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NOTICE 

T h i s  r e p o r t  was p repared  a s  a n  account  of 
work sponsored  by an agency of t h e  Uni ted  
S t a t e s  Government. N e i t h e r  t h e  Uni ted  
S t a t e s  nor  any agency t h e r e o f ,  nor  any of 
t h e i r  employees,  makes any w a r r a n t y ,  
e x p r e s s e d  o r  i m p l i e d ,  o r  assumes any l e g a l  
l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  any t h i r d  
p a r t y ' s  u s e  o r  t h e  r e s u l t s  of such u s e  of 
any i n f o r m a t i o n ,  a p p a r a t u s ,  p r o d u c t ,  o r  
p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t ,  o r  
r e p r e s e n t s  t h a t  i t s  u s e  by such  t h i r d  p a r t y  
would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  



ABSTRACT 

Two s p e c i a l l y  s e l e c t e d  mixing systems were t e s t e d  and e v a l u a t e d  t o  
d e t e r m i n e  how e f f e c t i v e l y  t h e y  cou ld  p r e v e n t  t h e  f o r m a t i o n  of f i b r o u s  mats 
and s t r i n g e r s  d u r i n g  t h e  a n a e r o b i c  d i g e s t i o n  of a  s l u r r i e d  mix ture  of 
p r e p r o c e s s e d  m u n i c i p a l  s o l i d  was te  and sewage s l u d g e  t o  produce methane gas. 
The t e s t s  were conducted i n  a  modi f i ed  10.7-m ( 3 5 - f t )  d i a m e t e r ,  nominal 
3 7 8 , 0 0 0 - l i t e r  (100,000-gal)  c a p a c i t y  c o n c r e t e  v e s s e l  i n  t h e  F r a n k l i n ,  Ohio, 
e n v i r o n m e n t a l  complex. T h i s  complex i n c l u d e d  two p l a n t s  t h a t  c o l l e c t i v e l y  
p rov ided  t h e  s o l i d  waste/.sewage s l u d g e  f e e d s t o c k .  One o f  t h e  two mixing 
sys tems  was a  mechan ica l  a g i t a t o r - - a  v e s s e l - c e n t e r e d  r o t a r y  s h a f t  w i t h  f o u r  
b l a d e s  a t  each of two l e v e l s  t o  d r i v e  t h e  s l u r r y  downward. The . second  system 
i n c l u d e d  t h r e e  e q u i d i s t a n t l y  p laced  gas  gun a s s e m b l i e s  t h a t  each  produced 
b u b b l e s  a t  a  c o n s t a n t  r a t e  t o  draw t h e  s l u r r y  upward. 

Between August 1977 and September 1978, n i n e  t e s t s  were conducted w i t h  
3 : l  and 9 : l  s o l i d  was te l sewage  s l u d g e  r a t i o s  and w i t h  4 ,  7 ,  and 10 p e r c e n t  
t o t a l  s o l i d s  i n  t h e  f e e d s t o c k .  Though t h e  m i c r o b i a l  c u l t u r e  was h e a l t h y  i n  
most t e s t s ,  t h e  mixing sys tems  were n o t  e f f e c t i v e  i n  p r e v e n t i n g  e x c e s s i v e  
f i b r o u s  mat and s t r i n g e r  fo rmat ions .  These f o r m a t i o n s  o c c u r r e d  because  of 
t h e  h i g h  c e l l u l o s i c  c o n t e n t  of t h e  f e e d s t o c k .  The t e s t  w i t h  t h e  b e s t  energy 
r e c o v e r y  had a  g a s  p r o d u c t i o n  of 805 l i t e r s l k g  of v o l a t i l e  s o l i d s  des t royed .  
However, t h e  e n e r g y  recovered  w a s  on ly  50 p e r c e n t  of t h e  energy  a v a i l a b l e  i n  
t h e  s o l i d  w a s t e ,  and o n l y  f o u r  t imes  g r e a t e r  t h a n  t h e  mixing energy  expended 
f o r  t h a t  t e s t .  

The s o l i d s  accumula t ions  were g e n e r a l l y  t h e  same f o r  t h e  two mixing 
sys tems  when t h e y  had common t e s t  c o n d i t i o n s .  I n  a l l  t e s t s ,  t h e  p e r c e n t  
s o l i d s  f o r  t h e  t o p  l e v e l  were h i g h e r  t h a n  t h o s e  f o r  t h e  middle  and bottom 
l e v e l s .  A s  t h e  f e e d  r a t i o  and t h e  p e r c e n t  s o l i d s  i n  t h e  f e e d s t o c k  were 
i n c r e a s e d ,  t h i s  d i f f e r e n t i a l  became p r o g r e s s i v e l y  more pronounced. Moreover, 
t h e  p e r c e n t  of v o l a t i l e  s o l i d s  ( i n  a  g i v e n  amount of t o t a l  s o l i d s )  f o r  t h e  
t o p  l e v e l  became d i s p r o p o r t i o n a t e l y  h i g h e r  t h a n  t h o s e  f o r  t h e  o t h e r  two 
l e v e l s .  

T h i s  r e p o r t  was s u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  of C o n t r a c t  .a .< 

! Number ~ ( 4 0 - 1 ) - 5 1 7 5  by Systems Technology C o r p o r a t i o n  (SYSTECH) under  t h e  
s p o n s o r s h i p  of t h e  U.S. Department of Energy. T h i s  r e p o r t  c o v e r s  t h e  pe,riod . 

September 22,  1976, t o  A p r i l  30,  1979. 
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SECTION 1 

EXECUTIVE SUMMARY 

The bioconversion of municipal solid waste through anaerobic digestion 
has been considered promising for energy recovery. The prime product is 
a medium-Btu gas consisting of methane and carbon dioxide which can readily be 
cleaned and upgraded to a pipeline quality. By-products can be cattle feed, 
soil amendment materials, or a dry refuse-derived fuel. 

Researchers have concluded that before the anaerobic digestion can 
function adequately, three waste preprocessing steps are required: (1) The 
separation of inert materials such as metals and glass from the waste, 
(2) the shredding or milling of the remaining waste, and (3) the slurrying of 
the shredded waste in water to produce a suitable medium for the growth of 
the mixed bacterial culture that will convert the organic materials into 
methane . 

Even with such a preprocessed waste, a major problem remains; namely, the 
tendency of the solids to coalesce into floating fibrous mats. Since the 
microbes that perform the anaerobic digestion can live only in a liquid 
medium, any solids entrapped in a dry part of the mat cannot be subject to 
bioconversion. 

A prime cause of solids coalescing and accumulation is the high 
cellulose content of municipal solid waste. Cellulose is the main part of 
the cell walls of plants. The disintegration of the cellulose fibers requires 
first the separation and exposure 0.f their fibrils; second, attack the fibrils 
to break their molecular bonds; and third, the digestion of the resulting 
short-chain molecules by the microbes. Though the mixing of a slurried, 
preprocessed municipal solid waste may.promote these operations, it also has 
the opposing effect of causing separated fibrils to coalesce into stringers 
and mats. The mats rise to the fluid surface in the form of large scum 
accumulations, and the stringers interfere with the mixing equipment and 
retard the slurry mixing, and consequently, the enzyme and bacterial contact 
with the substrate. 

To investigate how specially selected slurry mixing could prevent the 
formation of the fibrous mats and stringers and thereby ensure the desirable 
conditions for methane production, the U.S. Environmental Protection Agency 
(EPA) and the U.S. Department of Energy (DOE) jointly .funded Systems 
Technology Corporation (SYSTECH) to test and evaluate two mixing systems in an 
available digester .vessel. 0n'e system was a mechanical agitator--that is, a 
vessel-centered rotary shaft with four blades at each of two levels. The 



. . 

second system was made up of three equidistantly placed gas gun assemblies 
that each produced bubbles at a constant rate to draw the slurry upward. 

The available digester was a 10.7-m(35-ft) diameter concrete vessel 
whose floating roof was secured at the mid height of. its' 7.6-m (25-ft) high 
sidewalls to provide a nominal 378,000LISter (100,000-gal) capacity. 
Situated in Franklin, Ohio, the digester was in an environmental complex 
that included two public waste treatment plants. One plant supplied the 
preprocessed solid waste having the characteristics (a low solids content 
slurry of small, relatively inert-free particles) suitable for a municipal 
solid waste anaerobic digester. The other plant produced a sewage sludge. 
Both waste streams had about 4 percent total solids. Since the sewage sludge 
had a much higher nutrient and microbial content than the solid waste, the two 
waste streams were mixed to provide a better feedstock. 

As prescribed by the EPA and the DOE, each mixing system was to 4be tested 
under a common set of six conditions, with the variables being 3:l and 9:l 
solid waste-sewage sludge ratios; 4, 7, and. 10 percent total solids; and - 
11- and 22 112-day hydraulic retention times (HRT). The 1oading.rate was a 
function of the tota1,solids percentage and the HRT. Four of the six condi- 
tions were the 3:l and 9:l ratios with the 4 percent total solids and with 
both the 11- and the 22 112-day HRT. The remaining two conditions were the 
9:l ratio with the 7 and 10 percent total solids, but with only the 
22 112-day HRT. 

To provide the 7 and 10 percent total solids, a screw dewaterer 
(hydrodensor) was installed beside the digester vessel. When the 4 percent 
total solids of the feedstock was fed to the hydrodensor, the output was a 
constant 18 percent total solids. Consequently, the hydrodensor and original 
feedstock streams were proportioned to yield the 7 and 10 percent total 
solids. 

Earlier studies performed by SYSTECH had shown that once a healthy 
culture of microbes is established, their health can be retained through 
changes in mechanical operating conditions (e.g., mixing type or total solids 
content) with very minimal acclimation periods. The test schedule thus was 
planned based on this knowledge. 

Of 12 tests planned, only 9 were performed because of the poor results 
from test 3, the first test with an 11-day HRT. In this test, the total 
solids accumulations at the top level of the vessel were excessive, and the 
microbial culture throughout the vessel was not healthy, as indicated by the 
high ratio of volatile acids to alkalinity and the gas composition data. 
Consequently, the remaining three tests with the Iower HRT were cancelled. 
Table 1 summarizes in chronological order the operating conditions for the 
nine tests. 



Hydraul ic  
r e t e n t i o n  Loading r a t e  T o t a l  s o l i d s  

Tes t  Feed r a t i o  . t i m e  (g of v o l a t i l e  s o l i d s /  i n  feed  
'Number Mixing mode (MSW: sewage ' s ludge)  (days 1 R per  day) (%> , 

1 Gas 

2 .  Mechanical 

3 . . 
,:. Gas 

4 Gas 

6 Mechanical 

7 Gas 

.. 8 ' Gas 9 : l  

9 Mechanical ' .  9 : l  



SECTION 2 

SUMMARY AND CONCLUSIONS 

A summary of t h e  most s i g n i f i c a n t  f i n d i n g s  i s  given i n  t h i s  s e c t i o n .  

