ious Treatment Systems 

T o t a l  E l e c t r i c  Average Average 
Energy Energy Net Net 

Required P o t e n t i a l  o f  Surp lus  Consumption 
P l a n t  Type (MWhIyr) Methane (MWh/yr)* ( B t u l y r )  ( B t u l y r )  

S t r o n g  Weak Average 

ANFLOW 238 -740  200 4 7 0 '  7 .9~108  --- 

A c t i v a t e d  
S 1 udge 517 390 130 260 --- 2 .5~109  

T r i c k 1  i ng 
F i  l t e r  307 350 120 235 --- 7 . 1 ~ 1 0 8  

* Assuming anaerobic s ludge d i g e s t i o n  i n  aerob ic  p l a n t s  and recovery  o f  
d i s s o l v e d  CHq i n  ANFLOW p l a n t s .  

The energy va lues i n  Table 24 w i l l  be combined w i t h  f l o w  va lues t o  d e r i v e  a 
n a t i o n a l  synthes is .  f i r s t ,  however, t h e  r e g i o n a l  p r o b a b i l i t y  o f  ANFLOW's 
success ( i . e .  c o l d  r e g i o n  performance) must be considered. 

A d e t a i l e d  ana1ysi.s was conducted t o  assess t h e  number o f  new secondary 
t rea tment  p l a n t s  expected t o  be b u i l t  i n  "warmu c l ima tes .  Only f l o w s  up t o  
1 mgd were considered, b u t  t h e  r a t i o  o f  "warm reg ion "  p l a n t s  t o  t o t a l  p l a n t s  
i n  t h e  c o u n t r y  should be independent o f  f l ow .  

An es t ima te  o f  t h e  geographica l  area w i t h  s u i t a b l e  c l j m a t i c  c o n d i t i o n s  was 
generated from a known d i s t r i b u t i o n  o f  Mean Annual T o t a l  Heat ing.Degree Days. 
S ta tes  w i t h i n  + I50  p e r c e n t . o f  t h e  Oak Ridge Degree Day i s o p l e t h  were inc luded.  
Th i s  boundary i s  c o n s i s t e n t  w i t h  t h e  U.S. EPA c r i t e r i o n  o f  3 8 ' ~  L a t i t u d e  as 
d i v i d e r  between warm and c o l d  c l imates .  

The geo r a p h i c  d i s t r i b u t i o n  i s  i l l u s t r a t e d  i.n F igu re  4. The EPA Needs 9 survey(  0)  served' as t h e  source f o r  t h e  a c t u a l  number o f  new, enlarged, o r  
en la rged  and upgraded p l a n t s  w i t h  a des ign f l o w  o f  up t o  1 mgd t o  be i nc l uded  
f o r  each s ta te .  S ta tes  th rough which t h e  6000-degree day i s o p l e t h  passes were 
i nc l uded  i n  t h e  "warm" r e g i o n  in .  t h e i r  e n t i r e t y .  The s ta tew ide  t o t a l s  i n  each 
s i z e  range were added, w i t h  a r e s u l t a n t  n a t i o n a l  t o t a l  o f  3,700 p l a n t s  o f  
1 mgd o r  less .  The t o t a l  of a l l  p l a n t s  i n  t h e  coun t r y  w i t h i n  t h i s  s i z e  range 
t o  be newly b u i l t ,  enlarged, o r  en la rged  and upgraded i s  5,700. 

3700 - 
Based on t h i . s  d e t a i l e d  survey o f  a s e c t o r . o f  t h e  market, t h e  f a c t o r  5700 i s  
appl  l e d  t o  t h e  n a t i o n a l  market s i z e  p r o j e c t i o n s  t o  r e f l e c t  ANFLOW's p robab le  
l a c k  o f  f u t u r e  .use i n  c o l d  ' regions. 



Figure 4 .  MSAX ANNUAL TOTPL HEATING DEGREE DAYS (Base 18OC) 

KEY 

z o o 0  - roo0 



b. New Const ruc t ion  Onlv 

During t h e  pe r i od  f rom 1978 t o  2000, more than 4000 new secondary t reatment  
p l a n t s  have been p ro jec ted  t o  be cons t ruc ted  i n  t h e  U.S. (10).  Table 25 
summarizes t h e  t o t a l  number of e n t i r e l y  new secondary p l a n t s  which are planned 
t o  be cons t ruc ted  by t h e  year  2000, by EPA Region and by p l a n t  f l o w  ranges. 

