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ENERGY CONSERVATION AND SCALE-UP .STUDIES F O R  A WASTEWATER 
TREATMENT SYSTEM BASED: QN A  FIXED-FILM, ANAEROBIC BIOREACTOR . 

Oak Ridge ~ a t i  onal  ~ a b o r a t o r ~ '  (ORNL) i s  devel  o p i n g a n  energy-conserv i  ng - , 

wastewater t rea tment  system . . based on a  f i x e d - f i  lm  anaerobic  b i oceac to r .  

The t r ea tmen t  process i s  based on pass ing  wastewaters upward th rough 

t h e  b - i o reac to r  f o r  cont inuous t rea tment  'by g r a v i t a t i o n a l  ' s e t t l i n g ,  

b i ophys i ca l  f i l t r a t i o n ,  and b i o l o g i c a l  decomposi t ion.  ' ~ ' 2 - ~ e a r  p i l o t ,  . 

. . 
. , p l a n t  p r o j e c t  us i ng  a  b i o r e a c t o r  des igned  t o  t r e a t  5000 g a l l o n s  p e r  day 

- 
' (gpd) has. been c'onducted us ing '  r a w  wastewater on a  mun i c i pa l  s i t e  , in  

Oak Ridge, Tennessee. Data ob ta ined  f o r  t h e  o'f the] b i o r e d c t o r  . 

' 

d u r i n g  t h i s  p r o j e c t  have been analyzed by ORNL and Assoc ia ted Water and 

A i r  Resources Engineers (AWARE), Inc. ,  o f  N a s h v i l l e ,  Tennessee. From 

these analyses . it was es t imated  t h a t  h y d r a u l i c  l o a d i n g  r a t e s  o f  0.2 

gpm/ft '  a n d  h y d r a u l i c  res idence  t imes o f  10 h r  cou ld  be used i n  desi ,gning 

such b i 'o reac to rs  f o r  t h e  secondary t r ea tmen t  o f  mun i c i pa l  wastewaters.. 

Conceptual des igns f o r  t o t a l  t r ea tmen t  systems process ing up t o , .  

1 .0  mi 11 i o n  ga l  l o n s  o f  wastewater p e r  day (mgd o f  .wastewater)  were 

dev,eloped based on t h e  per'formance o f  t h e  pi l o t - . p l a n t  b i o r e a c t o r .  These 

systems were'compared t o  a c t i v a t e d  s ludge t r ea tmen t  systems a l s o  o p e r a t i n g  . , 

under secondary t rea tment  requi ' rements and were found t o  consume as 1  i t t l e  
, . 

as 30% o f  t h e  .energy r e q u i  r e d  by. t h e  ac t i va ted ,  s ludge systems. The 

economic advantages. of  t h e  process r e s u l t  from t h e  e l i m i n a t i o n  o f  o p e r a t i n g  

energy requi'rements assoc ia ted  w i t h  . the a e r a t i o n  o f  aerobic-based processes 

and w i t h  t h e .  s i g n i f i c a n t  decrease o f  .s l  udge-hand1 i n g  c o s t s  requ i . red  w i t h  

conven t iona l  a c t i v a t e d - s l  udge t r ea tmen t  systems. Methane produced by 



anaerobic fermentation processes occurring during- the biological decom- 

position of carbonaceous wastes also represented a s ignif icant  and 

recoverab'le energy production term as wastewater flow rates  approached 
. . 

1.0 mgd.' 

To, support i t s  goal o f ,  commercial i.zing the process, ORNL i s  presently 

engaged in developing a 50,000-gpd wastewater. treatment sys tem based on 

the conceptual designs developed by O R N L  and AWARE. This project will, 

probably be conducted jo in t ly  with t h e  ci . tyb of Knoxvi 11 e ,  ~knne i see ,  
. , , . 

both for 'demonstration .purposes and for  continuing research and development 

with the' proc'esi. 

A p,ilot-plant. .wastewa.ter treatment system based on. a fixed-fi lm, 

anaerobic bjoreactor'wa.~. designed during the summer of 1976 as a jo in t  

venture between O R N L  and the Norton Company (Akron, Ohi o) : I t  was 

instal led with the, cooperation of the c i ty  of oak Ridge in the l a t e  

f a l l  of 1976, and. operated by ORNL for  2 years. The primary motivation. 

fo r  th i s  jo in t  e f f o r t  was the development of a new technology w i t h  could 

reduce the in.crease's i n  costs and energy consumption required by the 

passage in 1972 of Pub1 i c  Law 92-500 (and by PL 92-500 as .amended by 

the Clean Water Act of 1977). Other background for  th i s  development 

and early performance..data for  the process were previously reported (1-2). 

Toenhance the t ransfer  of technology to the pr iva te , sec tor , .  ORNL 

engaged in a '  competitive bidding process -to i nvol ve a consul t i  ng firm 

specializing in ,was.tewater- treatment in the  evaluation of t h i s  new 

technology. As a resu l t  of th i s  process, AWARE participated in analyses 

, of the pil.ot-plant data and subsequently developed conceptual designs 



f o r  tota.1 t reatment  systems based on the performance of t h e , p i l o t -  

plant,  b io reac to r .  , AWARE a1 so provided, estima.tes o f  t he  cos ts  and 

. energy requirements f o r  these systems. , ' . . ' 

. . 
. . . 

The pi l o t  p lan t ,  was based on an anaerobic, f i x e d - f i l m  b i o r e a c t o r  

( r e f e r r e d  t o  by the acronym ANFLOW. f o r  i t s  anaerobic, u p f l  ow ope ra t i on )  

a s  shown i n  the f lowsheet  i n  Fig. 1. The b io reac to r ,  a  c y l i n d r i c a l  tank 

cons t ruc ted  of f iberg lass ,  was 5 ft i n . d i a m e t e r  and 18.3 f t  high; :it 

3 conta ined 1 0  f t o f  p a c k i n g  (200 ft ) , which cons is ted  o f  1  - i n .  ceramic 
. . 

~ a s c h i g  r i n g s .  Both the b i o r e a c t o r :  and the packing were suppl i e d  by 

the Norton company. 'The bottom of  the column was a  45" cone w i t h  a  

f langed o u t 1 e t ; a  4 - i n  gate valve was i n s t a l l e d  on t h e  cone fia.nge.. 

N0z.zl.e~ f o r  ,feed i n l e t  and gas o u t l e t .  extended through the tank wall!. 

The column was surrounded by 4  i n .  o f  ins .u la t ion ;  a l l  ex te rna l  p i p i n g  

. . was i n s u l a t e d  w i t h  e1:ectr ical  t races . .  'There. were thermocouple taps 
. ~ 

near t h e t o p a n d  bottom o f  the  packed sec t ion ,  and a  U-tube manometer 

. . t a p . - a t  t he  i op .  An'o:verflow we i r '  and a  c o l l e c t i o n  t rough i n  the  top  

of t he  column were designed t o  remove e f f l uen t  from' t h e .  center  o f  t he  

tank. . . 