M I X I N G  PHENOMENA 

With both t h e  gas  and t h e  mechanical mixing system, s o l i d s  accumulated 
and scum formed i n  a l l  n i n e  t e s t s .  The s o l i d s  accumulat ions and scum 
formation developed more r a p i d l y  and e x t e n s i v e l y  a s  ( 1 )  t he  r a t i o  of s o l i d  
waste  t o  sewage s ludge  i n c r e a s e d ,  ( 2 )  t h e  h y d r a u l i c  r e t e n t i o n  time decreased ,  
and ( 3 )  t h e  pe rcen t  of t o t a l  s o l i d s  i nc reased .  Of t he se  v a r i a b l e s ,  t h e  
r a t i o  i nc rease  was t h e  most s i g n i f i c a n t .  

I n  t he  f i r s t  two tests wi th  t h e  lowest f eed  r a t i o ,  v o l a t i l e  s o l i d s  
load ing  r a t e ,  and t o t a l  s o l i d s  percentage f o r  each of t h e  two mixing modes, 
t h e  conten ts  were l e s s  v i s cous ,  had b e t t e r  pumping and handl ing q u a l i t i e s ,  
and coalesced less than  t h e  con ten t s  i n  t h e  l a t e r  t e s t s .  Though t h e  b e t t e r  
mixing performance du r ing  t h e s e  t e s t s  was a t t r i b u t e d  p r imar i l y  t o  t h e  lower 
s o l i d  waste con ten t ,  i t  was a l s o  due t o  t h e  o p e r a t i o n  of t h e  scum breaker  
pump during t h e  t e s t  per iods .  I n  t h e  t h i r d  tes t ,  which was i n  t h e  gas  mixing 
mode, t h e  feed r a t i o  and percent  t o t a l  s o l i d s  remained the  same a s  i n  t h e  
f i r s t  two t e s t s ,  but t h e  HRT was reduced from 22 112 t o  11 days. Note t h a t  a t  
a  cons tan t  t o t a l  and v o l a t i l e  s o l i d s  con ten t ,  t h i s  r e s u l t s  i n  a.concommitant 
i n c r e a s e  i n  v o l a t i l e  s o l i d s  load ing  r a t e .  The r e s u l t s  of t h i s  t e s t  i n d i c a t e d  
t h a t  t he  b a c t e r i a l  c u l t u r e  h e a l t h ,  a s  measured both  by t h e  r a t i o  of v o l a t i l e  
a c i d s  t o  a l k a l i n i t y  and t h e  r a t i o  of methane t o  carbon d ioxide ,  had s o  
d e t e r i o r a t e d  and t h e  d i g e s t e r  f l u i d / s o l i d s  mixing was s o  poor t h a t  t h e  
mechanical mixing system was no t  t e s t e d  a t  t h e  s h o r t e r  HRT. The o r i g i n a l  
22 112-day HRT was resumed a f t e r  t h e  t h i r d  test  and maintained throughout  t h e  - 

remaining s i x  t e s t s .  

A s  t he  samples taken  from t h e  t o p  l e v e l  i nc reased  i n  t o t a l  s o l i d s  
concen t r a t i ons ,  they had a  d i s p r o p o r t i o n a t e l y  h ighe r  v o l a t i l e  s o l i d s  
percentage compared w i t h  t hose  f o r  t h e  samples taken  a t  t h e  lower l e v e l s .  
Consequently, a s  more s o l i d s  accumulated a t  t h e  t o p  a n d , s t i l l  more v o l a t i l e  
s o l i d s  became en t rapped ,  a  p rog re s s ive ly  l e s s e r  amount of s o l i d s  were sub jec t  
t o  degrada t ion  s i n c e  t h e  v o l a t i l e  s o l i d s  a r e  t h e  s u b s t r a t e  f o r  t h e  
microorganisms. 

The amounts of t h e  s o l i d s  accumulat ions and scum formations were g e n e r a l l y  u t h e  same f o r  t h e  two mixing'sy,stems i n  t h e  s u c c e s s i v e  pa i r ed  tests wi th  t h e  
common s e t  of v a r i a b l e s  f o r  t h e  two systems. The gas  n i x i n g  mode caused t h e  
c e l l u l o s i c  m a t e r i a l s  t o  r i s e  and coa l e sce  uniformly over  t h e  s u r f a c e  a r e a ,  

4 



while the mechanical mixing mode produced a toroidal flow pattern (down- 
ward flow in center and then out along the floor and upward near the walls) so 
that the material accumulations were toward the digester sidewalls. 
Consequently, the solids/scum configurations in the gas mixing mode were 
generally constant depth layers, and those in the mechanical mixing mode were 
generally characterized by an evenly distributed floating mass whose depth 
formed an arc extending downward from near the top of the vessel center to the 
sidewalls. Figure 1 depicts the two configurations. 

In all tests in the mechanical mixing mode, the mechanical agitator 
became imbalanced as cellulosic stringers formed on its shaft. In the later 
tests, the increased shaft imbalance caused the shaft to bend. In addition, 
the shaft blades became twisted and some of their attachment bolts broke. 
Also, in the later tests, solids accumulations in the gas gun assemblies 
progressively diminished the bubbles to the extent that they no longer 
produced the mixing effect. 

ENERGY PRODUCTION 

Of the nine tests, the best mixed and the one whose mass balance 
indicated almost no solids accumulation and best gas production was the second 
test. In this test, the gas production per kilogram of volatile solids 
destroyed was 805 liters, which is very reasonable for a healthy digester. 
However, the total energy in the methane produced was only 1200 1cW-hr per day. 
The mixing equipment utilized in this particular test (assuming full load 
operation, but ignoring power generation efficiencies) was 300 kW-hr or 
one-fourth of the energy produced. Considering the additional energy required 
for preprocessing the municipal solid waste and for pumping and heating the 
digester contents (as well as the additional energy required to truly mix the 
digester contents), even a well mixed anaerobic digester with current 
technology would not be economically viable as a means of recovering energy 
from municipal solid waste. 

HEALTH OF MICROBIAL CULTURE 

Except for the third test, the ratio of the volatile acids to allcalinity 
in the digester samples and the ratio of methane to carbon dioxide in the 
product gas throughout the test period indicated that the microbial cultures 
in the solid waste-sewage sludge mixtures were healthy with a good balance of 
acid and methane formers. Therefore, the difficulty in degrading the 
municipal solid waste in the current study was due to the physical 
characteristics of its cellulose content and the inadequate mixing and 
consequent entrapment of much of the volatile solids, and not to any failure 
in establishing a healthy microbial culture. 

GRIT-INDUCED FAILURES 

Although a liquid cyclone purportedly removed the metals and grit 

I --. * 

fraction from the slurried solid waste during its processing, the 
as-received solid waste stil1"had a grit content that severely abraded and 
eroded the moving parts of equipment in the digester processing stream. This 
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I Figu re  1 . Scum l a y e r  s o l i d s  con£ i g u r a f i o n s  i n  mechanical  I , 

and gas  'mixing modes. 
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d e t e r i o r a t i o n  was p a r t i c u l a r l y  ev idenced  by t h e  scum b r e a k e r  pump i n  t h e  
d i g e s t e r  and t h e  Moyno pump i n  t h e  mani fo ld  w i t h i n  t h e  c o n t r o l  b u i l d i n g .  

At l e a s t  t h r e e  t imes  d u r i n g  e a c h  of t h e  n i n e  t e s t s ,  t h e  g r i t  so  s e v e r e l y  
damaged t h e  scum b r e a k e r  pump t h a t  b e a r i n g s  o r  moving p a r t s  f a i l e d .  
S i m i l a r l y ,  t h e  g r i t  s o  damaged t h e  r o t o r  and s t a t o r  i n  t h e  Moyno pump t h a t  
t h e y  g e n e r a l l y  had t o  be r e p l a c e d  w i t h i n  30 days.  Al though s e v e r a l  m a t e r i a l s  
were s u b s t i t u t e d  f o r  t h e  pump p a r t s ,  t h e y  proved u n s u c c e s s f u l  and t h e  r o t o r  
and s t a t o r  l i v e s  con t inued  t o  be o n l y  a b o u t  30 days. 

T h e r e f o r e ,  even i f  t h e  energy  p r o d u c t i o n  became economica l ly  f e a s i b l e  
w i t h  r e s p e c t  t o  t h e  energy i n p u t ,  e i t h e r  t h e  g r i t  would have t o  be minimized 
o r  t h e  d i g e s t e r  p r o c e s s i n g  equipment would r e q u i r e  a b r a s i o n  r e s i s t a n t  s l u r r y  
pumps. 



SECTION 3 

RECOMMENDATIONS 

Before anaerobic digestion may become economically viable as a means for 
recovering energy from municipal solid waste, the energy output must be 
greater and the energy input must be less than those in the current test 
program. The .crux of the problem is the difficulty in degrading the 
cellulosic materials. 

When the slurried solid waste/sewage sludge combination was mixed to 
separate and expose the cellulosic fibrils to enzymatic attack,.the mixing 
also produced the contradictory effect of coalescing, rather than separating, 
the detached fibrils. Therefore, to approach the economic viability of 
recovering energy from municipal solid waste by anaerobic digestion, two 
methods are proposed: 

1. Operate a digester without mixing in a mode similar to the plug 
flow digesters currently being evaluated in DOE-sponsored programs 
that utilize cow manure as a feedstock. 

Before subjecting the waste to microbial digestion, hydrolyze 
the cellulose content of the feedstock by an acid pretreatment as 
described by Brenner, et a1.l or by an enzyme pretreatment as 
described by Gaden, et ale2 The .latter pretreatment is similar to 
the process now being evaluated as a posttreatment by SYSTECH under 
a DOE contract. These pretreatments would also allow screening the 
feedstock to remove the abrasive grit in the feedstock slurry that 
proved so damaging to the moving parts in the equipment used during 
the current study. 

Brenner, W., B. Rugg, C. Rogers. Utilization of Waste Cellulose for 
Production of Chemical Feedstocks via Acid Hydrolysis. In: Symposium 
Papers, Clean Fuels from Biomass'and Wastes, Institute of Gas Technology, 
January 25-28, 1977. 

I , --. . * Gaden, E. L., Jr., M. H. ~indels, E. T. Reese, L. A. Spano, editors. 
Enzymatic Conversion of Cellulosic Materials: Technology and Applications. 
John Wiley and Sons, New York 1976. 



SECTION 4 

PROJECT BACKGROUND AND RATIONALE 

Previous research3 9 p 5  has indicated that anaerobic digestion as 
used for treating wastewater may be used for recovering energy from municipal 
solid waste. The prime product from the latter processing is a medium Btu gas 
which can be readily cleaned and upgraded to a pipeline quality. In addition, 
potential by-products are cattle feed, soil amendment materials, and dry 
refuse-derived fuel. 