Table 25. Number o f  Secondary Treatment P lan ts  t o  be Constructed 
Between 1918 and 2000 

TOTAL PROJECTED FLOW. (MGD) 

0- -106- -502- 1.06- 5.02- 10.6- Regional 
EPA ~ e g i o n  . I05 .5019 1.05 5.019 10.5 50.2 >50.2 T o t a l s  

I 

1 7 7 79 17 32 2 2 0' 209 

I '  
2 153 120 18 . 13 4 4 3 315 

3 5 50 363 6 4 3 8 3 3 .  0 1,021 

4 335 173 27 38 9 7 1 5 90 

U.S. To ta l s  2,784 1,077 167 170 

I Source: Reference 10 

The t o t a l  f l ows  w i t h i n  each f l o w  range were converted t o  energy e f f e c t s  by t h e  
f o l  l ow i  ng sequence: 

a. Use t h e  midpo in t  o f  each f l o w  range t o  represent  t h a t  group. 

b. M u l t i p l y  tota1,number of p l a n t s  i n  f l o w  range by midpo in t  f l o w  t o  
f i n d  nat.iona1 f l o w  f o r  t h a t  f l o w  range. 



c. For  each f l o w  range, m u l t i p l y  t o t a l  n a t i o n a l  f l o w  by energy s u r p l u s 1  
consumption va lues  f r om Table 24. 

d. M u l t i p l y  by 3700 t o  account f o r  c o l d  r e g i o n  problems w i t h  anaerobic 
processes. STCTCi 

The r e s u l t s  are shown i n  Table 26. R e l a t i v e  t o  t r i c k l i n g  f i l t e r , p l a n t s ,  t h e  
annual n a t i o n a l  energy b e n e f i t  f rom ANFLOW's e x c l u s i v e  use would be 
3.2 x 1012 B t u l y r  0.003 quads). R e l a t i v e  t o  a c t i v a t e d  sludge, t h e  va lue  1 would be 6.5 x 101 B t u l y r  (0.006 quads). 

c. T o t a l  Commitment-Without R e t r o f i t  

Us ing an approach s i m i l a r  t o  t h a t  descr ibed  above, t h e  1978 Needs Survey was 
consu l t ed  t o  determine t h e  number o f  new and en la rged  p l a n t s  p r o j e c t e d  t o  be 
b u i l t  by t h e  yea r  2000. I n  t h e  i n t e r e s t  o f  b r e v i t y ,  t h e  breakdowns a re  n o t  
p resen ted  as i n  Tables 25 and 26, which were shown t o  i l l u s t r a t e  t h e  computa- 
t i o n  'procedure. T o t a l s  f o r  each f l o w  range are, however, t a b u l a t e d  i n  Table 
?7, A t  t h i s  h i g h e r  l e v e l  o f  commitment where a l l  p l a n t  expansions use ANFLOW, 
t h e  n a t i o n a l  energy b e n e f i t  r e l a t i v e  t o  t r i c k l i n g  f i l t e r  p l a n t s  would be 5 x 
1012 B tu  (0.005 quads). R e l a t i v e  t o  a c t i v a t e d  sludge, t h e  b e n e f i t  would be 
0.01 quads. 

d. Maximum P o s s i b l e  Commitment 

I f  a n a t i o n a l  commitment t o  ANFLOW inc luded  r e t r o f i t  o f  a l l  e x i s t i n g  systems 
w i t h i n  t h e  warmer r e g i o n s  o f  t h e  coun t ry ,  t h e  energy b e n e f i t s  shown i n  
Tab le  28 would be expected. A t  t h i s  l e v e l  o f  commitment, hawever, t h e  energy 
r e q u i r e d  t o  b u i l d  t h e  f a c i l i t i e s  may s e r i o u s l y  reduce these  advantages. 
Throughout t he  a n a l y s i s  t o  t h i s  p o i n t ,  i t  has been i m p l i c i t l y  assumed t h a t  
energy i n p u t s  f o r  t h e  c o n s t r u c t i o n  o r  expansion o f  f a c i l i t i e s  would be r o u g h l y  
e q u i v a l e n t  among t h e  t h r e e  cand ida te  systems. When a r e t r o f i t  o f  .an In -p lace  
system i s  done, t h a t  assumption i s  c l e a r l y  i n v a l i d .  

Because d e r i v a t i o n  o f  energy i n p u t s  f o r  ANFLOW r e t r o f i t s  i s  beyond t h e  scope 
of t h i s  t a s k  and would be based on ve ry  sketchy data,  q u a n t i t a t i o n  o f  these 
i n p u t s  i s  n o t  presented. The va lues i n  Table 28 must be viewed f o r  now as 
o p t i m i s t i c .  

2. I n d u s t r i a l  Wastewater Treatment 

No t e s t s  w i t h  ANFLOW columns have been conducted on i n d u s t r i a l  wastewaters, 
and t h e r e f o r e  assessments o f  t h e  p rocess ' s  p o t e n t i a q  i n  t h e  i n d u s t r i a l  market 
a r e  tenuous. I t  i s  u s e f u l ,  however, t o  make some assumptions about ANFLOW's 
p robab le  performance on s e l e c t e d  i n d u s t r i a l  wastes and t he reby  d e r i v e  rough 
es t ima tes  o f  i t s  p o t e n t i a l  energy b e n e f i t s .  