A. raw ,sewage,stream en te r i ng  t h e  Oak Ridge East .Treatment P lan t  

was samp1e.d immediately downstream of a  comminuting pump used i n  the  

headworks 'o f  t h e  c i t y  p l a n t .  A .constant f low '  r a t e  pump was used i n  

con junc t i on  w i  f h  a  f l o w - c o n t r o l  valve, w i t h  the  bypass from the  va lve  

being re turned t o  the  main' sewage flume v i a  am ove r f l ow  box used f o r  

sampling purposes.. Feed was. pumped t o  a  he igh t  above the  column' .out le t  
. . 

and a l lowed t o  pass through t h e  column by g r a v i t y  f low;  a  hydrau1,'ic 
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head of 2 t o  4' in .  was adequate to produce' th i s  flow. A l'iquid .seal 
. . 

in the out le t  1 ine prevented ambient gas from entering the col umn 

through the effluent-return :vent l ine.  A f inal overflow box was used 

for  s'ampl.ing before the effluent wai returned to."the main sewage flume. 

The off-gas from the col'umn was.sampled and analyzed by an on-line gas ', 

chromatograph; the total  off-gas volume was measured by a wet-test meter. 
. . . . 

~ontinuous monitoring of pH and temperature was accornpl i shed with 

on-1 ine probes pl'aced in the overflow .boxes before and a f t e r  the bio- 

reactor.  These 'boxes also contained pneumatic' sampl ers for  the 

collection of composiate samples which were analyzed,'to evaluate the 
. . .  . . 

bioreactor' s performance in wastewater treatment. 

. . 

START-UP PROCEDURES . . 

The packing materi'al provided by the Norton Company was instal led ' .  

in the-ANFLOW column by Norton with as'sistance.from ORNL.   he column 

was dry packed to enhance absorption of microorganisms, introduced l a t e r  

in the i.nocul'um. The packed bed was heated and dried by blowing. heated 

a i r  through i.t until the packing reached a temperature of 40 '~ .  A . '  . , 

mixture of rumen fluid.and anaerobic digestor sludge was then used .to 

f i l l  the column. A synthetic f,eed of' sugars, vo la t i l e  acids,  and mineral 
' 

. sa l t s '  was added to t h i s  inoculum to give an i n i t i a l  organic carbon con- . .. 

.centration of approximately 800 ppm. The ANFLOW column was then .al..lowed 

to cool for  1 wee,k, a f t e r  which the column temperature was approximately 

equal to the 18'C of thesewage on the Oak Ridge s i t e  a t  ' t ha t  time. . 

, . During the cool i ng period, raw sewage was batch fed  to  t h e  column in 

volumes o f -  approximately 30' gpd. continuous sewage feed a t  1100 gpd was 

s ta r ted ,  in November 1976. 



OPERATION AND PERFORMANCE SUMMARY 

.. . .Feed Flow Rates 
. . 

' The p i l o t  p l a n t  was designed t o  ' t r e a t  a nominal f low r a t e  o f  5000 

gpd; a s  shown i n  F ig.  2, f e e d  f l o w  r a t e s  ranging from 1000 t o  7000. gpd 

were ac tua l  l y  used t o  i n v e s t i g a t e .  the b i o r e a c t o r  ' s  response t o  a range 

o f  hydraul i c 1 oading ra tes  (HLRs ) . ~ o t a b l y  , the HLR corresponding t o  

a feed f low r a t e  o f  7000 gpd a t  the  p i l o t  p l a n t '  i s  approximat ley 0.25 

gpm/ft2. Feed f l o w  r a t e s  were maintained a t  constant  leVe ls  f o r  extended 

per iods ' t o  evaluate b i o r e a c t o r  performance under s teady-state ' cond i t ions .  
. . 

. . 

'Effec.ts o f  d iu rna l  v a r i a t i o n s  i n  f l ow  r a t e s  were b r i e f l y  examined w i t h  

no. no.tic'eable e f f e c t  on b io, reactor  performance observed. These 

i n v e s t i g a t i o n s  w i  l 1 be cont inued i n  f u t u r e  work. 

~empefaturk., pH, and Gas Product ion '' 
. . 

The temperature and pH l e v e l s  of t h e  wastewater fed t o  t h e  b i o -  
. . . . 

r e a c t o r  a r e  summarized us ing  monthly averages i n  histograms i n  F igs.  3 

and '4.  Temperature var iat i 'ons .foil owed seasonal  cyc les  and ranged from 

10 t o  25OC. Column e f f l u e n t  temperatures c l o s e l y  fo l lowed the  temperatures 
. . 

. . of t he  raw sewage .except ' f o r  the  pe r iod  of January through A p r i l  1.977, 

. . dur ing  which a cont ingency preheaterwas used t o  prevent  feed from 

freezin'g i n  ' ex te rna l  p i p e l i n e s .   his' p r a c t i c e  was d iscont inued a f t e r  . 

e a r l y  problems w i t h  c logg ing  o f  t h e  f low-cont ro l  .valve were . . .e l im ina ted.  

Ne i the r  ' feed nor  e f f l u e n t  pH l e v e l s  d i f f e r e d  s i g n i f i c a n ' t l y  from the 

value of 7 du r ing  the  p r o j e c t .  As would be expected, the  product ion  o f  

v o l a t i  l e ac ids  by the anaerobic d i g e s t i o n  processes' i n .  the  b io reac to r  

caused e f f l u e n t  pH values t o  be measurably lower than feed values. I n  

co lde r  months, .these . a c i d s  were n o t  e f f i c i e n t l y  converted t o  methane and 

. ' tended t o  be .discharged w i t h  the  e f f l u e n t ,  thus caus ing  g rea te r  pH 
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F i g .  2. Feed rate histogram for ANFLO~I  bioreactor. 
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F ig .  4 .  pH h i s  t ~ g r a m  f o r  AflFL0kI.- bioreac  t o r .  



d i f f e rences  between feed and e f f l u e n t  dur ing  these months than i n  warmer 
. . 

. . 
months. . . 

. . 

On several occasions, t he re  were pH dis turbances (probably associated ' , 

w i t h  discharges of \upstream metal - p l a t i n g  i n d u s t r i e s )  i n  t he  feed l a s t i n g  . 

as l ong  as 8 h r  du r ing  which pH l e v e l s  reached ,lows o f  3 and- highs o f  10; 

these d is turbances were dampened by t h e  column and were observed t o  a l t e r  

e f f l u e n t  l e v e l s  by l'ess than 0.5 p~ u n i t s .  0ne.hypothesis  proposed t o  

p a r t i a l  l y  exp la in  the  b i  oreactor's res i s tance  t d  these d is turbances i s  

' t ha t  ou te r  layers  o f  t h e  f i lms  a t t a c h e d  t o  the pack i  ncj absorbed the pH 

i n s u l t s ,  poss ib l y  s loughing o f f  as sludge f o r  f u t u r e  removal and l eav ing  

pro tec ted  f i l m  1,ayers behind as. a regenerat ion mechanism f o r .  the  b io reac to r .  