There is general agreement that the refuse should be processed before 
anaerobic digestion is allowed to start. The processing would include 
separating the inert materials, such as metals and glass, from the waste; 
shredding or milling the remaining refuse; and slurrying the shredded refuse 
in water to produce a suitable medium for the growth of the mixed bacterial 
culture that will convert the organic materials into methane. 

For the reasons detailed below, SYSTECH proposed to the EPA the estab- 
lishment and operation of a pilot plant to investigate the bioconversion of 
municipal solid waste and to evaluate the dewaterability of mixtures of pulped 
municipal solid waste and sewage sludge before and after anaerobic digestion. 

SYSTECH operated a liquid industrial waste treatment facility within the 
Franklin, Ohio, Environmental Complex. The aerial view of this complex in 
Figure 2 shows in the foreground the SYSTECH facility and from left to right 
in the immediate background the Regional Wastewater Treatment Plant of the 
Miami Conservancy District and the Solid Waste Processing Plant of the City 
of Franklin. The SYSTECH facility is an abandoned municipal wastewater plant 
which contains an unused 662,000 liter (175,000 gal) concrete, floating 
cover, wastewater digester. The Solid Waste Processing Plant was funded 
partly by,the EPA to demonstrate the feasibility of recovering cellulose 
fiber and other materials from municipal solid waste. Using the technology 
employed in the pulp and paper industry, the Solid Waste Processing Plant 

Rlass, D. L., and S. Ghosh. Fuel Gas from Organic Wastes. 
Chem. Tech. J.,:689-98, November 1973. 

Wise, D. L., S. E. Sadek, and R. G. Kispert. Fuel Gas Production from 
Solid Waste. Progress Report No. 1207, NSF/RANN/SE/C-827/~~/74/2. 
Dynatech RID Company, Cambridge, Massachusetts, 1974. 184 pp. 

Pfef fer, J. T. Reclamation of Energy from Organic Waste. EPA Report 
No. 67012-74-016. University of Illinois, Urbana, Illinois, March 1974. 
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, Figure 2. Aerial view of Franklin, Ohio, environmental - 1  
I 
I comple~ with SYSTECE faci l i ty  in foreground. I 
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employed in the pulp and paper industry, the Solid Waste Processing Plant 
first pulps the refuse into a finely milled material in a water slurry and 
then removes the metals and grit fraction from the slurried material in a 
liquid cyclone. The output of the liquid cyclone is a stream of cleaned 
organic material in a water slurry with about 4 percent of total solids. 
The sewage sludge output from the wastewater treatment plant has virtually 
the same total solids percentage but a much higher nutrient and microbe 
content than the foregoing processed solid waste stream. Although the 
organic material stream has the feedstock characteristics that make it 
physically suitable for a municipal solid waste anaerobic digester, its 
mixture with the sewage sludge would obviously improve the anaerobic 
digestion. Now while the two streams ultimately join and are dewatered for 
burning in the incinerator of the solid waste processing plant, each can be 
extracted through bypass valves. Therefore, both a digester and the desirable 
anaerobic digester feedstocks, namely, the processed solid waste and the 
sewage sludge, were close together and available for the proposed study. 

After the project was funded, it was initiated as a laboratory-scale 
study to determine the optimum feeding conditions for the available feedstock 
and to familiarize the SYSTECH staff with some of the operational problems 
that might be anticipated during full-scale anaerobic digestion. As evidenced 
in this study and then confirmed in a following short-term pilot program, 
slurried municipal solid waste readily forms into a fibrous mat which floats 
at the top of the digester. Consequently, much of the organic material is 
removed from the slurry and therefore cannot be subjected to hydrolysis and 
biological conversion. Obviously, to make the anaerobic digestion a viable 
process for treating municipal solid waste, some method of agitating the 
slurry had to be developed to keep the slurry well mixed and to prevent the 
formation of the floating mat. 

As a result, the EPA and DOE jointly funded SYSTECH to investigate and 
evaluate two systems of mixing the slurry at three percentages of total solid 
concentrations. 



SECTION 5 

CHARACTERISTTCS OF CELLULOSIC MATERIALS 

Cellulose constitutes the main part of the cell walls of plants. Con- 
sequently, plant fibers are commonly called cellulosic materials. Such 
materials are generally composed of cellulose, hemicellulose, and lignin. 
Cellulose molecules consist of linear chains of glucose molecules, and 
cellulosic fibers consist of several of these chains generally in a common 
alignment with all covered by a lignin sheath. The lignin is a relatively 
insoluble polymeric substance that is not readily degraded by natural causes. 
The only known enzymes which will attack lignin require several weeks to 
effect a measurable degradation of the lignin. 

Cellulose fibers, especially those in woody cellulose, are typically 
long and relatively thick with minute hairlike fibrils distributed along the 
length and at the ends of the fibers. Only a few cellulose molecules thick, 
the fibrils are covered with a relatively thin, partially solubilized lignin 
sheath. Since the lignin is partially solubilized and the fibrils form a 
relatively hairlike mass, the cellulose fibers readily coalesce as their 
fibrils come in contact with one another. 

Because of this coalescing characteristic of cellulose fibers, the pulp 
and paper industry grinds the fibers to separate and expose more of the 
liquified fibrils and then agitates the particles in a water slurry to promote 
their coalescing and consequently the optimum adhesive strength in the 
resultant paper. Obviously this characteristic severely hampers the mixing of 
slurried refuse for anaerobic digestion since the agitation increases the 
fibrilation of the cell~llosic materials and consequently promotes the 
coalescing of the fiber particles into stringers and mats which retard the 
material flow in the digester. Moreover, when fibrous mats are formed from 
the cellulosic materials, rising nicrobubbles of the refuse gas carry them to 
the top of the dige~ter where they progressively accumulate and float at the 
top of the water.. Those floating materials which dry out cannot be subject to 
bioconversion since the microbes can live only in a liquid medium. 

While the cellulose is subject to enzymatic attack, their molecular 
degradation requires energetic enzymes since the successive polymerized 
glucose molecules are connected by a moderately strong bond. Moreover, the . 

degradation time is long because (1) enzymatic hydrolysis of cellulose is a 
relatively slow process; (2) the cellulose molecules of each fiber particle 
are so numerous; (3) the stringers and mats retard the mixing and consequently 

I --- . the movement of the enzymes; %and (4) the mixing itself promotes the 
coalescence, rather than the sGparation, of the fiber particles. Moreover, 
the optimum temperature for cellulase is approximately 45OC which is just 



between the optimum temperatures for mesophilic and thermophilic 
methanobactors. In addition, the optimum pH for cellulase is between 4 and 5 
while that for both types of methanobacters is about 7. Furthermore, the slow 
enzymatic hydrolysis of the cellulose allows more time for the fibrilation of 
the fibers and the formation of the stringers and mats. 

In view of the- foregoing conditions for normal cellulose degradation and 
the large amount of cellulosic materials in the waste stream, the adequate 
mixing of refuse for anaerobic digestion requires refuse pretreatment to 
either destroy the lignin or hydrolyze the cellulose. 



SECTION 6 

ANAEROBIC DIGESTION AS AN ENERGY RECOVERY PROCESS 

As a means of energy recovery, the anaerobic digestion of the organic 
part of municipal solid waste is performed by a combination of physical, 
biochemical, and microbial processes. All researchers state that the waste 
must first be physically processed before anaerobic digestion may be reason- 
ably completed. 

As the first of four stages in the anaerobic digestion process, the 
physical processing includes separating the organic material from the waste, 
shredding the organic material so that microbes and enzymes can have better 
access to it, and slurrying the shredded material in water to provide a 
growth medium or habitat for the microbial cultures. Since this processing 
requires complicated trade-offs between the cost and the efficiency of the 
processing equipment, it has never been firmly defined. For example, Ghosh 
and  lass, €I who researched biogasif ication variables, demonstrated that the 
gas production rate increases as the refuse particle size decreases from one 
inch to particulates passing through a 30-mesh screen. Consequently, they 
would recommend grinding the refuse to this screen size. Other researchers 
engaged in the enzymatic hydrolysis of c e l l ~ l o s e ~ , ~  have recommended 
ballmilling or rollmilling the refuse to destroy the lignin sheathing and 
powder the cellulose. Others suggest that even larger particles sizes will 
suffice. 5 

Ghosh, S., J. R. Conrad, and D. L. .Klass. Materials and Energy 
Reclamation from Municipal Solid Waste, IGT Internal Report, Institute of 
Gas Technology, Chicago, Illinois, October 1974. 33 pp. 

' Millett, M. A., A. J. Baker, and L. D. Saltes. Physical and Chemical 
Pretreatments for Enhancing Cellulose Saccharification. In: Enzymatic 
Conversion of Cellulosic Materials: Technology and Applications, 
E. L. Gaden et al., eds. John Wiley & Sons, New York City, 1976. 
pp. 125-154. 

Gaden, E. L., et al., eds. Enzymatic Conversion of Cellulosic Materials: 
Technology and Applications. John Wiley and Sons, New York 1976. 

Pfeffer, J. T. Reclamation of Energy from Organic Waste. EPA Report 
No. 67012-74-016. University of Illinois, Urbana, Illinois, March 1974. 
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While t h e  amount of o r g a n i c  m a t e r i a l  s e p a r a t e d  from t h e  r e f u s e  v a r i e s  
w i t h  t h e  type  of equipment used,  t h e  s e p a r a t i o n  of such  m a t e r i a l  can never  be 
complete.  Also  a  v a r i a b l e  is  t h e  d e g r e e  t o  which t h e  o r g a n i c  m a t e r i a l  shou ld  
be s l u r r i e d .  While some r e s e a r c h e r s  s t a t e  t h a t  a  s l u r r y  can be w e l l  mixed 
o n l y  when i t  h a s  l e s s  t h a n  5 p e r c e n t  t o t a l  s o l i d s ,  o t h e r s  m a i n t a i n  t h a t  t h e  
s l u r r y  s t i l l  can he w e l l  mixed when i t  h a s  up t o  20 p e r c e n t  t o t a l  s o l i d s .  