The i n d u s t r i a l  wastewater t r e a t m e n t  market has no such convenient  summaries as 
t h e  EPA Needs Survey f o r  mun i c i pa l  wastewater. N a t i o n a l  summaries on s p e c i f i c  
i n d u s t r i e s  are ava iTab le  i n  s c a t t e r e d  re ferences,  and these  have been 
consu l ted .  , 



Table 26. .Est imates o f  ANFLOW1s T o t a l  Energy ~ e n e f i t s  f o r  Secondary 
Treatment P l a n t s  P ro jec ted  t o  be B u i l t  by t h e  Year 2000* 

FLOW RANGE (MGD) 

0- -106- -502- 1.06- 5.02- 10.6- 
Process . l o5  .5019 1.05 5.019 10.5 50.2 >50.2 T o t a l s  

Act i vated 
Sludge (734)* (1644) '  (649) (2595) (600) (2280) (1125) (3627) 

T r i c k l  i ng 
F i  l t e r  

I 
(442) (991) (392) (1562) (170) (648) (320) (4525) - 

ANFLOW (338) (756) - 51  204 190 721' 356 447 

Net Bene f i t * *  
o f  ANFLOW 
R e l a t i v e  t o :  

T r i c k l i n g  
F i  1 t e r  104 235 443 1766 360 i 3 6 9  676 4953 

A c t i v a t e d  
Sludge 396 888 700 2799 790 3001 1481 10,055 

Net B e n e f i t  
w i t h i n  o n l y  
those  reg ions  
(warmer) where 
ANFLOW can be 
expected t o  
succeed. 
R e l a t i v e  t o :  

T r i c k l  i n g  
F i l t e r  68 153 288 1146 234 889 439 321 7 

A c t i v a t e d  
'Sludge 241 576 454 1817 513 1948 961 6510 

* Values a re  T o t a l  Na t i ona l  Energy Surp lus  (consumption) i f  a l l  p l a n t s  use 
t h a t  t rea tment  process. 

** These two rows a re  n a t i o n a l  t o t a l s  be fo re  a p p l i c a t i o n  o f  t h e  f a c t n r  t o  
account f o r  anaerobic pt.ucesses ' p60r  performance i n  c o l d  c l  imates. 

For  conven t iona l  p l a n t s  up t o  5.019 mgd, no methane gene ra t i on  was assumed. 
Larger  conven t iona l  p l a n t s  were assumed t o  generate methane. ANFLOW p l a n t s  up 
t o  0.5 mgd were ass~lmed n o t  t o  r ecove r  and use methane. 



T a b l e  27. E s t i m a t e s  o f  ANFLOW1s T o t a l  Energy B e n e f i t s  f o r  A l l  Treatment  
. P l a n t s  P r o j e c t e d  t o  be B u i l t  o r  txpanded b y  t h e  Year 2000 

(109 B t u l y r )  

FLOW RANGE (MGD) 

0- 1 0 6 -  .502- 1.06- . 5.02- 10.6- 
. l o 5  .5019 1.05 5.019 q0.5 50.2 >50.2 T o t a l s  

Ne t  B e n e f i t  
R e l a t i v e  t o :  

T r i ' c k l i n g  
F i  1 t e r  77 199 452 1983 393 1484 659 5247 

A c t  i v a t e d  
S ludge  272 7 49 712 3143 862 3254 1442 10,434 

T a b l e  28. E s t i m a t e s  o f  ANFLOW's T o t a l  E n e r g y . B e n e f i t s  f o r  A l l  
Secondary Treatment  P l a n t s ,  I n c l u d i n g  R e t r o f i t s ,  

P r n j e c t e d  t o  E x i s t  i n  t h e  Year - -  2000 

(109 B t u l y r )  

FLOW RANCC (MCD) 

0- 0.106- 1.06- 10.6- 
0.105 1.05 10.5 50.2 >50.2 T o t a l  

Net  B e n e f i t  
R e l a t i v e  To: 

T r i c k l i n g  
F i  1 t e r  341  2205 15,180 8446 5576 31,748 

A c t i v a t e d  
S 1 udge 1210 5150 25,630 18,507 12,205 62,702 



I n d u s t r i e s  f o r  which i n f o r m a t i o n  i s  r e a d i l y  a v a i l a b l e  on n a t i o n a l  BOD 
genera t ion  i n c l u d e  meat packing, d a i r y  products ,  pharmaceut ica ls ,  t e x t i l e s ,  
and o rgan i c  chemicals.  These i n d u s t r i e s  a re  assessed here  because t h e y  
generate l a r g e  q u a n t i t i e s  o f  BOD and u s u a l l y  use conven t i ona l  b i o l o g i c a l  
t rea tment  system t o  meet d ischarge  requi rements.  

Assumptions used i n  t h e  a n a l y s i s  i n c l u d e :  

BOD concen t ra t i ons  s i m i l a r  t o  TOC. 

. Methane genera t ion  w i t h  ANFLOW = 7.2 s c f / l b  BOD e n t e r i n g  t h e  system 
(de r i ved  i n  Sec t i on  1 I I .E ) .  ' 

. Energy consumption pe r  pound o f  BOD e n t e r i n g  t h e  system s i m i l a r  t o  
t h a t  f o r  mun i c i pa l  wastes f o r  a l l  t rea tment  systems. 