Gas product io.n ra tes  measured du r ing  the  p r o j e c t  a re  summarized i n  

F ig .  5; these r a t e s  reached monthly averages exceeding 100 l i t e r s l d a y .  

Methane concen t ra t i ons  i n  t he  b i o r e a c t o r  o:f-gas reached highs o f  80%, 

as shown i n  F ig .  6. The remainder o f  t he  off-gas. cons is ted  o f  carbon 

d i o x i d e  and n i t rogen.  The methane produced was approximately 33% of t h a t  

which cou ld  t h e o r e t i c a l l y  have been produced as ca l cu la ted  from measure- 

ments  o f  t h e .  organic carbon removed from the  wastewater b y  processes i n  . , 

t h e  b io reac to r .  . Th i s  ' e f f i c i e n c y  was d i f f i c u l t  t o  est imate,  however, 

s ince  carbon was removed by many 'mechanisms., some i n v o l  vi.ng so l  u b i l  i z a t i o n  

phenomena, f o r  instance,  which occurred o v e r  undef ined per iods.  

Product ion r a t e s  f o l  1 owed the  seasonal v a r i a t i o n s  descr ibed f o r  

temperature, i n c r e a s i n g  as expected i n  t he ,  warmer months. . The methane 

concentrat ions a1 so increased i n  warmer months, thus f o l l o w i n g  ' a  p a t t e r n  
. . 

p red i c ted  by the  decrease i n  vo l .a t i  1  e ac ids  accumulation discussed e a r l  i ,er  

f o r '  these months. . ' .  



TIME (months) 

' ' F i g .  5. Gas p roduc t i on  by ANFLOW b i o r e a c t o r .  
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. F i g .  6 .  Methane conten t  o f  gas produced by MIFLOW b i o r e a c t o r  . . . 



Re'moval of .  Suspended Sol.i'ds 

The ,levels 0.f total  suspended sol i.ds (TSS) in t h e :  feed varied 

signifi 'cantly, reaching a maximum month.1~ average of 2 5 0 . ~ ~ m  as seen 

in Fig. 7. TSS leyels in the eff luent  were'generally beldw 30 ppm until  

the l a t e r  months of the project.  During th i s  period, TSS l e v e l s  in the 

feed reached' the maximum observed and feed flow rates  20 to  40% above the 

5000-gpd design flow .rate were used. .More importantly, the system had 
. . 

been operated for  15 months without removing nondigesting or sl'owly 

digesting solids from the bioreactor. In an optimized operation, the 

bioreactor would be periodically backwashed t o  remove such solids and 

to.pimevent or' minimize. the.ir. discharge' in the eff luent .  

Figure 8 summarizes the  effects  of f eed  flow ra te  and TSS loading 

' ra te  on the TSS removal ra te  obtained with the  pilot-plant bioreactor. 

A t  design flow rates or l e s s ,  an average TSS removal ra te  of 75% of 

TSS l o a d i n g  was obtained for  loading rates  a s  high 'as 55 1 b TSS/day/ 

1000. f t 3  of reactor,  as can be seen. ' However , the bioreactor could not 

3 effectively remove TSS a t  loading r a t e i  as low a s  25 1 b iss/day/l 000 f t  

of reactor when flow rates  approached 7000 g p d .  From these resul ts  i t  

was postula3ed tha t  a "sludge blanket" was formed in the bioreactor as 
. . 

sol ids accumulat6d, and that  t h i s  sludge blanket could ' only' be retai,ned 
. . 

in the column by gradually reducing the H L R .  I t  was apparent tha t  

periodic removal of sol ids from the bioreactor would be required i f  

the bioreactor was to. be bperated continuously a t  a h i g h k ~ ~ ,  and that  

the requirement fo r  solids removal would be indicated by the  usable'^^^ 
. . 

decreasingbelow 'an allowable l imit .  , The operating cycle would thus be 

determined by the ra te  of sol ids a.ccumulation in the bioreactor under 

: given operati ng conditions .. 



. . 

F i  g . 7 .' Sol i'ds, rernova 1 by A!.IFLOW b i  o reac  t o r  .. 
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F i g .  8. Sdl i d s  removal i n  AN'FLOW b i o r e a c t o r .  



The b i o r e a c t o r  was dra ined by g r a v i t y - f l o w  and washed w i t h  waste- 

water fed  a t  ,8000 gpd f o r  2 4  h r  i n  o rde r  t o  t e s t  the  f e a s i b i l i t y  o f  

p e r i o d i c a l  l y  removing' so l  i d s .  TSS removal. r a t e s  were then re -eva l  uated 

a t  f low r a t e s  of 1  QOO', 5000; and 7000 gpd. 

Resul-ts a re  presented i n  F ig.  9  which, shows t h a t  a f t e r  s o l i d s  removal, 

f low r a t e s  as h i g h  i s  7000 g p d c o u l d  be u s e d w h i l e  o b t a i n i n g  75% removal 

. o f  TSS. As shown i n  Fig'. 8, ' t h i s  le.ve1 of  performance was p r e v i o u s l y  

l i m i t e d  t o  f l - o w r a t e s  o f  5000'gpd o r  l ess .  Since the  d r a i n i n g  and 

washing d i d  no t  remove f i l m ;  which were f i r m l y  at tached t o ' t h e  dacking,, 

t he re  was no problem i n  r e - s t a r t i n g  the  b io reac tor :  

Remova 1  of B i o l  og i  ca l  oxygen Demand (BOD) 

.Levels o f  5-day b i o l o g i c a l  oxygen demand (BOD) measured i n  t he  feed 

and e f f l u e n t  streams a re  summari.zed i n  F ig .  10 as monthly 'averages. 

Levels  of  BOD i n  t he  feed reached monthly averages as h igh  as 220 ppm. 

Eff 1  uent  BOD 1-evels f o l  lowed t rends  i n  the'  feed and ranged . f rom'  30 t o  

90 ppm; ,Since much of the  BOD i n  . t h e  e f f l u e n t  was associated w i th .  TSS, 

fncreased e f f ' i c i e n c y  i n  TSS removal, as discussed . i n  t h e  preceding sec t ion ,  

would ' resu l  t . in  s j g n i f i c ' a n t  improvement i n  BOD removal. 