The f o l l o w i n g  i s  a  v e r y  s i m p l i f i e d  d e s c r i p t i o n  o f  t h e  b i o l o g i c a l  conver- 
s i o n  p r o c e s s e s  t a k i n g  p l a c e .  The second s t a g e  i n  t h e  a n a e r o b i c  d i g e s t i o n  
p r o c e s s  i s  t h e  h y d r o l y s i s  o r  s o l u b i l i z i n g  of t h e  o r g a n i c  m a t e r i a l s ,  t h a t  i s ,  
t h e  breakdown of t h e i r  molecu la r  s t r u c t u r e s  u n t i l  they  a r e  s u f f i c i e n t l y  
s o l u b l e  t o  be d i g e s t e d  by t h e  microbes .  Normally,  t h e  e x t r a c e l l u l a r  enzymes 
s e c r e t e d  by t h e  microbes  and c o n t a i n e d  i n  t h e  a s - r e c e i v e d  s o l i d  was te  perform 
t h e  h y d r o l y s i s .  O f  pr imary impor tance  i n  t h e  h y d r o l y s i s  is  t h e  p resence  of 
c e l l u l a s e  and c e l l o b i a s e  (B  g l u c o s i d a s e ) .  While c e l l u l a s e  complexes 
a p p a r e n t l y  cannot  be r e a d i l y  produced by t h e  microbes  i n  munic ipa l  s o l i d  
was te ,  they  can be r e a d i l y  o b t a i n e d  from v a r i o u s  f u n g i  and ruminant d i g e s t i v e  
sys tems.  To hydro lyze  t h e  r e f u s e ,  some r e s e a r c h e r s  s u g g e s t  add ing  c e l l u l a s e  
from f u n g i  o r  rumen t o  t h e  d i g e s t e r ;  o t h e r s  recommend a n  enzyme p r e t r e a t m e n t  
w i t h  c e l l u l a s e ;  and s t i l l  o t h e r s  f a v o r  a n  a c i d  h y d r o l y s i s  p reprocess ing .  

The t h i r d  s t a g e  i n  t h e  p r o c e s s  i s  t h e  c o n v e r s i o n  of t h e  hydrolyzed 
o r g a n i c s  t o  o r g a n i c  a c i d s ,  p r i m a r i l y  a c e t i c  a c i d  w i t h  some p r o p i o n i c  and 
b u t y r i c  a c i d .  T h i s  c o n v e r s i o n  i s  performed by t h e  numerous f a c u l t a t i v e  and 
a n a e r o b i c  organisms. 

The f o u r t h  s t a g e  i n  t h e  p r o c e s s  i s  t h e  p r o d u c t i o n  of g a s ;  t y p i c a l l y  h a l f  
carbon d i o x i d e  ( ~ 0 ~ )  and h a l f  methane ( C H ~ ) .  The s t r i c t  anaerobes ,  t h e  
methanogens which consume t h e  o r g a n i c  a c i d s ,  f r e e  hydrogen and ca rbon  d i o x i d e ,  
produce t h i s  g a s  a s  p a r t  of t h e i r  d i g e s t i v e  p rocess .  The methane i s  t h e  prime 
energy  p roduc t .  Whether gr n o t  t h e  r e s u l t a n t  g a s  r e q u i r e s  c l e a n i n g  depends on 
i t s  usage.  Ashare e t  a l .  d e t a i l  t h e  p r o c e s s e s  f o r  t h e  v a r i o u s  methods of 
c l e a n i n g .  

I --. - 
' . 

Ashare,  E., D. C, ~ u ~ e n s t e i h ,  J. C. Yeung, R. J. Hossan,  G. L. Duret .  
E v a l u a t i o n  o f  Systems f o r  P u r i f i c a t i o n  of F u e l  Gas from Anaerobic  
Diges t ion .  Repor t  on C o n t r a c t  No. EY-76-C-D2-2991 f o r  t h e  U.S. Department 
of Energy. Dynatech RID Company, Cambridge, M a s s a c h u s e t t s ,  , J u l y  1978. 



SECTION 7 

EQUIPMENT DESCRIPTION 

The unused d i g e s t e r  i n  t h e  SYSTECH f a c i l i t y  i n  F rank l in ,  Ohio, t h a t  was 
adapted a s  a p i l o t  d i g e s t e r  f o r  t he  c u r r e n t  s tudy was b u i l t  by the  Publ ic  
Works Adminis t ra t ion  f o r  the  Ci ty  of Frankl in .  The d i g e s t e r  i s  a 10.7-m 
(35-f t )  diameter  conc re t e  v e s s e l  wi th  7.6-m (25-f t )  high s idewa l l s ,  a f l o a t i n g  
cover  t h a t  s e r v e s  a s  a roof ,  and a f l o o r  whose s lope  from wa l l  t o  c e n t e r  i s  
about 0.75 m. The roof s i ts  a t  i t s  lowest  p o s i t i o n ,  namely a t  t he  mid he ight  
(3.8 m) along the  s i d e w a l l s ,  when t h e  d i g e s t e r  i s  empty. With the  roof a t  
t h i s  pos i t i on ,  t he  d i g e s t e r  has  a nominal 378,000-l i ter  (100,000-gal) 
capac i ty .  Except f o r  t he  fo l lowing  p i l o t  t e s t  modi f ica t ions ,  t he  d i g e s t e r  was 
b a s i c a l l y  t he  same a s  o r i g i n a l l y  b u i l t .  

For t h e  purposes of t he  c u r r e n t  s tudy ,  t h e  roof was r i g i d l y  pos i t ioned  
a t  i t s  lowest l e v e l  and sea l ed  around i t s  edges t o  prevent . ra inwater  
i n f i l t r a t i o n .  I n  a d d i t i o n ,  t he  roof was r epa i r ed  t o  ensure water  and gas 
t i gh tnes s .  The fo l lowing  paragraphs d e t a i l  t h e  d i g e s t e r  modi f ica t ions  t o  
accommodate the  t e s t  equipment. The top- and side-view d i g e s t e r  drawings i n  
Figure 3 i n d i c a t e  t he  r e l a t i v e  l o c a t i o n s  of t h e  p r i n c i p a l  t e s t  equipment. 

A Chemineer mechanical mixer w i th  a 15.2-cm (6-in.)  diameter ,  5.4-m 
(21-f t )  long s h a f t  was mounted d i r e c t l y  above the  roof c e n t e r  on two p a r a l l e l  
45-cm I beams t h a t  extended a c r o s s  t h e  diameter  of t h e  d i g e s t e r  and r e s t e d  on 
top  of t he  wal l s .  A t  t h e  roof c e n t e r  was a 90-cm diameter manhole cover wi th  
two po r t s  which were used a s  desc r ibed  l a t e r .  To accommodate t he  s h a f t ,  t he  
o r i g i n a l  gas c o l l e c t i n g  dome i n  t h i s  cover  was removed and a l a n t e r n  bearing 
was i n s t a l l e d  t o  provide a g a s t i g h t  s e a l  around the  ' shaf t .  The motor d r i v i n g  
t h e  mechanical mixer was a 7.5-kW (10-hp), t o t a l l y  enclosed,  fan-cooled 
u n i t  with a gea r  box t h a t  governed the  45-rpm r o t a t i o n  of t h e  mixer blades.  
A s  shown i n  F igure  4, f o u r  137-cm diameter  b lades  a t  each of two l e v e l s  on 
t h e  mixer s h a f t  were mounted a t  a 4 5 ' ~  a t t a c k  angle  t o  f o r c e  t h e  d i g e s t e r  
l i q u i d  from t h e  top t o  t h e  bottom of t h e  ves se l .  The manufacturer s t a t e d  
t h a t  t h i s  system would r e s u l t  i n  a downward flow a t  t he  a x i s  wi th  an outward 
r a d i a l  component a t  t h e  blade l e v e l s  and a slow centerward s u r f a c e  motion 
without  uniform s o l i d s  l i f t i n g  t o  t h e  top  l aye r .  According t o  t he  
manufacturer,  a' s o l i d s  d i s t r i b u t i o n  approaching uniformity would have 
requi red  i n s t a l l i n g  a 56-kW (75-hp), r a t h e r  than  t h e  a c t u a l  7.5-kW (10-hp), 
motor. However, t h e  sma l l e r  motor was chosen s i n c e  i t  would be more , 

compatible w i th  the  3.7-kW (5-hp) gas  mixer compressor and t o  match the  
mixing system t h a t  w e  underst.ood was a t  t h a t  time intended f o r  i n s t a l l a t i o n  
a t  the Pompano Beach p i l o t  f a c i l i t y .  
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An e x i s t i n g  60-cm d iamete r  manhole was used t o  i n s t a l l  a  Vaughn scum 

f b r e a k e r  pump. Then a second 60-cm d i a m e t e r  manhole was i n s t a l l e d  t o  provide 
a c c e s s  t o  t h e  d i g e s t e r  i n t e r i o r .  The pump assembly i n c l u d e d  a 30-kW (40-hp), 
1200-rpm, 3-phase,  e x p l o s i o n  p r o o f ,  v e r t i c a l l y  mounted motor t h a t  r o t a t e d  t h e  
pump s h a f t .  The pump i t s e l f  was a r e v e r s e - s l i n g e r  i m p e l l e r  c o n s t r u c t e d  of 
tempered c a s t  s t e e l  w i t h  t h e  lower edges  of t h e  i m p e l l e r  segments sharpened on 
t h e  l e a d i n g  edge. Bol ted  t o  th'e bottom of t h e  s h a f t  assembly was a c i r c u l a r  
tempered c a s t  s t e e l  p l a t e  w i t h  two open ings  whose sharpened s i d e s  s e r v e d  a s  
c u t t e r  ba rs .  T h e r e f o r e ,  a s  t h e  s h a f t  r o t a t e d ,  t h e  combined impe l le r -bar  
e f f e c t  produced a s c i s s o r s - l i k e  o p e r a t i o n  t o  c u t  any s t r i n g y  m a t e r i a l  t h a t  
e n t e r e d  t h e  pump through t h e  p l a t e  h o l e s .  F i g u r e  5 shows t h e  i n s t a l l a t i o n  of 
t h e  scum b r e a k e r  pump. 

M a t e r i a l  e n t e r i n g  t h e  pump w a s  c e n t r i f u g a l l y  l i f t e d  th rough  a 10-cm 
p i p e  and e x h a u s t e d  through a d e f l e c t o r  n o z z l e  t h a t  could  be manipula ted from 
a p o s i t i o n  above t h e  roof .  The n o z z l e  cou ld  be r o t a t e d  through 270' i n  t h e  
h o r i z o n t a l ,  p l a n e  w i t h  a f35 '  v e r t i c a l  movement t o  pe rmi t  a iming t h e  h i g h  
v e l o c i t y  e x i t  s t r e a m  a t  p r a c t i c a l l y  any p a r t  o f  t h e  f l u i d  s u r f a c e .  