. Fuel va lue  o f  e l e c t r i c i t y  con~puted a t  35 pe rcen t  convers ion  e f f i c i -  
ency (9,757 BtuIkWh). 

. I n  t h e  absence o f  r e l i a b l e  da ta  on e x i s t i n g  f a c i l i t i e s  vs. new 
c o n s t r u c t i o n  needs, assume t h e  r a t i o  t o  be s i m i l a r  t o  t h a t  f o r  t h e  
mun i c i pa l  sec to r .  

Table 29 p resen ts  t h e  p r o j e c t e d  energy e f f e c t s  of ANFLOW systems i n  se lec ted  
i n d u s t r i e s .  Assumptions and re fe rences  n o t  l i s t e d  above a re  g i ven  on t h e  
t a b l e .  Comparison w i t h  Tables 25-28 shows t h a t  p r o j e c t e d  energy b e n e f i t s  a re  
o f  t h e  same o r d e r  o f  magnitude as f o r  t h e  mun i c i pa l  sec to r .  

3. Summary 

The f o rego ing~compu ta t i ons  and p r o j e c t i o n s  do n o t  say t h a t  a  n a t i o n a l  
commitment t o  ANFLOW w i l l  ach ieve t h e  t a b u l a t e d  energy b e n e f i t s .  The f i g u r e s  
mere ly  p o i n t  o u t  t h e  p o t e n t i a l ,  assuming t h a t  t h e  r e q u i r e d  ex tens i ve  scale-up 
and development r e v e a l  no maj,or impediments t o  wide-scale use o f  t h e  process 
i n  t h e  f i e l d .  Some p r e s e n t l y  u n q u a n t i f i e d  i ssues  r e l a t i n g  t o  ANFLOW's f u t u r e  
use a re  d iscussed i n  t h e  n e x t  sec t ion .  



Table 29. Pro jected Energy E f f e c t s  o f  ANFLOW Use i n  Selected I n d u s t r i e s  f o r  Year 2000 

Net Nat iona l  Annual Energy B e n e f i t  
f rom ANFLOW 

Energy Energy Nethane 
Annual BOD Consumption b Consumption b Generated by Tota l  I n c l u d i n g  New Constru t i o n  

Load Aerobic Systemsfa) ANFLOW Systemsfb) ANFLQW Systems R e t r o f i t  Only(c 
I n d u s t r y  (x106 I b l y r )  (x1012 B t u i y r ]  . (x1012 B t u l y r )  

5 
( ~ 1 0 ' 2  B t c l y r )  ( ~ 1 0 1 2  B t u l y r )  ( ~ 1 0 ~ ~  B t u l y r )  

Meat Packing 3 0 0 ( ~ )  1.4 0.7 2.2 3.1 0.32 

Da i r y  500( ) 3.2 1.1 3.6 5.0 0.51 

7 9 b )  Pharmaceutical 3.3 0.15 0.51 0.71 0.08 
Ln 
0 

T e x t i l e  

Organic Chemical 756(e) 3.3 1.7 5.4 7.6. 0.8 

a. Assuming 0.45 kWh/lb @OD e n t e r i r g  p l a n t  ( ca l cu la ted  assuming consumption o f  1-mgd aerobic p l a n t  a t  412 MWhlyr). 

b. Assuming ANFLOW energy consumpt-on a t  'ha l f  t h a t  f o r  aerobic systems (see Tabies 6 and 7) .  

c. Assuming new cons t ruc t i f in :  t o t a l  need r a t i o  same as t h a t  f o r  munic ipal  sec tor , ( f rom Tables 23 and 25, t h i s  r a t i o  
i s  0.106). 

d. Values c i t e d  i n  l e t t e r ,  C. Sco t t  (3RNL) t o  A. Haynes (DOE), March 23, 1979. 

e. JBF est imate based on rzw data i n  Ref: 11 (Pharmaceuticals),  12 ( T e x t i l e s ) ,  13 (Organic Chemicals). 



I V .  ASSESSMENT OF THE TECHNOLOGY 

, A. INTRODUCTION 

An e v a l u a t i o n  o f  t h e  f u t u r e  use fu lness  o f  a  wastewater t rea tment  technology 
must be concerned w i t h  t h a t  t echno logy ' s :  

o  s t a t e  o f  . techn. ica l  development; 
o  advantages and disadvantages v is-a-v is  a l t e r n a t e  methods; 
o  s t a t u s  i n  terms o f  f e d e r a l  r egu la t i ons ;  and 
o  probable deployment c h a r a c t e r i s t i c s .  

The f o l l o w i n g  s e c t i o n  addresses these issues.  