As seen i n  F ig .  11, BOD removal r a t e s  cou ld  be c o r r e l a t e d  w i t h  

BOD 1oadi.ng ra tes .  These data show an average BOD removal o f  5 5 % . i n ,  

t he  column as operated du r i ng  t h e  p i  l o t - p . l a n t  p r o j e c t .  ' Dur ing March 

1978, t h e  feed r a t e  t o  t he  column was increased t o  6000 gpd, 20% above. 

t h e  design value. 'As seen i n  F ig .  11, t he  column requ i red  an acc l ima t i on  

p e r i o d  b u t  re tu rned  t o  t he  55% removal r a t e  i.n t t ie  f o l l o w i n g  months. I t  

, . i s  c u r r e n t l y  postu' lated'  t h a t  d u r i n g  t h e  acc l  ima t i on  per iod;  t h e  column 

reached a  new steady s t a t e  ' w i t h  respec t  t o  t h e  so l  i d s  i t  cou ld  r e t a i n  

. i n  t h e  sludge b lanke t  descr ibed e a r l i e r .  . . 
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The midrange loading daG shown i n  ~ i g .  11 were used t o  obtain 
. . 

a correlation of t h e  averaged removal hates with the averaged operating 
. . 

' temperatures during, the corresponding months. As seen i n  Fig. 12, 

temperature changes in t h e  range of 10-25OC did not a f f e c t  the removal 
,. . 

rates for  relat ively constant loading ra tes .  This suggests tha t  : '  

physical processes were. very s ignif icant  and perhaps control l i ng  in . 

the overall removal processes occurring.during the pi'lot-plant project. 

Effluent' Polishing 

To t e s t  effluent polishing charac ter i s t ics ,  batch samples of ANFLOW 

col.umn eff luent  were conditioned with alum and lime (50 and 60 ppm, 

respectively) and se f t l  ed. The resul t a n t  supernatant, suspended sol ids 
- . . 

values ranged from 1 0  t o  15 ppm. ~ a t c h  samples of column eff luent  were 

. . also poured"downflow through 22 'in. of 0.25- to  0.50-m sand. The 

suspended solids were reduced from approximately 4 8 t o  'less than 1 5  mg/ . . 
, . 

1 i  t e r  by sand f  i  1 t ra  t i  on. 

For on-line t e s t s ,  a' granular media fi ' l  t e r  was added to the pi lot-  
. . . . 

plant f a c i l i t i e s  and used to  t r e a t  as idestream of the column eff luent  

for  3 weeks. The f i  1 t e r  bed was dual media with the,  following charac- 

t e r i s t i c s :  

Sand layer - 1 2  in .  .deep, 0.45-mm grain 

Coal layer - 18 , in .  deep, 1.00-mm grain 
.-. 

The f i  1 t e r  was operated in a  downflow mode a t  a  hydraul i c  loading ra te  ., 
. -.. . . . 

2 of 3.2 gpm/ft . Under the t e s t  condi t ions,  the removal of insoluble 

matter was approximately 70%. The average eff luent  TSS was 18 ppm, while 

the average effluent BOD was. 33-  ppm. Operational d i f f  icul t i e s  w i t h  
. . . . 

the small -scale f i  1  t e r  sys tem 'were experienced d u r i n g  these t e s t s .  ' I t  
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was .p red ic ted  t h a t  . b e t t e r  performance would .be achieved by op t im iz ing  

the  backwash. frequency and by employing chemical c o n d i t i o n i n g  p r i o r  t o  
. . 

. f i l t r a t i o n .  
. .  , 

F.1ow D i s t r i b u t i o n  .. 
. . 

The hydraul i c  res idence t ime f o r  wastewater being t r e a t e d  by the 

ANFLOW column was i n v e s t i g a t e d '  by residence t ime d i s t r i  buti.on (RTD) 
, . 

. . . tests  performed a't d i f f e r e n t  feed ra tes .  For each t e s t ,  a  dye pu lse  
' . 

(19 l i t e r s  of 10 ppm f l uo resce in )  was i n t r o d u c e d i n t o  the  column through 

t h e  feed-1 i ne standpipe.' T h e  column e f f l  uent was sampled cont inuously  
O ,  

and combined'wi t h  a  reagent development stream (0.5 M NaOH, 0.005 M 
' 

- - 
EDTA) 'before 'being monitored by a f luorometer .  The reagent deve-lopment 

stream produced a  bas ic  pH t h a t ,  enhanced the  f luorescence 'o f  t he  dye; 
. . 

the EDTA complexed dissolved-metal ions  to, prevent  p r e c i p i t a t i o n  i n  

t h e  f low c e l l  a t  t h e  b a s i c p H .  Resul t s  of the  RTDs, compared w i t h  

t h e o r e t i c a l  p l  ug- f low res idence '.times, a re  shown i n  ,Fig. 13. Two 
. . 

t heo re t i ca l '  curves a r e  shown,, t he  f i r s t  c a l c u l a t e d  f o r  t he  ac tua l  vo id  

volume measured i n  t he  packed sect.ion o f  t h e  column .and the  second 

ca l cu la ted  f o r '  t he  combined volumes o f . t h e  .packed s e c t i o n  and the 'bo t tom 

. . cone o n .  t h e  column. Since f l o w  was in t roduced immediately be low  the .  

packed sec t i on  (see F ig .  '1 ), i t  can be assumed t h a t  t he re  was 1  i t t l e  
. . . .  . . -. . . . .. 

c i r c u l a t i o n :  o f  wastewater i n  t he  bottom cone. Therefore, t he  theopet ica l  
. . 

. . curve c a l c u l a t e d  f o r  the  packed s e c t i o n  can be used as a  model f o r  p lug-  

f l o w  behavior i n  the  column. . As seen ,by the  experimental  r e s u l t s  i n  

F ig.  13, t he  f low i n  t h e  AN.FLOW column cou ld  be approximately descr ibed 

by p lug- f low models , f o r  feed r a t e s  , ranging from 1000 t o  7000 gpd. No 

s i g n i f i c a n t  channel ing problems were i n d i c a t e d  f o r  f l o w  i n  the  ANFLOW 

column . 
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DISMANTLING THE ANFLOW COLUMN ' 
. 

. . 

A t  the  c o n c l u s i o h  o f  t he  p i  l o t - p l a n t  o p e r i t i o n ,  the  ANFLOW c o l  "mn 
. . 

was drained' and the  top  was opened t o  a1 low removal of packing m a t e r i a l  
. . 

and accumulated so l i ds .  An i n i t i a l  volume increment o f  150 gal  was 

c o l l e c t e d  from the, bottom con$; t h i s  s l u r r y  was. 60 vol  % so l  i ds ,  

produced 1 i ttl e odor., and had the qua1 i t a t i v e .  appearance of pr imary 

d i g e s t o r  e f f l u e n t .  An addi t i o r i a l  650. gal were drained; t h i s  m ix tu re  

was' 1 . 7  w t  2 s o l i d s ,  and 60% o f  these so l  i d s w e r e  v o l a t i l e .  From these 

3 rneasurementsi t was est imated tha t ,  600 ga l  (o r  5000 1 b o r  8 0  f t ) of 

f i x e d  ma te r ia l  ( m a t e r i a l  n o t  re loved by d r a i n i n g  the  column) accumulated 

i n  the  column du r ing  t h e  2 years o f  operat ion.  Therefore, approximate ly  

43% o f  the  i n i t i a l  voSd volume i n  the  packed sec t i on  remained open t o  

f l o w  a f t e r  t h i s  per iod.  