S i n c e  t h e  test requ i rements  c a l l e d  f o r  s i x  sampl ing p o r t s  i n  a d d i t i o n  
t o  a n  e x i s t i n g  one,  t h e  roof was f u r t h e r  modi f i ed  as fo l lows .  F i v e  
20-cm d iamete r  1- t o  1.5-m l o n g  p i p e s  were i n s t a l l e d  w i t h  t h e i r  lower ends  
f l u s h  w i t h  t h e  bottom s u r f a c e  of t h e  roof  and t h e i r  upper  ends  capped by 
t h r e a d e d  covers .  The s i x t h  new p o r t ,  a 15-cm p i p e ,  w a s  i n s t a l l e d  i n  t h e  
manhole cover  of t h e  newly i n s t a l l e d  60-cm d i a m e t e r  manhole. The e x i s t i n g  
p o r t  w a s  a  15-cm d i a m e t e r ,  2.5-m l o n g  p i p e  whose lower  end extended 1.25-m 
i n t o  t h e  d i g e s t e r  and t h e r e f o r e  w e l l  below t h e  l i q u i d  l e v e l .  B e s i d e s  t h e  
p r o v i s i o n s  f o r  t h e  s i x  new sampling p o r t s ,  t h r e e  p a i r s  of h o l e s  were made i n  
t h e  roof t o  i n s e r t  t h e  l i n e s  f o r  t h e  ATARA g a s  gun system d e s c r i b e d  i n  t h e  
n e x t  paragraphs .  

A s  I n s t a l l e d ,  t h e  ATARA system c o n s i s t e d  o f  t h r e e  e q u i d i s t a n t  a s s e m b l i e s  
mounted on t h e  d i g e s t e r  f l o o r  w i t h  each h a l f  way between t h e  f l o o r  c e n t e r  and 
t h e  s i d e w a l l s .  As shown i n  F i g u r e  6 ,  e a c h  assembly c o n s i s t e d  of a f l o o r -  
b o l t e d  t r i p o d  which suppor ted  a v e r t i c a l  0.3-m d i a m e t e r ,  2.75-m long  d r a f t  
t u b e  whose bottom had an outward funne l .  C e n t e r e d  below t h e  f u n n e l  and 
a t t a c h e d  t o  t h e  t u b e  by t h r e e  elbows w a s  a bubble-forming chamber whose bottom 
was about  a f o o t  ahove t h e  f l o o r  l e v e l .  

A s  i l l u s t r a t e d  i n  F i g u r e  7 ,  t h e  chamber assembly  c o n s i s t e d  of a c y l i n d e r ,  
c l o s e d  a t  t h e  t o p . a n d  open a t  t h e  bottom, t h a t  formed t h e  o u t e r  p a r t  of t h e  
chamber and a p i p e  t h a t  was p a r t i a l l y  i n s i d e  and c o n c e n t r i c  w i t h  t h e  c y l i n d e r .  
With i t s  upper  end open and above t h e  o u t e r  c y l i n d e r ,  t h e  p i p e  was a c y l i n d e r  
u n t i l  i t  formed a c u r v e  t o  e x i t  t h e  lower  p a r t  of t h e  chamber and t h e n  e n t e r  
t h e  upper p a r t  of t h e  o u t e r  c y l i n d e r .  Two l i n e s  were  coupled t o  t h e  e x t e r n a l  
p a r t  of t h e  p ipe :  one t o  s u p p l y  gas  t o  t h e  chamber and t h e  o t h e r  t o  permit  
c l e a n i n g  t h e  pipe .  

Mounted o u t s i d e  and above t h e  d i g e s t e r  walls, a g a s  compression pump 

I -' '. 

w i t h  a 3.7-kW (5-hp) motor drew g a s  from t h e  d i g e s t e r  th rough  one of t h e  two 
p o r t s  a v a i l a b l e  i n  t h e  c e n t e r  90-cm d i a m e t e r  manhole cover  and pumped i t  t o  a 
manifold .  From t h e  mani fo ld ,  t h e  g a s  f lowed t o  t h e  g a s  i n l e t  on t h e  e x t e r n a l  
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Figure 5 .  Vaughn scum breaker pump ins tal lat ion.  
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Figure 7 .  Bubble-forming chamber assembly i n  gas gun system. 
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part of each pipe in the three chamber assemblies. As the gas pressure built 
up in the pipe, the water level in the chamber progressively decreased until 
the gas pressure was greater than the water pressure. Then some of the gas 
passed through the rest of the pipe and formed a bubble which rose into the 
funnel of the draft tube. 

Since the bubbie entering the tube was large enough to completely fill 
the cross-sectional area of the tube, it acted as a rising piston or gun to 
force out the water in the tube as it traveled upward. The pumping rate of 
the gas compressor was adjusted to develop bubbles at a rate such that there 
were always two bubbles in each tube at one time or such that a bubble was 
produced about every 4 seconds in each tube. 

In addition to the three gas gun assemblies and the gas compressor, the 
ATARA system included (1) valving to cut off the gas flow to the guns by 
recirculating the gas through a gun by-pass line from the pump outlet to the 
pump inlet, (2) pressure relief valves that automatically shut off the pump 
motor whenever the pressure in the supply line to the compressor dropped too 
low or the pressure in the output line from the compressor became too high, 
(3) a vacuum filter, (4) a flame arrestor, (5) a water trap, (6) gages to 
indicate the pressures in the compressor supply and output lines, and (7) a 
drip trap to permit removing fluids from the output line. Except for the 
piping, the entire system was supplied by the ATARA Corporation. 

The other of the two ports in the 90-cm (36-in.) diameter manhole cover 
was used to pass the digester gas through a Singer dry gas meter installed on 
the digester roof. Although the meter operated sporadically, especially 
during cold weather, it provided accurate gas measurements over short time 
intervals for the periodic test readings. While the meter provided the means 
for evaluating the gas produced by the digester, its primary function was to 
allow pressurized gas to escape into the atmosphere. 

To supply the digester with the 4 percent total solids refuse, the 
following existing equipment was utilized: the influent and effluent lines 
between the digester and the control building some 15 m away from the 
digester, the equipment in the control building, and the influent-effluent 
line between the control building and an auxiliary manifold. Figure 8, an 
aerial view of the SYSTECB facility, indicates the locations of the digester, 
control building and auxiliary manifold. Lying between the control building 
and the wastewater treatment plant, the auxiliary manifold also had an 
effluent line extending to this plant. The control building equipment 
included a manifold which was modified for the current study, a pump driven by 
a 3.7-kW (5-hp) Westinghouse motor, and valving for pumping (1) the feedstock -. 
into the digester and (2) digested material out of the digester to be either 
returned to the digester or deposited in the municipal sewage line. 

For the current study, the original pump in the control building was 
replaced by a Robins & Myers Moyno traveling cavity type of unit. The 15-kW 

I - . (20-hp) Westinghouse motor prqcured for the new pump provided more power than 
was needed. The Moyno pump sekved the threefold function of (1) drawing the 
feedstock from the auxiliary manifold and pumping it into the digester, 
(2) discharging the digester effluent to the wastewater treatment plant, and 



~ ~ -. - .. 
I 

Figure 8. Aerial view of SYSTECH fac i l i ty  with digester vessel ,  I 
~. control building, and auxiliary manifold indicated. - ! 



(3) circulating the digester contents by drawing refuse from the bottom and 
injecting it slightly below the surface of the fluid. During the test period, 
combinations of various stator and rotor materials were substituted in the 
pump in unsuccessful attempts to improve its wear resistance. 

To supply the higester with the 7 and 10 percent total solids refuse, a 
hydrodensor was used in conjunction with the foregoing equipment supplying 
the 4 percent total solids refuse. Since the hydrodensor so dewatered the 
original feedstock that its output was an 18 percent total solids refuse, 
this output had to be proportioned with the 4 percent total solids supply to 
yield the 7 and 10 percent total solids inputs into the digester. 

Mounted on a concrete pad beside the digester walls as shown in Figure 9, 
the hydrodensor was inclined so that it discharged the refuse over the walls 
and onto a trough extending to the existing 15-cm diameter, 2.5-m long pipe in 
the digester roof. However, when this pipe proved impractical because of its 
narrowness and length, the refuse was transported to and force-fed through 
one of the new 20-cm diameter, 1- to 1.53 long pipes. 

The hydrodensor was a pilot size stainless steel screw-thickener with 'p two 23 cm barrels. Each barrel was a cylindrical screen in which a screw was '' '&' driven independently by its own 3.7-kW (5-hp) motor. Each screen was formed 
from a stainless steel plate with numerous perforations. Attached along the 
entire length of the leading edge of each screw was a heavy bristled brush 
which served the twofold purpose of making the spiraling contact with the 
screen without metal abrasion and of brushing away material clogged in the 
screen holea. As water squeezed through the screen and flowed into a tank 
below the barrels, a Deming pump driven by a 5.6-kW (7.5-hp) motor pumped the 
water to a disposal facility. 

A 7000-liter tank diesel truck equipped with a vacuum pump was acquired 
to transport the feedstock from the solid waste and wastewater treatment 
plants to both the auxiliary manifold between the control building and the 
wastewater plant and the hydrodensor beside the digester. Roses and 
connectors for loading and discharging the tank were purchased separately. 
When the hydrodensor was operated, a locally leased trash pump was used to 
transport the feedstock up the approximate 5-m height to the hydrodensor. 

The digester fluid was sampled by a uniquely designed assembly. The 
sampler consisted of a remotely openable/closable sample container which 
could be inserted into the digester from the top to remove samples at several -. 
depths. The exploded-view drawing in Figure 10 illustrates the mounting of 
the sample container and its holder in the block of the sampling assembly. 

Three sampling assemblies were fabricated: one with a 2-m long tube for 
samples at the top level, the second with a 4-m long tube for samples at the 
middle level, and the third with a 5.510 long tube for samples at the bottom 
level. When a sample was to.+ taken, the appropriate assembly was first 
lowered about a quarter meter 'below the desired level with the sampler closed. 
Next the sampler was opened, and the assembly was jerked upward a little more 
than a quarter meter so that the digester flui-d would be forced into and fill. 



Figure 9. Hydrodensor ins tallation. / 
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the bag. Then after the sampler was again closed, the assembly was withdrawn 
and, the filled bag was removed for total and volatile solids analyses. 

To track the digester health as well as to take solids distribution 
measurements that enabled determining the effectiveness of the various 
mixing modes required such laboratory equipment as a pH meter, a centrifuge, 
and much glassware. In addition, the system operation required such items as 
reagents, greases and oils, safety equipment, insulating materials, mechanical. 
supplies, and repair materials. 



SECTION 8 

OPERATION OF THE TEST DIGESTER 

The e x p e r i m e n t a l  o p e r a t i o n  o f  t h e  p i l o t  d i g e s t e r  began a f t e r  t h e  modif ied 
d i g e s t e r  v e s s e l  and t h e  newly i n s t a l l e d  equipment had been d r y - t e s t e d .  

To p r e c l u d e  any s o l i d s  accumula t ion  a t  i n i t i a t i o n  and t o  speed t h e  
e s t a b l i s h m e n t  and a c c l i m a t i o n  of a h e a l t h y  a n a e r o b i c  cu l t .u re ,  t h e  d i g e s t e r  
f i l l i n g  and s t a r t - u p  was v e r y  c a r e f u l l y  c o n t r o l l e d .  