I B. STATE OF TECHNICAL DEVELOPMENT 

The ANFLOW process has been t e s t e d  on one r e a l  waste stream: t h e  mun i c i pa l  
i n f l u e n t  t o  t h e  Oak Ridge East  Treatment P l a n t .  T h i s  l i m i t e d  exper ience and 
t h e  sca le  o f  t h e  p i l o t  p l a n t  leave  many ques t ions  about process performance 
t h a t  can o n l y  be answered by exposure o f  t h e  system t o , o t h e r  wastes, a t  l a r g e r  
sca le .  ORNL's p l ans  t o  c o n s t r u c t  a  50,000-gpd demonstrat ion i n  K n o x v i l l e ,  as 
w e l l  as t h e i r  p lanned bench-scale exper iments on many ques t ions  o f  t o x i c i t y ,  
ammonia, and temperature e f f e c t s ,  a re  app rop r i a te  pa ths  t o  f o l l o w  i n  advancing 
knowledge about t h e  technology.  To a  l a r g e  ex ten t ,  many o f  t h e  u n c e r t a i n t i e s  
i d e n t i f i e d  p r e v i o u s l y  and summarized below should be c l a r i f i e d  by ORNL's 
c o n t i n u i n g  e f f o r t s .  

I 1. AchSevlng Dlscharge Requirements 

ANFLOW columns f o l l o w e d  by g r a n u l a r  media f i l t r a t i o n  should meet secondary 
t rea tment  standards f o r  most mun i c i pa l  e f f l u e n t s .  Some ques t i on  remains as t o  
whether t h e  s o l u b l e  BOD i n  ANFLOW e f f l u e n t s  may r e q u i r e  an adso rp t i ve  o r  
o x i d a t i v e  upgrading process t o  meet standards a t  s i t e s  w i t h  a  d ischarge  l i m i t  
o f  l e s s  than  15 t o  20 mglg BOD. 

The p rocess ' s  s t a b i l i t y  toward t o x i c  substances, pH excurs ions,  and o rgan ic  
shock loads i n  t h e  column f e e d  i s  n o t  w e l l  understood. Anaerobic systems a re  
g e n e r a l l y  regarded as more s e n s i t i v e  t o  these cha l lenges  than  aerob ic  systems 
( w i t h  t h e  excep t ion  o f  o rgan i c  shock loads) .  Thus, t h e  burden o f  ' p roo f  i s  
upon t h e  proponents o f  ANFLOW t o  conv ince t h e  p r o f e s s i o n . o f  t h e  p rocess 's  
s t a b i l i t y .  . S i m i l a r l y ,  anaerobic  systems are  known t o  per fo rm p o o r l y  i n  c o l d  
weather. Re f ined  assessments of t h e  p rocess 's  r e g i o n a l  a p p l i c a b i l i t y  must 
awai.t more exper ience a t  low o p e r a t i n g  temperatures. 

I n  a d d i t i o n  t o  i n v e s t i g a t i n g  t h e  p rocess 's  s t a b i l i t y  toward t o x i c  substances, 
i t  should be compared e x p e r i m e n t a l l y  t o  aerob ic  sys'tems as t o  t h e  pathways and 
t r ans fo rma t i ons  t h a t  occur  t o  t o x i c  substances i n  t h e  r e a c t o r .  Reso lu t i on  o f  

. t h i s  ques t i on  w i l l  gu ide s ludge management o p t i o n s  and w i l l  he l p  t o  d e f i n e  
e t t l u e n t  e f t e c t s  i n  r e c e i v i n g  waters.  



2. Enerav Conservat ion 

L i t t l e  doubt remains t h a t ,  i f  ANFLOW can be demonstrated f u r t h e r  as an 
e f f e c t i v e  waste t r ea tmen t  process, i t  w i l l  save cons ide rab le  energy r e l a t i v e  
t o  conven t iona l  aerob ic  processes. A  c r i t i c a l  unknown i n  q u a n t i t a t i n g  t h e  
energy savin-g i s  t h e  s o l i d s  q u a n t i t y  and q u a l i t y  t h a t  w i l l  be b1ow.n down f rom 
ANFLOW columns. F u r t h e r  demonstrat ions should answer t h i s  ques t ion .  

Another u n c e r t a i n t y  i s  i n  t h e  pumping energy r e q u i r e d  t o  l i f t  t h e  wastewater 
th rough  f u l l - s c a l e  columns. Scale-up demonstrat ions should seek t o  m in im ize  
t h e  pumping head, c o n s i s t e n t  w i t h  e f f e c t i v e  process performance. 

3. Methane Generat ion 

Many ques t ions  remain t o  be reso l ved  rega rd ing  methane generat ion,  i n c l u d i n g :  

a. Can equipment be made a v a i l a b l e  a t  reasonable c o s t  and e f f i c i e n c y ,  t o  
recover  t h e  s i g n i f i c a n t  q u a n t i t i e s  o f  methane d i sso l ved  i n  t h e  
r e a c t o r  e f f l u e n t ?  