O f  the m a t e r i a l  remaining as f i l m s  on the  su r face  o r  i n  a 

the  cores of t he  packing, approximately 50% was v o l a t i l e .  A l l  f i l m  

m a t e r i a l  cou ld  be e ' a ~ i . 1 ~  removed w i t h  a cold-water spray. However, i t  

, was obvious t h a t  a. more 'open-structured packing. mater ia ' l  would al1,ow 

: g rea te r  e f f i c i e n c y  i n  - s o l  i d s  removal d u r i n g  a column d ra in ing .  opera t ion .  

The packing was removed from the ,  column i n  l aye rs  s t a r t i n g  a t  the  

. . 
. top. There were  rio r a d i a l  p r o f l l e s  observed i n  f i l m  th ickness a t a n y  

he igh t  above the  feed po in t ,  and the  column d i d  n o t  appear t o  be plugged :: 

a t  any p o i n t .  F i l m  thicknesses were observed t o  be g rea te r  i n  the  lower 

regions o f  t he  coludn where ma te r ia l  a l s o  a ~ ~ u m u l a t e d  i n  the  cores of 

t he  packing m a t e r i a l .  . . 



CONCEPTUAL DESIGNS FOR TOTAL TREATMENT SYSTEMS 
. . 

Using p i  l o t - p l a n t  data .developed by ORNL and t h e i r  p ro fess iona l  

- experjence; AWARE developed engineer ing conceptual.  des igns .  f o r  t o t a l  

t reatment  systems based on the  ANFLOW b io reac to r .  These systems were 

designed t o  t r e a t  wastewater f low r a t e s  of  6.05 and 1 - 0 m g d  w h i l e  producing:  
. . 

an e f f  l 'uent  meeting. EPA' s 's'econdary t reatment  . requ i  rements . Design and 

o p e f i t i  ona l  c o n s i d e r a t i o n s '  were developed f o r  bo th  s t rong  arid weak waste- 

waters as de f i ned  i n  Table 1. AWARE summarized these cons idera t ions  i n  

a r e p o r t  t o  ORNL ( 3 )  and w i l l  p resent  them a t  a l a t e r  conference ( 4 ) .  

Table 1. . Wastewater c h a r a c t e r i s t i c s .  

Qua1 i t y  c h a r a c t e r i s t i c  St rong wastewater Weak wastewater 

TSS, P P ~  350 100 

VSS, ppm 275 70 

S e t t l e a b l e  so l  i ds ,  ppm 20 5 

BOD, ppm 300 100 

TOC, P P ~  300 100 

COD, ppm - * 1 ,000 250 

TKN, P P ~  8 5 20 

NH3-N, P P ~  5 0 12 

Temperature ( O C )  ,a 

Summer 20 2 0 

Winter  15 15 

a Raw. sewage' temperature. 

 he bas i c  design 'developed by AWARE i s  shown i n  F ig .  14. The 

design i n c l u d e s  pre t rea tment  and e f f l u e n t  p o l i s h i n g  f i c i l  i t i e s  common t o  

' . most convent ional  t reatment  technologies producing an e f f l  uent  meeting 
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EPAt.s. secondary t reatment  requ.i rements. These f a c i  1  i t'i es were designed 
. rn 

t o  complement the wastewater t reatment  processes oc 'curr i  ng i n  the  ANFLOW 

column. As . . wastewaters r . i se  cont inuous' ly through the  ANFLOW column, 
. - 

t reatment  i s  accompl ished by th ree  bas ic  mechanisms : g r a v i t a t i o n a l  

s e t t l i n g ,  b iophys ica l  f i l t r a t i o n ,  and b i o l o g i c a l  decomposit ion o f  
, . 

. . 

carbonaceous wastes. 'off-gases produced .by the  anaerobic processes are. 

expected t o  be a'pproximately 75% methane, w i th '  the  remainder being 

t y p i c a l  ly a mix tu re  o f  carbon d i o x i d e  and n i t rogen .  These of f -gases 

a re  recovered from a  vapor disengagement space above the l i q u i d  out f low 

i n  the  ANFLOW co l  umn. S l  udges by t h e  column (s low ly  o r  non- 

degrading so l  i d s  and excess ' b a c t e r i a l  popu la t ions)  a re  p e r i o d i c a l  l y  

removed by d r a i n i n g  the  contents o f  theANFLOW column i n t o  a  surge tank.  

A f te r  sett1.i ng occurs i n .  the  surge tank, 1  i qu ids -  a re .  recyc led  through 
. . 

g r i n d e r  pumps whjch feed the ANFLOW column. Sol i.ds a r e .  removed t o  d r y i n g  

. . beds o r  d i r e c t l y  t o  l and .  a p p l i c a t i o n ,  depending on the  f l o w  r a t e  of 

. . wastewater.being t rea ted .  
2  The ANFLOW column was s i zed  us ing  a  design HLR of .O.10 gpm/ft  , 

which corresponds t o  a  feed r a t e  o f  2800 gpd, and a  maximum HLR of 0.15 

gpm/ft2, which c  r re jphnds t o  a feed. r a t e  o f  4200 gpd. AWARE made these 

dec is ions  us ing  the  i n fo rma t ion  conta ined i n  F ig.  8. Based on data 

. ' obta ined s ince  AWARE'S study, ORNL would propose t h a t  a  design HLR o f  

2 0.25 gpm/ft -be  used t o  s i z e  ANFLOW columns. ~ h e " f e a s i b i 1 i t ~  o f  t h i s  

HLR, which corresponds t o  a feed r a t e  o f  7000 gpd, was shown i n  F ig.  9. 

  he e f f l u e n t  f rom the ANFLOW column may b e  subjected t o  re -ae ra t i on  . 
o r  chemical a d d i t i o n s  be fore  being f i l t e r e d .  Re-aerat ion i s  prov ided 

. . 

. . f o r  f u r t h e r  reduc t i on  i n  BOD associated w i t h  so iub le  organics,  f o r  . 



methane s t r i p p i n g ,  and f o r  c o n t r o l  of the d fsso lved 'oxygen content  i n  

the  fina.1 e f f luent . '  Chemical add i . t ion  may be: requi'red. when weak waste- 

waters a re  -being t r e a t e d  and f i n a l  e f f l u e n t s  a re  . requ i red  t o  con ta in  
. . 

l ess  than 15:p.pm of e i t h e r  BOD or.TSS.. Backwash from the  sand f i  1 t e r  
. . 

i s  s e t t l e d  i n  the surge tank and handled l i k e  the  drainage from the  

. .  ANFLOW column. , 

. . 