S p e c i f i c a l l y ,  a f t e r  t h e  w a t e r  f i l l e d  t h e  v e s s e l ,  i t  was h e a t e d  t o  
m e s o p h i l i c  t e m p e r a t u r e s  (32O t o  35°C) u s i n g  t h e  e x i s t i n g  p e r i m e t e r  h e a t i n g  
p ipes .  Next t o  p r o v i d e  a  h e a l t h y ,  w e l l - e s t a b l i s h e d  m i c r o b i a l  c u l t u r e  f o r  t h e  
d i g e s t e r ,  d i g e s t e d  m u n i c i p a l . w a s t e w a t e r  s l u d g e  was f e d  i n t o  t h e  w a t e r  a t  a 
c o n s t a n t  r a t e  u n t i l  i t s  t o t a l  s o l i d s  c o n t e n t  was 2 pe rcen t .  Then a  m i x t u r e  of 
hydropulped m u n i c i p a l  s o l i d  was te  and d i g e s t e d  sewage was added u n t i l  t h e  
t o t a l  s o l i d s  c o n t e n t  w a s  approx imate ly  3 1 / 2  pe rcen t .  F i n a l l y ,  on t h e  b a s i s  
of t h e  measured v a l u e s  of t h e  t o t a l  and v o l a t i l e  s o l i d s  i n  t h e  two f e e d  
s t r e a m s ,  t h e  d a i l y  amounts of t h e  m a t e r i a l  t o  be removed by t h e  Moyno pump and 
of t h e  f e e d s t o c k  t o  be  added were c a l c u l a t e d  t o  e s t a b l i s h  t h e  7-day week 
feeding-removing s c h e d u l e  th roughout  t h e  p e r i o d  of t h e  f i r s t  t e s t .  

The t e s t  p l a n  c a l l e d  f o r  t h e  performance of t h e  d i g e s t e r  t e s t s  a t  
s p e c i f i c  h y d r a u l i c  r e t e n t i o n  t imes.  The h y d r a u l i c  r e t e n t i o n  t ime is  
d e f i n e d  as t h e  f i x e d  volume of a  d i g e s t e r  v e s s e l  d i v i d e d  by t h e  volume of 
t h e  f e e d s t o c k  added d a i l y  which must e q u a l  t h e  volume of t h e  d i g e s t e d  w a s t e  
removed d a i l y .  At a  g i v e n  HRT, t h e . t o t a 1  s o l i d s  c o n t e n t  of t h e  f e e d s t o c k  and 
t h e  pe rcen tage  o f  v o l a t i l e  s o l i d s  i n  t h e  t o t a i  s o l i d s  de te rmine  t h e  s p e c i f i c  
v o l a t i l e  s o l i d s  l o a d i n g  r a t e .  

A s  t h e  m a t e r i a l  was withdrawn each  day,  a  sample o f  i t  was a n a l y z e d  t o  
de te rmine  t h e  h e a l t h  of t h e  m i c r o b i a l  c u l t u r e s  and t h e  t o t a l  and v o l a t i l e  
s o l i d s  remaining i n  t h e  d i g e s t e r .  Also  t w i c e  a week but  b e f o r e  a d d i n g  feed-  
s t o c k  o r  removing e f f l u e n t ,  s o l i d s  samples  were t a k e n  a t  t h r e e  f l u i d  l e v e l s  
through each of t h e  sampl ing p o r t s  i n  the d i g e s t e r  roof .  While t h e s e  p o r t s  
were open, t h e  v a l v e s  i n  t h e  g a s  mete r  l i n e  were c l o s e d  t o  minimize a i r  i n -  ' 

f i l t r a t i o n  i n t o  t h e  d i g e s t e r  dome. A f t e r  t h e  samples  were a n a l y z e d  t o  d e t e r -  
mine t h e  p e r c e n t a g e  of t o t a l  s o l i d s  i n  each  sample and t h e  v o l a t i l e  s o l i d s  
as a percen tage  of t h e  t o t a l  s o l i d s  c o n t e n t  of each  sample,  t h e  d a t a  f o r  both  
t h e  t o t a l  and t h e  v o l a t i l e  s o l i d s  c o n c e n t r a t i o n s  were a r r a n g e d  t a b u l a r l y  a s  

I -'. . 

shown i n  t h e  n e x t  s e c t i o n .  For  each of t h r e e  sampl ing l e v e l s  ( t o p ,  midd le ,  
and bottom) w i t h  t h e  d a t a  f o r  each  grouped s e p a r a t e l y  i n  t h i s  o r d e r ,  t h e  
t a b u l a r  ar rangement  was p r e p a r e d  t o  pe rmi t  comparing l a t e r a l l y  t h e  p e r c e n t a g e s  
f o r  t h e  samples from e a c h  of f i v e  p o r t s  on each  sampling d a t e  and t h e n  
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v e r t i c a l l y  t h e  p e r c e n t a g e s  f o r  t h e  samples from t h e  same p o r t  a t  t h e  
s u c c e s s i v e  sampl ing d a t e s .  The comparisons of t h e  d a t a  w i t h i n  e a c h  sampling- 
l e v e l  group and t h e n  between t h e  groups  enab led  (1) e v a l u a t i n g  t h e  
e f f e c t i v e n e s s  of t h e  p a r t i c u l a r  mixing mode, ( 2 )  i d e n t i f y i n g  t h e  well-mixed 
r e g i o n s ,  and ( 3 )  d e t e r m i n i n g  t h e  e x t e n t  and amount of t h e  s o l i d s  accumulated 
i n  t h e  p o o r l y  mixed r e g i o n s .  

During t h e  t e s t  p e r i o d ,  g a s  meter  r e a d i n g s  were t aken  d a i l y  t o  compute 
t h e  gas  p roduc t ion .  Whenever t h e  s o l i d s  were sampled i n  t h e  t w i c e  weekly 
schedu le ,  g a s  mete r  r e a d i n g s  were t a k e n  b e f o r e  and a f t e r  t h e  sampl ing p e r i o d  
t o  i n t e r p o l a t e  t h e  g a s  p r o d u c t i o n  d u r i n g  t h e  sampl ing p e r i o d ,  and t h e  r e s u l t s  
were e x t r a p o l a t e d  t o  compute t h e  t o t a l  gas  p r o d u c t i o n  f o r  24 hours .  

As d e t a i l e d  i n  T a b l e  1, each  mixing mode had a s i n g l e  s e t  of o p e r a t i o n a l  
c o n d i t i o n s .  Throughout e a c h  t e s t ,  a l l  i n d i c a t o r s  of d i k e s t e r  h e a l t h  were 
c o n t i n u a l l y  moni to red  t o  e n s u r e  t h a t  t h e  d i g e s t e r  o p e r a t e d  under  h e a l t h y  
c o n d i t i o n s .  Between t e s t s ,  t h e  scum b u s t e r  was used t o  b reak  up and d i s p e r s e  
any scum t h a t  had formed d u r i n g  t h e  p r e v i o u s  t e s t .  Although t h e  scum b u s t e r  
d i d  not  comple te ly  e l i m i n a t e  t h e  scum ( a s  d e t a i l e d  i n  S e c t i o n  7.), t h e  
r e s i d u a l  scum a t  t h e  s t a r t  of any t e s t  d i d  n o t  s e r i o u s l y  a f f e c t  t h e  
i n t e r p r e t a t i o n  o r  t h e  v a l i d i t y  of t h e  d a t a  s i n c e  t h e  r e s u l t s  of e a c h  test 
were markedly d i f f e r e n t .  



SECTION 9 

PILOT MIXING SYSTEM TESTS 

The two mixing systems,  t h e  Chemineer mechanical mixer and t h e  ATARA gas 
gun system, were each  t o  be t e s t e d  wi th  a  3 : l  feed  r a t i o  and a  4  percent  
t o t a l  s o l i d s  and then wi th  a  9 : l  feed r a t i o  and a  4 ,  7 ,  and 10 percent  t o t a l  
s o l i d s .  Each of t h e s e  e i g h t  t e s t s  was t o  be performed wi th  a  22 1/2-day 
h y d r a u l i c  r e t e n t i o n  t i m e .  I n  a d d i t i o n ,  t h e  four  t e s t s  w i th  t h e  4 percent  
t o t a l  s o l i d s  were each t o  be conducted wi th  an 11-day HRT, a s  w e l l  a s  t h e  
22 1/2-day HRT, t o  s tudy  t h e  f e a s i b i l i t y  of u s ing  s h o r t e r  r e t e n t i o n  'times. 
Thus 12 tests i n  a l l  were planned. S ince  t he  percentage of t h e  v o l a t i l e  
s o l i d s  i n  t h e  t o t a l  s o l i d s  of t h e  feeds tock  was v i r t u a l l y  cons t an t  i n  any t e s t  
pe r iod ,  t h e  v o l a t i l e  s o l i d s  load ing  r a t e  was a  f u n c t i o n  of t h e  t o t a l  s o l i d s  
percentage and t h e  HRT. - 

A s  desc r ibed  l a t e r ,  t h e  poor r e s u l t s  during t h e  t h i r d  t e s t ,  t h e  f i r s t  t o  
be conducted a t  t h e  lower HRT, precluded f u r t h e r  t e s t s  w i th  an  11-day HRT. 
Consequently,  on ly  n ine  t e s t s  were conducted.. Table  1  summarizes i n  chrono- 
l o g i c a l  o rde r  t h e  o p e r a t i n g  cond i t i ons  f o r  t h e  n ine  tests. 

Two t a b l e s ,  one f o r  t h e  t o t a l  s o l i d s  percentages  and t h e  second f o r  t h e  
v o l a t i l e  s o l i d s  pe rcen tages ,  a r e  presen ted  f o r  each of t h e  n ine  t e s t s .  Each 
of t h e  pa i red  t a b l e s  l i s t s  i n  t h e  ch rono log ica l  o r d e r  of sampling t h e  percen- 
t a g e s  f o r  each of t h e  samples taken  through each of f i v e  p o r t s  ( s e e  F igure  2) 
a t  each of t h r e e  l e v e l s .  Under t h e  "Level" heading,  " top" denotes  a  l e v e l  
about  a  q u a r t e r  of a  meter below t h e  f l u i d  s u r f a c e ,  "middle" denotes  a  l e v e l  
about  2  m below t h e  s u r f a c e ,  and "bottom" denotes  a  l e v e l  about 3  112 m below 
t h e  sur face .  

Also p re sen t ed  i n  t a b u l a r  form f o r  each test  is  a  mass balance f o r  t he  
t o t a l  and v o l a t i l e  s o l i d s .  The mass of t h e  d i scharged  s o l i d s  was obtained by 
c a l c u l a t i n g  t h e  mass of t h e  measured product gas and adding i t  t o  t h e  mass of 
t h e  s o l i d s  i n  t h e . e f f l u e n t .  I f  t h e  d i g e s t e r  i s  mixed s u f f i c i e n t l y  t o  prevent  
any s o l i d s  accumula t ions ,  t h i s  mass should equa l  t h e  mass of t h e  s o l i d s  
e n t e r i n g  the  d i g e s t e r .  