'b. W i l l  equipment be a v a i l a b l e  a t  reasonable c o s t  t o  c o l l e c t ,  c lean,  
s to re ,  and use methane i n  t h e  sma l l e r  p l a n t s , w h e r e  ANFLOW i s  most 
economica l l y  c o m p e t i t i v e ?  

c.  Again w i t h . r e g a r d  t o  sma l l e r  p l a n t s  ( l e s s  than  1  mgd): how can 
su rp lus  o f f g a s  be marketed and used? Smal l  p l a n t s  a re  u s u a l l y  i n  
smal l  communit ies. Use o f  su rp lus  o f f g a s  would r e q u i r e  an ex tens i ve  
system t o  t r a n s p o r t  smal l  volumes o f  gas f rom d ispersed  sources t o  
users  o f  t h e  o f f g a s  ( o r ,  a l t e r n a t i v e l y  t o  r e g i o n a l  p rocess ing  
f a c i l i t i e s  t h a t  c o u l d  upgrade i t  f o r  i n j e c t i o n  i n t o  n a t u r a l  gas 
p i pe1  i n e s ) .  

P r o p r i e t a r y  Concepts 

No p a t e n t s  have been i ssued  r e l a t e d  t o  t h e  ANFLOW process. ORNI .  invest. igat.nrs 
have men t i oned . t he  pack ing  m a t e r i a l  and t h e  m i c r o b i a l  community a s  p o s s i b l e  
p r o p r i e t a r y  concepts. 

ADVANTAGES AND DISADVANTAGES c *  - 
  he t a b u l a t i o n  on t h i s  q u e s t i o n  i n  t h e  AWARE r e p o r t  (shown h e r e i n  as Table 1 )  
covers  t h e  most impo r tan t  d i f f e r e n c e s .  It should be emphasized, however, t h a t  
t h a t  t a b l e  i s  based on an assumed f u t u r e  da te  when t h e  many ques t ions  about 
ANPLUW have been reso  lved. The most severe "disadvantage" t o  ANFLOW compared 
t o  ae rob i c  systems i s  t h e  need t o  expand t h e  knowledge o f  t h e  process. I n  one 
sense, however, t h i s  i s  a  near- term advantage, i n  t h a t  t h e  need t o  prove t h e  
process should q u a l i f y  i t  f o r  p r e f e r e n t i a l  f und ing  by t h e  EPA Cons t ruc t i on  
Grants Program as an " I n n o v a t i v e  Technology". T h i s  i s sue  i s  d iscussed below. 

D. REGULATORY CONSIDERATIONS 

E f f l uen t  l i m i t a t i o n s  f o r  p u b l i c l y  owned t rea tment  works (POTW1s) and indus-  
t r i a l  d i scha rge rs  were p r e s c r i b e d  i n  t h e  Federa l  Water P o l l u t i o n  Con t ro l  Ac t  



(FWPCA) of 1972. I n  1977, t h e  Act  was amended by t h e  p r o v i s i o n s  o f  t h e  Clean 
Water Act  (CWA), which p rov ided  f o r  ex tens ions  o f  t h e  e a r l i e r  dead l ines  f o r  
secondary t rea tment  due t o  l ack  o f  funding,  delayed complet ion, e t c .  Waste 
management techniques which r e s u l t  i n  t h e  use o f  Best P r a c t i c a b l e  Waste 
Treatment Technology (BPWTT) a re  now r e q u i r e d  by Ju ly ,  1983. The d e f i n i t i o n  
o f  "secondary t r ea tmen t "  was pub l i shed  on August 17, 1973, i n  40 CFR 133. 
These f i n a l  r e g u l a t i o n s  es tab l i shed  e f f l u e n t  l e v e l s  f o r  b iochemica l  oxygeh 
demand (BODg), Suspended Sol i d s  (SS), c o l  i f o r m  bac te r i a ,  and pH. The ANFLOW 
process w i t h  f i l t r a t i o n '  has demonstrated a  p o t e n t i a l  f o r  meetin,g t h e  e f f l u e n t  
l i m i t a t i o n s  f o r  these  parameters and should, t he re fo re ,  be cons idered an ' 

adequate technology f o r  t h e  a t ta inment  o f  secondary t rea tment  o b j e c t i v e s  under 
some range o f  ope ra t i ng  cond. i t ions.  

L o c a l l y  a p p l i c a b l e  water  q u a l i t y  c r i t e r i a  may be, however, more s t r i n g e n t  than  
those  p resc r i bed  i n  t h e  FWPCA. T h i s  s i ' t u a t i o n  a r i s e s  as t h e  r e s u l t  o f :  

EPA Approved Water Q u a l i t y  Plans 
S t a t e  Court  Orders 
Federal  Cour t  Orders 
Discharge Permi t  Cond i t ions  
S ta te  o r  Federa l  Enforcement Orders 
Vo lun ta ry  Compliance 
S ta te  C e r t i f i c a t e  
Other 

Cond i t ions  which war ran t  one o r  more o f - t h e  above a c t i o n s  a re  caused by 
unusua l l y  h i g h  l e v e l s  o f  t o x i c  substances, organics,  o r  n u t r i e n t s .  Where 
ddd-il;i0ntIlfi ( t e r t i a r y )  t rea tment  i s  requ i red ,  a d d i t i o n a l  expense i s  i n c u r r e d  
which p o t e n t i a l l y  a f f e c t s  t h e  c o s t  compet i t iveness o f  t h e  ANFLOW process. 