To a s s i s t  i n  eva lua t i ng  the  technology, AWARE developed comparisons 
. . 

between the. wastewater t reatment  system. based on an ANFLOW b i o r e a c t o r  

(F ig .  14) and,a  system .based on a ve rs ion  o f  t h e  a c t i v a t e d  sludge .process 

(F ig .  15) .  The designs were developed us ing  t h e i r  p ro fess iona l  experience 

and t h e i r  eva lua t ions  o f  t h e  ANFLO!J p i l o t - p l a n t  data developed by ORNL. 

ORNL had p rev ious l y  repo r ted  comparisons between an ANFLOW system and 

another vers ion  o f .  the  a c t i v a t e d  s l  udge process and between an ANFLOW 

system and t t ie  t r i c k l i n g  f i l t e r  process. (1,5).  

The comparisons developed' by AWARE f o r  cos ts  and energy consumption 

a re  summarized i n  . Tables . '2-5.  he comparisons' between 1 -mgd systems 
. . 

based on ANFLOW w i t h  1-mgd. systems based on a c t i v a t e d  sludge showed t h a t  

t h e  ANFLObJ system used 60% o f  t h e  energy used by the  a c t i v a t e d  sludge 

system when weak wastewaters were t rea ted ,  and 30% o f  t he  energy when 

s t rong was tew.a t e r s  were t r e a t e d .  For  0.05-mid sys terns, ANFLOW used 55% 

of t h e  energy used by a c t i v a t e d .  sludge when weak .wastewaters were t rea ted ,  

a n d 4 7 %  o f  the  energy when s t rong wastewaters were t rea ted .  

When .energy consumption terms necessary f o r  both the'.^^^^^^ and the  
. . 

a c t i v a t e d  sludge systems ( i  .e., screening, comminuting, pumping, c h l o r i -  . 

nat ion')  were excluded from these comparative analyses, and o n l y  areas of 





p o t e n t i a l  energy conse rva t i on  were con'sidered, t he  s i g n i f i c a n c e  of t h e  

ANFLOW devel  opment was h i  gh l  i ghted.  or 1 -mgd s y s  terns, ANFLOW used 

o n l y  6% o f  t h e  energy used by a c t i v a t e d  s ludge when weak"wa.stewaters 

were.  t r ea ted ;  f o r  s t r o n g  wastewaters, ANFLOW used o n l y  8% if t h e  energy 
. . 

used by a c t i v a t e d ' s 1  udge. . , For 0.05-mgd systems, ANFLOW used o n l y  152 

. . 
of t h e  energy used 'by  a c t i v a t e d  s ludge when weak wastewaters .were t r e a t e d ;  

f o r  s t r o n g  wastewaters, ANFLOW used o n l y  12% o f  t h e  energy used by a c t i  - 
' va ted  sludge.' Obvious ly ,  t h e  impor tance of t h i , s  energy conser 'vat ion w i  11 

i nc rease  i n  t h e  f u t u r e .  Notably., approx imate ly  86% o f  t he  wastewater 

t r ea tmen t  f a c i l  i ti es p r o j e c t e d  f o r  o p e r a t i o n  i n  t h i s  coun t r y  i n  1983 

w i l l  t r e a t  1 . 0  mgd o r  1  ess. I n  t o t a l  c o s t  analyses,  t he  r a t i o  o f  energy 

c o s t s  t o  c a p i t a l  and o p e r a t i  ng c o s t s  wi 1 1  d l  so o b v i o u s l y  inc rease .  I t  

, 
should be p a r t i c u l a r l y  n o t i c e d  from t h e  analyses descr ibed  above t h a t  

t h e  energy  recovered f rom methane p r o d u c t i o n  (40% convers ion  e f f i c i e n c y  

t o  e l e c t r i c i t y )  i n : t h e  1-mgd p l a n t  was more than  t h e  energy . r e q u i r e d  .. t o  

, ope ra te  t he  plant'. 

From Table 2 i t  can be' seen t h a t  t h e  t r ea tmen t  sys tem based on t h e  

ANFLOW b io rea 'c to r  r e q u i r e d  a lower  cap i  t a l  investment .  than t h e  a c t i v a t e d  
- 

s ludge system f o r  a  des ign  f low r a t e  o f  0.05 mgd. It can a l s o  be no ted  

from  able 3 t h a t  approx imate ly  36% o f  t h e  c a p i t a l  c o s t  of  t h e  ANFLOW. .' 

. . . system .was assoc ia ted  ' w i t h  t h e  column' and pack ing  m a t e r i a l .  S ince t h e r e  

' i s  no economy. of  sca le  associ .ated w i t h  t h e  packed column .as des ign  f l o w  .. 

r a t e s  , a re  increased,  t h e r e  w i l l  be appa ren t l y  be a' maximum wastewater 
. . 

f low r a t e  which can be economica l l y  t r e a t e d  w i t h  ANFLOW systems. A t  a  

des ign  f low r a t e  of 1  mgd, as seen i n  Tab le  4 ,  t h e  c a p i t a l  cos t s  f o r  an 

ANFLOW system were g r e a t e r  t h a n  those f o r  an a c t i v a t e d  s ludge system. 

However, as seen from Table 5, approx imate l 'y  60% o f  'ANFLOW c a p i t a l  cos t s  
. . 



Table 2. 
con1parati"e c a p i t a l  cost,  labor,  and power requirements 

f o r  a 0.05-mgd. t rea tn~erlt sys teln 

- 
CapTt~ l lcos t 0 ~ ~ 7 a b u r  requ.i re~nents -- Power requirements - - 

(nlan-hr/yr ) ---- -- 
ANFLOW . Act ivated . ANFLOW . Act ivated ( k ! ? ) .  ANFLOW . '  Act lvated 

. . Syste~n . . Sludqe . - Syste111. Sludge .Sys.tein : . : Sludqe 
- ~ n i  t process ' Low I i igh Low High Low High -- -. Higll Low High Low High 

8 0 0 ~  8 0 0 ~  8 0 0 ~ .   BOD^  BOD^ OOrlb  BOO^ 800b . 800a 800a 
. . ..' 