FIRST TEST 

The c o n d i t i o n s  f o r  t h i s  t e s t  were a s  fo l lows:  ( 1 )  ga s  mixing mode, 
( 2 )  3 : l  r a t i o  of munic ipa l  s o l i d  waste t o  sewage s ludge ,  (3 )  4  pe rcen t  t o t a l  

. s o l i d s ,  and (4 )  v o l a t i l e  s o l i d s  load ing  r a t e  of 1.25 grams per  l i t e r  per  day. 

I --. - 
The d a t a  samples f o r  t h i s  . t e s t .  were taken between August 1 and 25 of 1977. 



I n  a l l  t e s t s  excep t  t h e  f i r s t  two, t h e  scum b u s t e r  was o p e r a t e d  on ly  
between t e s t  p e r i o d s .  The o p e r a t i o n . d u r i n g  t h e  f i r s t  t e s t  was i n t e r m i t t e n t  
whereas  t h a t  i n  t h e  second t e s t  had a  planned v a r i a t i o n  as d e t a i l e d  l a t e r .  
The a p p a r e n t  r e t a r d a t i o n  of t h e  scum f o r m a t i o n  d u r i n g  t h e  f i r s t  t e s t  was 
a t t r i b u t e d  p a r t l y  t o  t h e  scum b u s t e r  e f f e c t s .  

A s  ind icaLed  i n  T a b l e  2,  t h e  t o t a l  s o l i d s  p e r c e n t a g e s  a t  t h e  t o p  l e v e l  
a r e  h i g h e r  t h a n  t h o s e  a t  t h e  o t h e r  two l e v e l s .  I n  a d d i t i o n ,  t h e  p e r c e n t a g e s  
f o r  t h e  t o p  l e v e l  a t  each  d a t e  have a  g r e a t e r  v a r i a t i o n  t h a n  t h o s e  f o r  t h e  
p e r c e n t a g e s  a t  t h e  o t h e r  two l e v e l s .  The markedly h i g h e r  v a l u e s  f o r  t h e  t o p  
l e v e l  d a t a  a r e  e x p l a i n e d  as f o l l o w s .  Tab le  3 shows a r e l a t i v e l y  uniform 
v o l a t i l i t y  s o l i d s  d i s t r i b u t i o n .  Although t h e  un i fo rm scum c h a r a c t e r i s t i c  of 
t h e  f o l l o w i n g  t e s t s  d i d  n o t  form, a  l a r g e  clump of scum developed and 
f l o a t e d  randomly th roughout  t h e  d i g e s t e r .  

On t h e  a v e r a g e ,  t h e  g a s  p r o d u c t i o n  was abou t  76,500 l i t e r s  p e r  day,  and 
t h e  r a t i o  of v o l a t i l e '  . a c i d s  t o  a l k a l i n i t y  was 0.7 on t h e  average .  The gas  . 
compos i t ion  was g e n e r a l l y  71 p e r c e n t  methane and 23 p e r c e n t  carbon d i o x i d e .  
While t h e  f e e d  b lend  c o n t a i n e d  4.3 p e r c e n t  t o t a l  s o l i d s ,  t h e  e f f l u e n t  had 
3 . 3  p e r c e n t  t o t a l  s o l i d s .  

- 
A s  shown i n  T a b l e  4 ,  t h e  mass of t h e  g a s  and s o l i d s  e f f l u e n t  was l e s s  

t h a n  t h e  mass of t h e  f e e d s t o c k  s o l i d s .  Some s o l i d s ,  t h e r e f o r e ,  had 
accumulated d u r i n g  t h i s  t e s t , ' e v e n  though t h e  s o l i d s  sampl ing  i n d i c a t e d  t h a t  
t h e  d i g e s t e r  c o n t e n t s  were u s u a l l y  w e l l  mixed. 

No d a t a  r e l a t e d  t o  v o l a t i l e  s o l i d s  d e s t r u c t i o n  c o u l d  be p r e s e n t e d  f o r  
t h e  n i n e  t e s t s  e x c e p t  f o r  t h e  second t e s t .  The c a l c u l a t i o n  of t h e  v o l a t i l e  
s o l i d s  d e s t r u c t i o n  i s  based on t h e  d i f f e r e n c e  between t h e  v o l a t i l e  s o l i d s  
c o n t e n t  of t h e  i n f l u e n t  and t h e  e f f l u e n t .  Any s o l i d s  accumula t ion  would 
d e c r e a s e  t h e  e f f l u e n t  c o n t e n t  and t h e r e f o r e  i n v a l i d a t e  t h e  c a l c u l a t i o n .  
Consequent ly ,  u n l e s s  t h e  mass ba lance  i n d i c a t e s  l i t t l e  o r  no s o l i d s  accumula- 
t i o n ,  as i n  t h e  mass b a l a n c e  f o r  t h e  second t e s t  o n l y ,  n e i t h e r  t h e  pe rcen tage  
o f  t h e  v o l a t i l e  s o l i d s  d e s t r u c t i o n  nor  t h e  g a s  p r o d u c t i o n  p e r  k i logram of 
v o l a t i l e  s o l i d s  d e s t r o y e d  can be . v a l i d l y  determined.  

SECOND TEST 

Except fur t h e  change t o  t h e  mechanical  mixing mode, t h e  t e s t  c o n d i t i o n s  
f o r  t h i s  t e s t  were  t h e  same a s  t h o s e  f o r  t h e  f i r s t  t e s t .  The d a t a  samples 
f o r  t h i s  t e s t  were t a k e n  between August 29 and September 29 of 1977. 

As s e e n  i n  T a b l e  5 ; t h e  t o t a l  s o l i d s  p e r c e n t a g e s  f o r  t h e  t o p  l e v e l  a t  
t h e  beg inn ing  of t h e  test were r e l a t i v e l y  un i fo rm and averaged  4.5 pe rcen t .  
A f t e r  1 week, t h e  sample from P o r t  1 had a  10.11 p e r c e n t  t o t a l  s o l i d s .  Then 
a f t e r  2  weeks, t h e  sample from P o r t  4  had a  11.35 p e r c e n t  t o t a l  s o l i d s .  
Except  f o r  t h e  sample from P o r t  3 whose p e r c e n t a g e  remained f a i r l y  c o n s i s t e n t  
w i t h  t h e  p r e c e e d i n g  sampling v a l u e s ,  t h e  samples  from t h e  o t h e r  p o r t s  compared 

I . --. c l o s e l y  i n  p e r c e n t a g e  w i t h  t h e  samples from t h e  same p o r t s  a t  t h e  middle  and 
bot tom l e v e l s .  Then w i t h i n  3 'weeks  a s  r e f l e c t e d  i n  t h e  d a t a  f o r  t h e  t o p  
l e v e l ,  a n  e x t e n s i v e  314-m t h i c k  scum w i t h  a n  a v e r a g e  25 p e r c e n t  t o t a l  s o l i d s  
develbped.  By 4  weeks, t h e  scum a t  P o r t s  5  and 6 ( t h e  p o r t s  c l o s e s t  t o  t h e  
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; TA.BLE 2 .  LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL 
SOLIDS PERCENTAGES FOR TEST i* 

P o r t  number  
L e v e l  D a t e  5  4  3 2 1 

( w a l l )  ( c e n t e r )  

M i d d l e  8 / 0 1  
8 / 0 4  
8 / 0 8  
8/11 
8 / 1 5  
8 / 18 
8 / 2 2  
8 / 2 5  

B o t t o m  

* Gas m i x i n g ,  3 : l  f e e d  r a t i o ,  2 2 . 5 - d a y  HRT, a n d  4% t o t a l  
s o l i d s  i n  f e e d .  



, I  

I 
TABLE 3. LEVEL-PORT NUMBER OF VOLATILE SOLIDS 

PERCENTAGES FOR TEST l* ! 
-_ _ - -- - --- - 

. P o r t  number 
Level  Date 5 4 3 2 1 

(wal l )  ( cen te r )  

Middle 

Bottom 

 as mixing,  3 : l  feed r a t i o ,  22.5-day HRT, and 4% t o t a l  
s o l i d s  i n  feed .  



TABLE 4.  AVERAGE DAILY MASS FLOWS FOR TEST 1" 

~ o t a i  s o l i d s  V o l a t i l e  s o l i d s  
I tem ( k g / d a ~ )  ( k g / d a ~  

Feed b lend  

E f f l u e n t  l i q u i d  

Product  g a s  t 

Mass o u t  
Mass i n  

Apparent accumulat ion ** ' 9 7 113 . 

* Gas mixing,  3 : l  feed  r a t i o ,  22.5-day HRT, and 4% t o t a l  
s o l i d s  i n  feed.  

t The mass t o t a l  ga s  produced was c a l c u l a t e d  from t h e  t o t a l  
g a s  p roduc t ion  and t h e  average  gas composi t ion as  measured. 
I t  i s  p re sen t ed  h e r e  i n  u n i t s  of kglday t o  a l l ow  t h e  r e a d e r  
t o  v i s u a l i z e  t he  system mass ba l ance ;  

** Apparent accumulation i s  c a l c u l a t e d  a s  t o t a l  mass i n p u t  p e r  
day minus t o t a l  mass ou tput  pe r  day ( e f f l u e n t  and g a s ) .  
This  remainder  i s  assumed t o  r e p r e s e n t  t h e  s o l i d s  accumulating 
w i t h i n  t h e  d i g e s t e r  v e s s e l .  



. . 
! 

a TABLE 5 .  LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL j. 

, SOLIDS PERCENTAGES FOR TEST 29: . I 
- - - --- _ -_ - _ _  _ 

P o r t  number 
L e v e l  Date 5  4 3 2 1 

( w a l l )  ( c e n t e r )  

TOP 8 / 2 9  
9 / 0 1  
9 / 0 5  
9 /08  
9 /12  
9 /15  
9 /19  
9 /22  
9 / 2 6  
9 /29  

M i d d l e  8 / 2 9  
9 / 0 1  
9 / 0 5  
9 /08  
9 /12  
9 / 1 5  
9 /19  
9 /22  
9 /26  
9 /29  

Bottom 

- .. . 

* M e c h a n i c a l  m i x i n g ,  3 : l  f e e d  r a t i o ,  22.5-day HRT, a n d  
4% t o t a l  s o l i d s  i n  f e e d .  



' TABLE 6.  LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE 
SOLIDS PERCENTAGES FOR TEST 2* ! 