L e g i s l a t i v e  c o s t  cons ide ra t i ons  a re  d e a l t  w i t h  i n  t h e  " I nnova t i ye  and 
A l t e r n a t i v e "  ( I  and A) technology g u i d e l i n e s  which were pub l i shed  i n  FR 
Vol. 43, No. 188, September 27, 1978. These g u i d e l i n e s  d e l i n e a t e  t h e  c r i t e r i a  
f o r  des igna t i on  as an I o r  A  technology. It i s  a  d i s t i n c t  advantage t o  be 
c l a s s i f i e d  as e i t h e r  an " I nnova t i ve "  o r  " A l t e r n a t i v e "  technology (by  t h e  EPA 
Regional  A d m i n i s t r a t o r s )  because an a d d i t i o n a l  10 percen t  o f  t h e  c o n s t r u c t i o n  
c o s t s  w i l l  be p a i d  by EPA under t h e  Cons t ruc t i on  Grants  Program. I n  addd i ton  
t o  t h e  85 percen t  f und ing  l e v e l  f o r  I and A techno log ies ,  a  f u l l  (100 pe rcen t )  
reimbursement i s  guaranteed should t h e  technology f a i l .  The g u i d e l i n e s  de f ine  
" A l t e r n a t i v e t '  processes as those  t h a t  are:  

". . . proven methods which p rov ide  f o r  t h e  r e c l a i m i n g  and reuse o f  water,  
p r o d u c t i v e l y  r e c y c l e  wastewater c o n s t i t u e n t s  o r  o the rw i se  e l i m i n a t e  t h e  
d ischarge o f  p o l l u t a n t s ,  o r  recover  energy." 

These methods i n c l u d e  unconvent ional  e f f l u e n t  t rea tment  techno log ies  such as 
l and  a p p l i c a t i o n ,  a q u i f e r  recharge; aquacul ture;  s i l v i c u l t u r e ;  and, d i r e c t  
reuse f o r  nonpotable purposes. " I nnova t i ve "  processes a re  de f i ned  as: 

. II . . . developed methods which have n o t  been f u l l y  proven under t h e  

circumstances o f  t h e i r  contemplated use and which represen t  a  s i g n i f i c a n t  
advancement over  t h e  s t a t e  o f  t h e  a r t  i n  terms o f  . . . c o s t  r educ t i on ,  
increased energy conse rva t i on  o r  recovery,  g r e a t e r  r e c y c l i n g  and 



conse rva t i on  o f  wa te r  resources,  r ec l ama t i on  o r  reuse o f  e f f l u e n t s  and 
resources,  improved e f f i c i e n c y  and/or  r e l i a b i l i t y ,  t h e  b e n e f i c i a l  use o f  
s ludges o r  e f f l u e n t  c o n s t i t u e n t s ,  b e t t e r  management o f  t o x i c  m a t e r i a l s ,  o r  
inc reased  env i ronmenta l  b e n e f i t . "  

Treatment processes based on conven t i ona l  concepts o f  t rea tment  (e.g., 
b io l .og ica1  o r  phys i ca l / chem ica l )  a r e  n o t  cons idered i n n o v a t i v e  except  where i t  
meets e i t h e r  o f  c r i t e r i a  a)  o r  b )  below. An " A l t e r n a t i v e "  technology can be 
deemed " I n n ~ v a t i v e ~ ~  i f  i t  meets any o f  t h e  f o l l o w i n g  s i x  c r i t e r i a :  

a)  have a  l i f e - c y c l e  c o s t  a t  l e a s t  15 percen t  l e s s  t han  t h a t  f o r  t h e  
most c o s t  e f f e c t i v e  a l t e r n a t i v e ;  

b) o f f e r  a t  l e a s t  20 pe rcen t  n e t  p r ima ry  o p e r a t i n g  energy sav ings over 
t he  l e a s t  n e t  energy a l t e r n a t i v e ;  

c )  improve t h e  o p e r a t i o n a l  r e l i a b i l i t y  o f  t h e  t rea tment  works i n  terms 
o f  upsets,  d ischarges,  and ope ra to r  s k i l l s ;  

d )  p rov ide  b e t t e r  management o f  t o x i c  m a t e r i a l s ;  

e )  r e s u l t  i n  inc reased  env i ronmenta l  b e n e f i t s ;  and, 

f )  p rov ide  new o r  improved methods o f  j o i n t  t rea tment  o f  mun i c i pa l  and 
i n d u s t r i a l  wastes. 

The 15 percen t  c o s t  and 20 pe rcen t  energy c r i t e r i a  ( a )  and b )  above), have 
been i n t e r p r e t e d  f o r  new p l a n t  c o n s t r u c t i o n  and t h e  upgrading o f  an e x i s t i n g  
p l a n t .  E i t h e r  c r i t e r i o n  must be met based on t o t a l  p l a n t  cos t -  o r  energy- 
sav ings f o r  a  new p l a n t .  The c r i t e r i o n  must be met based on t h e  new p o r t i o n  
cos t -  o r  energy-savings f o r  an upgraded p l a n t .  