Pre l iminary  treatment 
Screening 
Flow measurenlent. 1 5 0 0 .  15000 15000 ,5000. 3 , 3 0  .300/ mil ,1..33/ 1.331 1.331 
Gr l  t c o l l e c t i o n  
Co~mninu t o r  5000. 5000 5000 5000. 
Punlpi ng 4000 4000 2500 2500 . 50 50 25 2 5 0.95 0.95 0.95 0.95 

' Equa l i za t i on  . 30000 30000 30G00 30000 175 175 175 175 , 0.95 0.95 0.76 0.76 Primary c l a r i f i c a t i o n  - -- 
Subtotal  - -  

. . ,54000 54000 52500 -575. 525 , 500 - 500 3.23 3,23 . .3.OT T3.W 
. . . I B i o l o g i c a l  treatment . . 

Packed column . 77300 77300 
' Re-aeration & surge tanks 15000 15000 350) 4501 200 

0.76) 0.95) 
275 ' 

Aerat ion L c l a r i f i c a t i o n  . 80000 12000C .' 
Subtotal  - - - -- 1.9'0 3.81 -- - 92300 ' 92300 T O W  T'ZiiT 350 - 4 50 200 275 0.76 0.95 1.90 3.81 ' . 

E f f l u e n t  p o l i s h i n g  
Ch lo r ina t ion  22500 , 22500 22500 ,225OC 110 110 I 1 0  110. 0.38 0.38'  0.38 0,38 
Gradular media f i l t r a t i o n  30000 30000 30000 - --  133 -- 133 133 -- -- 0.76 - 0.76 0.76 
Subtotal  . 52500 . 52500 52500 , 22500 - 24 3 24 3 243 , 110 . 1 . 1 4 .  . 1 . 1 4 . .  0.30 

Sludge hand1 i ng 
. . 

G rav i t y  th i cken ing  
Aerobic d iges t ton  
Sand d ry ing  beds 
Subtotal  , . 

Tota l  (process costs)  

.' Other (costs)  
- Tota l  (system costs)  

-- 
213800 223800 242500 272500 1380. i 3 h  'Em - - - -- 5.13 5.32 9.31 11.42 
106900 11 1900 121250 136250 = =  \ 

320700 335700 363750 400750 . 
. . .  

aEf f  l u e n t  requ i  renlents o f  15 vg/ I i t e r  BOO B 'TSS Note: ANFLOW power costs : m e  no energy recovery. -- 
b ~ f f l u e n t  requ l renrnts  o f  30 ug/ l i t e r  BOO L TSS ANFL.OW colull~rl costs fo r  3-411. p l a s t i c  r i n g .  ' ' 



Table 3. 
Co~~~para  t i v e  cap i  t a l  cost ,  labor ,  and power perce~itages 

f o r  a 0.05-n~gd t rea  tnlen t sys tell1 

. . 
. . 

. . - -. - - . - - . - -. -- - 
,Capi ti11 cos t  OBFI. L a b o ~  reclu i ralllents 

(Z )  ' 

Power requirements 
- - -  (%)  

ANFLOW Act iva ted ANFLOW . A c t i v a t e d  ANFLOW ' Ac t i va ted  
. . System Sludge . ' Systecll .. Slucge Sys tem - . Sludge 

U n i t  process Low. ' l l i gh  Low Higl i  ' 

. . 
Low Ilic~11 Low . H i  q.11 Low High Low I t igh 

BOD BOD BOD . BOD Boo-!!!?!?..-..- BOO BOD BOD BOD BOO BOD 

Pre l im ina ry  Trea tnlent 
Screening 
Flow nieasurenent 7.0 6.7 6.2 5.5 21.6 19.0 19.5 20.1 25.9 25.0 14.3 11.6 
G r i t  c o l l e c t i o n  
Con~ninu t o r  2.3 2.2 2.1 ' 1.8 
Puntpi ng 1.9 1.1 1.0 0.9 3.6 3.1 1.6 1.7 18.5 17.8 10.2 8.3 
Equa l i za t i on  14.0 13.4 12.3 11.0 12.6 11.1 11.4 11.8 18.5 17.8 8.2 6 .7  
Primary c l a r i f i e r  
Subtotal  zz? 23.4 21.6 19.2 - - - - - - 

32.5 3 3 6  
-- - 

37.8 33.2 62.9 60.6 32.7 26.6 

B i o l o g i c a l  treatment 
Packed column 36.3 35.3 25.2 20.6 14.9 17.8 
Re-aerat lon A surge ' tank 7.0 6.7 
Aerat ion L c l a r i f i c a t i o n  -- - 33.2' 44.2 - - 13.0 10.5 20.4 . 33.4, 
Subtota l  ' . 43.3 42.0 33.2 44.2 - 25.2 20.6 . 13.0 18.5 14.9 I-E'n - .20:4 33.4 

E f f l uen t  p o l i s h i n g  
C h l o r i n a t i o n  10.5 10.0 9.3 8.2 7.9 7.0 7.1 7.4 7.4 7.4 4.1 3.3 
Granular media f l l t r a t i o n s  14.0 13.4 12.3 9.6 8.4 8 .6  14 8 14.2 8.2 
Subto ta l  24.5 23.4 21.6 8.2 17.5 133 '15.7 -7.4 22.2 21.6 -- - 

12.3 3.3 

sludge'  hand1 i n g  
. . G rav i t y  t h i c k e n i n g  . . 2.2 6.4 ' 5.9 6.0 4.1. 3.3 

Aerobic d i g e s t i o n  8.2 14.7 ' 0 . 7  , 1.3 30.5 33.4 
.Sand d r y i n g  beds 7.0 11.2 - 8.2 7.3 . 19.5 22.8 32.2 33.2 
Subtotal  .7.0 11.2 23.6.28.4 . m  22.8 35.8 453 - - - ,- 

O'.O 0.0 . 34.6 36.7. 

. Tota l  . 100.0 100.0. 100.0, .Tom Trim imx 'IW im-0 100.0 100.0 lam m, 



Table 4. 
Comparative c a p i t a l  cos t ,  l abo r  and power requ i re~nents  

f o r  a I .O-mgd treatment sys tell1 

- - - . .-- 
C a p i t a l  . ;~s t  08FI Labor reclui r e ~ ~ ~ e n t s  Power requ i  recneri t s  

( $ 1  PA.- (ntarl-hrlyr) - . _ ( k W )  
. ANFLOW . Ac t i va ted  ANFLOW. . . Ac t i va ted  : ANFLOW . . Ac.t i  vat'ed . 

Sys tern S lud je  . ' System Sludce System.-. . '  Sludqe - 
U n i t  process " Low High Low Highb . Low HigIi Low I l ighb I.OW t l i g 1 1 ~  . Lorr High,, 

0 0 0 ~  0 0 0 ~  OOoa BOO BOoa Boob. BOba BOO Booa BOO BO$ BOO . . 

P re l im ina ry  t reatment 
Screening 
Flow measurement 
G r i t  c o l l e c t i o n  
Commi nutor :  
Pu~npi ng 
E q u a l i z a t i o n  
Pr imary c l a r i f i c a t i o n  
Subto.tal 

~ i ' o l o g i c a l  ' t rea tntent 
Packed co 1 umnc 
Re-aerat ion S sur  e tanks 
Ae ra t i on  6 c l a r i  f q c a t i o n  
Subto ta l  

841 ioo 
.,I 00000 

~ f f l u e n t  p o l i s h i n g  . . 
f h l o r i n a t i . o n  75000 75000 
Granu,lar media f i l t r a t i o n s  200000 200000 -- 
Subtota l  . 275000 275000 

Sludge hand l ing  ' 

Gravi  t y  t h i cken ing  
Aerobic d i o e s t i o n  
Sand d r y i n i y b e d s  
Subto ta l  

-- 
,Tota l  (process cos ts )  1468600 1634000 
Other ( cos t s )  -- 734300 . 81 7000 .- - 

- Tota l  (system cos ts )  .. .2202900 2451000 

Tota 1 (energy requ i  ren;en t s )  w i t h  power recovery - -- 
b E f f l u e n t  requ i re l lan ts  o f  30 p g / l i  t e r  BOD 6 TSS. cos ts  f o r  3-  i n .  p l ~ s t i c  r i n g s .  



Table 5. 
Con~parative capi t a l  cost,  labor,  and power percerltages 

f o r  a 1.0-mgu t rea  tnlent sys tell1 

. . 
. . ------ - 

Capita l  cos t  ORM la l ror require111ent.s Power requ l  rements 
(Z) --- (").  ( X I  .- 

AElFLOW . Act ivated ANFLOW Act ivated A!IFI.OW Ac 1 i va te'd 
Sys te~n Sl udqe Systela . 51 trdqe Sy's tem . - Sludge 

Uni t proce.5~ " Low High Low . High L o w .  . tow t - i g h . .  Low , . l l i g h .  . L O W  . l l ig l i  
BOO BOD BOD 800 800 BOIL BOD .-BOO BOO B0.0 BOO. BOD - 

Peel iminary  treatment 
Screen1 ng 
Flow measurement 
G r i t  collection 
Com~li nu t o r  .1.2 ,1 .1  1.6 1.4 3.0 2.9 47.0 . '45.7 16.8-  , 7.8 . . , 

2.0 1.8 0.9 0,s 7.2 6.2 Pump 1 ng 
6.5 5.8 ' 8.9 7.6 12.6,  10.8 10.5 10.0 23.9' 22.8 14.0 6.5 

Equal izat ion 
- -- u . L L  - - 94 8.6 . ,-- - 9.9 4.6 . . 

Prlniary c l a r i f i e r  
13.4 12.1 27.7 23.9 37.0 32.4 37.5 35.9 78.4 74.9 Tax .?!in., 

Subtotal  

Biological treatment 
28.8 30.0 57.3 58.3 4.8 . 9.1 

Packed column 
6.8 6.1 . . '  Re-aerat lon L surge tanks 

L PLJi 3 !- 39.6 - - 28.2 39.2 " 
Aerat ion b c l a r i f i c a t i o n  -- - 

64.1 64.4 . 32.7 41.5 -%m 333 30.1 39.6 4.8 9.1 28.2 39.2 
Subtota l  

E f f l u e n t  p o l i s h i n g  
5.1 . 4.6 7.0 6.0 '5.6 4.0 1.7 4.4 . 2.4 2.3 1.3 0.7. Ch lo r ina t ion  

13.6 12.2 ' - -  18.6 18.0 Is.1 . 15.0 - -U J3.L _L!l.- - Granular media f i l t r a t i o n s  
18.7 ' 16.8 25.6 6.0 23.6 20.2 19,7 4.4 16.8 16.0. 9.8 0.7 Subtotal  ' . . 

Sludge hand1 i n g  . 2.0 3.2 2.3 3.2 0.6 0.3 
Grav i t y  th ickenlng 0 . 5  1.4 7.5 16.1 16.0 39, l  
Aerobic d lges t lon  . . 
Sand d ry lng  ,beds .3.8 6.7 - 4.2 -- 9.3 9.0 ' 16.6 -- 10.2 15.5 - -  - --- -- - 

3.8 6.7 - 14.0 28.6 .9.8 16.6 12.7 '  20.1 . 0.0 0.0. 17,4 39.4 
Subtotal  - .- - -  -- -- -- -- 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Tota l  



wereassoc ia ted  w i t h  the  column and packing a t ' t h i s  f low r a t e .  Since 

.. ' it i s  a n t i c i p a t e d  t h a t  c o n t i n u i n g  development. o f  t he  process w i  11. resu l  t 

i n  .basing fu tu re  designs, on an HLR t h a t  i s  approximate ly  tw ice  the  value 
. . 

'used i n  these analyses, the  costs o f t h e  ANFLOW column and packing c o u l d  
. . .  

be reduced. F i n a l l y ,  i t  should be n o t e d . t h a t  even us ing  the .conse rva t i ve  . 

costs g iven i n  ~ d b l e  4, t h e  t o t a l  annual cos ts  (amort ized c a p i t a l ,  l abo r  

and o p e r a t i n g  cos ts )  f o r  ' t h e  ANFLOW system' were ' $297,000 compared t o  

$306,000. f o r .  the a c t i v a t e d  s.lud& system. 

COMC,LUS IONS 

The development of an energy-conserving wastewater t reatment  system 

based on a  f i x e d - f i l m ,  anaerobic b io reac to r  has .been purs'ued through 2 

. . years of p i l o t - p l a n t  work by Oak Ridge Nat iona l  ~ a b o r a t o r ~ .  As a  r e s u l t ,  

conceptual designs f o r  1  arge-scal e  t reatment  sys tens have been developed 

and analyzed. These sy.sl;ems meet t h e  EPA's standards f o r  secondary . 

t reatment,  r e q u i r e  s i g n i f i c a n t l y  l ess  energy t o  operate than convent ional  

systems, and ' i nco rpo ra te  i n  t h e i r  de'si gn t h e  recovery o f  s i g n i f i c a n t  

q u a n t i t i e s  o f  the methane produced by the ana'erobic. decomposi t i o n  o f  

carbonaceous wastes. They have a1 so demonstrated both  s i m p l i c i  ty and 

inhe ren t  s t a b i l i t y  i n  t h e i r  ope ra t i on .  Pro jec ted  a p p l i c a t i o n s  f o r  the  
. . .  

t reatment  of wastewater f low r a t e s  as h i g h  as 1  mgd encompass approximately 

86% o f  ,pub1 i c a l l y  owned t reatment  works i n  th is . .  country .  ORNL i s  

p resen t l y  p lann ing  a  50,000-gpd demonstrat i  on p r o j e c t  to '  i n v e s t i g a t e  and 
# 

enhance p o s s i b i l  i t . ies  f o r  commerc' ial izat ion of t h i s  new technology. 



. . 
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