I 'he ANtLUW process has t h e  p o t e n t i a l  t o  q u a l i f y  as an it ' t t ' tovatlve technology url 
b o t h  i t s  cos t -  and energy-savings m e r i t s  f o r  a  number o f  a p p l i c a t i o n s  i n  
seve ra l  EPA reg ions .  

E. PROBABLE DEPLOYMENT CHARACTERISTICS 

. 1. Type o f  Deployment 

  his study, and those  by ORNL, have shown t h a t  ANFLOW1s p r ima ry  economic 
advantages a r e  a t  low f l o w  r a t e s .  A t  p l a n t  c a p a c i t i e s  between 1 and 'I0 mgd, 
economies o f  sca le  i n  conven t i ona l  systems make them more a t t r a c t i v e  f r om a  
c a p i t a l  cos t  s tandpo in t .  I f  t h e  c o s t  o f  pack ing  m a t e r i a l  can be reduced, 
however, ANFLOW1s c a p i - t a l  c o s t  would become compe t i t i ve  a t  h i g h e r  des ign 
f l ows .  Assuming t h a t  t h i s  c o s t  r e d u c t i o n  can be achieved, t h e  l i f e - c y c l e  
c o s t s  o f  ANFLOW a re  expected t o  be compe t i t i ve  a t  h i ghe r  f lows .  A  proven, 
mature ANFLOW techno logy  would then  be most advantageous under t h e  f o l l o w i n g  
c o n d i t i o n s :  

I n f l u e n t s  h i g h  i n  degradable o rgan ics  - e s p e c i a l l y  t r e a t i n g  wastes 
f rom i n d u s t r i e s  t h a t  can use t h e  su rp lus  o f f g a s  d i r e c t l y  



. S i t e s  near p o t e n t i a l  customers t h a t  can purchasi t h e  su rp lus  o f f g a s  

I I n  warm c l i m a t e s  

The ques t i on  o f  sca le  i s  d i f f i c u l t  t o  r eso l ve .  Small communit ies would f . i nd  
t h e  energy sav ings and process s i m p l i c i t y  a t t r a c t i v e ,  b u t  may f o rego  o f f g a s  
use because such use d e t r a c t s  f rom t h a t  s i m p l i c i t y .  I n  a d d i t i o n ,  su rp lus  
o f f g a s  may n o t  have a  convenient  market i n  smal l  communit ies. . 

Larger  p l a n t s  can use and p robab ly  s e l l  excess o f f gas ,  b u t  t h e  c o s t  ques t i on  
awa i ts  r e s o l u t i o n  o f  t h e  mature p roduc t  c o s t  f o r  pack ing  m a t e r i a l s .  

2. Scale o f  Deployment 

The n a t i o n a l  energy p r o j e c t i o n s  i n  Sec t ion  I 1 1  a re  based on o p t i m i s t i c  
assumptions o f  wide-scale deployment. The sca le  o f  deployment may be l i m i t e d  
by t h e  f i r l d i n g s . o f  f u r t h e r  t e s t i n g  on t he  process. I n  p a r t i c u l a r ,  process 
s e n s i t i v i t y  t o  t o x i c  substances o r  pH v a r i a t i o n s  may h inde r  i t s  a p p l i c a t i o n  i n  
p u b l i c l y  owned t rea tment  works (POTW1s) w i t h  a  s i g n i f i c a n t  i n d u s t r i a l  
component o f  f l ow.  T h i s  p o s s i b i l i t y  may be s e t  as ide  by f u r t h e r  t e s t i n g  on 
t h e  process, b u t  i s  based on t h e  o p e r a t i o n a l  problems f r e q u e n t l y  encountered 
i n  anaerobic s ludge d iges te r s .  

I f  i n d u s t r i a l  f l o w s  a re  shown t o  h i nde r  ANFLOW1s use, es t imates  o f  t h e  e x t e n t  - 
o f  i n d u s t r i . a  c  n t r i b u t i o n s  w i l l  be u s e f u l .  These have been de r i ved  f rom t h e  
Needs Surveyl1o7. For  t h e  yea r  2000, 21.5 percen t  of POTW1s are  p r o j e c t e d  
t o  r e c e i v e  i n d u s t r i a l  f l ows ,  w i t h  t h e  n a t i o n a l  f r a c t i o n  o f  f l o w  c o n t r i b u t e d  t o  
POTW1s by i n d u s t r y  p r o j e c t e d  a t  16.5 percent .  Approx imate ly  h a l f  o f  t h e  
POI'W1s t r e a t i n g  i n d u s t r i a l  f l o w s  w i l l  have design. c a p a c i t i e s  above 10 mgd. 
Therefore,  s e n s i t i v i t y  t o  i n d u s t r i a l  wastewaters cou ld  l i m i t  ANFLOW1s "across 
t h e  board" market p e n e t r a t i o n  by up t o  approx imate ly  20 percent .  Th i s  i s  a  
wors t  case est imate,  o f  course, because many i n d u s t r i a l  components (e.g. food  
p rocess ing)  would n o t  c o n t a i n  t o x i c  o r  i n h i b i t o r y  f r a c t i o n s .  
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