8 , - 

Por t  number 
Level Date 5 4 3 2 1 

(wall)  (center )  

Middle 

Bottom 

- .. . * Mechanical mixing, 3 : l  feed r a t i o ,  22.5-day HRT, and 

I. '4% t o t a l  s o l i d s  i n  feed. 



w a l l s )  was 1  t o  1.5-m t h i c k  and dry and hard a t  t he  top. A t  Por t  4,  t he  scum 

B was a  q u a r t e r  meter t h i c k  and p a r t i a l l y  dry;  and a t  P o r t s  1  and 2  ( t h e  p o r t s  
n e a r e s t  t h e  mechanical a g i t a t o r ) ,  t h e  scum was a l s o  about a  q u a r t e r  meter 
t h i c k  but s o f t .  

I n  t h i s  and t h e  fo l lowing  t e s t s ,  t h e  d i f f e r e n t i a l  between the  h igher  
' t o t a l  s o l i d s  percentages  f o r  t h e  top  l e v e l  and t h e  lower t o t a l  s o l i d s  
percentage  f o r  t h e  middle and bottom l e v e l s  increased .  Moreover, t he  v o l a t i l e  
s o l i d s  percentages f o r  t h e  t op  l e v e l  g e n e r a l l y  became much h ighe r  than those 
f o r  t h e  o t h e r  two l e v e l s .  Therefore ,  s i n c e  a  h igher  t o t a l  s o l i d s  concen- 
t r a t i o n  occurred a t  t h e  t o p  l e v e l ,  as w e l l  a s  a  h igher  v o l a t i l e  s o l i d s  
concen t r a t i on ,  t h e  r e s u l t  i s  t h a t  a  d i s p r o p o r t i o n a t e l y  h ighe r  entrapment of 
v o l a t i l e  s o l i d s  took p l ace  i n  t h e  scum l a y e r .  

A s  viewed through the  sampling p o r t s ,  t h e  t op  l a y e r  of t h e  d i g e s t e r  
f l u i d  r o t a t e d  around t h e  s h a f t  of t h e  center-mounted a g i t a t o r  wi th  the  
r o t a t i o n  ranging from tu rbu lence  near  t h e  s h a f t  t o  markedly slower movement 
near  t h e  v e s s e l  wal l s .  Th i s  obse rva t ion  a long  wi th  t h e  d a t a  t r ends  confirmed 
t h e  manufac turer ' s  s ta tement  of t h e  mixing c h a r a c t e r i s t i c s  t o  be expected 
w i t h . t h e  power of t h e  n o t o r ,  t h e  s i z e  of t h e  b lades ,  and t h e  l eng th  of t h e  
s h a f t  s e l e c t e d  f o r  t h e  mechanical a g i t a t o r ;  namely, a  downward flow a t  t h e  
a x i s  w i th  an outward r a d i a l  component a t  t h e  b lade  l e v e l s  and a  slow 
centerward s u r f a c e  motion wi thout  uniform s o l i d s  l i f t i n g  t o  t he  top layer .  
According t o  t h e  manufacturer ,  a  s o l i d s  d i s t r i b u t i o n  approaching uni formi ty  
would have r e q u i r e d , i n s t a l l i n g  a  56-kW (75-hp), r a t h e r  than t h e  a c t u a l  
7.5-kW (10-hp), motor. However, t h e  sma l l e r  motor was chosen s i n c e  i t  would 
be more compatible  w i th  t h e  3.7-kW (5-hp) gas  mixer compressor and with an 
energy-recovery concept wherein t h e  energy expended f o r  p rocess ing  should be 
minimized. 

On t h e  average ,  t h e  gas  product ion  was about 187,000 l j t e t s  per  day. 
The gas  compos'ition was g e n e r a l l y  62 pe rcen t  methane and 33 percent  carbon 
dioxide.  The r a t i o  of v o l a t i l e  a c i d s  t o  a l k a l i n i t y  was 0.1. While t he  feed 
blend contained 4.5 percent  t o t a l  s o l i d s ,  t h e  e f f l u e n t  had 3 . 3  percent  t o t a l  
s o l i d s .  The c a l c u l a t e d  v o l a t i l e s  s o l i d s  d e s t r u c t i o n  was 49 percent .  On t h e  
average ,  t he  gas  product ion  per  k i logram of v o l a t i l e  s o l i d s  destroyed was 
805 l i t e r s .  

\ 

Compared w i t h  t he  r e s u l t s  of t h e  f i r s t  t e s t ,  those  of t h e  second t e s t  
i n d i c a t e  a  b e t t e r  d i g e s t e r  performance, perhaps due t o  t h e  d i g e s t e r  having 
s u f f i c i e n t  t ime t o  adapt  t o  t h e  f eeds tock  and become more s t a b l e .  

The bes t  methane product ion  of any test was observed i n  t h i s  t e s t  
wherein 187,000 !t/day (6,600 f t 3 / d a y )  of b iogas  were measured a t  an  average 
composition of 62 percent  methane. Comparing t h i s  w i th  t h e  d a i l y  v o l a t i l e  
s o l i d s  d e s t r u c t i o n  dur ing  t h e  t e s t  g ives  805 l i t e r s  (16 f t 3 )  of gas  produced 
pe r  kilogram of v o l a t i l e  s o l i d s  des t royed ,  a  reasonable  r a t e  f o r  a  hea l thy  
d i g e s t e r .  An o v e r a l l  system mass balance i n  Table  7  shows no s o l i d s  

-.. . accumulation t a k i n g  place.  The v o l a t i l e  s o l i d s  d e s t r u c t i o n  observed was 
38 percent .  



T o t a l  s o l i d s  V o l a t i l e  s o l i d s  
I tem (kg/day (kglday) 

Feed blend 870 485 

Ef f luen t  l i q u i d  

Product gas  t 

Mass o u t  
Mass i n  

Apparent accumulation ** 5 5 -21 

* '  Gas mixing, 3 : l  feed  r a t i o ,  22.5-day .HRT, and 4% t o t a l  
s o l i d s  i n  feed. 

-k The mass t o t a l  gas produced was c a l c u l a t e d  from t h e  t o t a l  
gas  product ion  and t h e  average gas composition a s  measured. 
It i s  presented  h e r e  i n  u n i t s  o f . k g / d a y  t o  al low t h e  r e a d e r  
t o  v i s u a l i z e  t h e  system mass ba lance .  

**' Apparent accumulation i s  c a l c u l a t e d  a s  t o t a l  mass i n p u t  pe r  
day minus t o t a l  mass o u t p u t  p e r  day ( e f f l u e n t  and g a s ) .  
This remainder i s  assumed t o  r e p r e s e n t  t he  s o l i d s  accumulating 
w i t h i n  the  d i g e s t e r  v e s s e l .  



Mixing employed throughout  t h i s  t e s t  was a  24-hr/day ope ra t i on  of the  

D 
7.5-kW mixer and a  4-hrlday opexa t ion  of t h e  30-kW scumbuster.  Assuming 
f u l l - l o a d  o p e r a t i o n  f o r  both,  but i gno r ing  power g e n e r a t i o n  e f f i c i e n c i e s ,  
t h i s  i s  an energy usage f o r  mixing of 300 kWh/day. The methane produced was 
115,000 Rlday, having an  energy conten t  of 1,200 kwh which i s  only four  
t imes g r e a t e r  than  t h e  d i r e c t  energy usage of our admi t t ed ly  underpowered 
mixing system. 

Af t e r  t h e  second t e s t ,  t h e  d i g e s t e r  v e s s e l  had t o  be emptied t o  r e p a i r  
t h e  gas  supply l i n e  t o  one of t h e  gas  mixing guns. The photograph of t he  
emptied v e s s e l  i n  F igure  11 shows how t h e  c e l l u l o s i c  m a t e r i a l s  had coalesced 
i n t o  s t r i n g e r s  around t h e  s h a f t  of t h e  mechanical a g i t a t o r .  These s t r i n g e r s  
were q u i t e  dense and a s  t he  s h a f t  r o t a t e d ,  t h e i r  i r r e g u l a r  d i s t r i b u t i o n  could 
have imbalanced t h e  a g i t a t o r .  

I n  a d d i t i o n  t o  t he  r e p a i r  of t h e  gas  supply l i n e ,  t h e  s t r i n g e r s  were 
removed from t h e  s h a f t ,  and g r i t  d e p o s i t s  a long  wi th  t h e  f a l l e n  scum were 
removed from t h e  v e s s e l  f l o o r .  Then t h e  d i g e s t e r  v e s s e l  was r e f i l l e d  and 
seeded f o r  t h e  resumption of t he  t e s t s .  

THIRD TEST 

Except f o r  an i nc reased  loading  r a t e  from 1.25 t o  2.35 grams of v o l a t i l e  
s o l i d s  per  l i t e r  per  day t o  e s t a b l i s h  t h e  11-day HRT, t h e  t e s t  condi t ions  f o r  
t h i s  t e s t  were ' the same a s  t hose  f o r  t h e  f i r s t  t e s t .  The d a t a  samples f o r  
t h i s  t e s t  were t aken  between November 28, 1977, and Janua ry  23, 1978. 

Within a  s h o r t  t ime, t h e  scum wi th  an  average  20 percent  t o t a l  s o l i d s  , .  

developed. C o n s i s t i n g  most ly  of f i b r o u s  m a t e r i a l s ,  t h e  scum was about a  
q u a r t e r  meter t h i c k - a f t e r  a  few weeks and about h a l f  a  meter  t h i c k  a f t e r  
2 months. A t  t h e  end of t h e  tes t ,  most of t h e  scum was d ry  which ind i ca t ed  
l i t t l e ,  i f  any, turnover .  

Although t h e  d i g e s t e r  was r e l a t i v e l y  w e l l  mixed a t  t h e  middle and bottom 
l e v e l s ,  a s  i n d i c a t e d  i n  Table  8 ,  i t  had exces s ive ly  h i g h  t o t a l  s o l i d s  
percentages  and consequent ly  l a r g e  s o l i d s  accumulat ions a t  t h e  top  l eve l .  
Therefore ,  a s  f u r t h e r  evidenced by t h e  r e l a t i v e l y  low v o l a t i l e  s o l i d s  percen- 
t ages  f o r  t h e  middle and bottom l e v e l s  i n  Table  9,  most of t h e  s u b s t r a t e  f o r  
t h e  microorganisms was conta ined  i n  t h e  scum. 

A t  t h e  beginning  of t h i s  t e s t ,  t he  r a t i o  of v o l a t i l e  a c i d s  t o  a l l ca l i n i t y  
was 0.6. This  r e l a t i v e l y  h igh  r a t i o  was l i k e l y  due t o  t h e  d i g e s t e r  d i f f i c u l t y  
i n  handl ing  t h e  h ighe r  load ing  r a t e .  I t ' s  l a t e r  r i s e  t o  1.0 would i n d i c a t e  .a. 

t h a t  t he  d i g e s t e r  could not  e a s i l y  adapt  t o  t h e  h igh  loading .  During t h e  
e a r l y  s t a g e  of t h e  t e s t ,  t h e  gas  product ion  inc reased  t o  227,000 l i t e r s  
per  day.' T h e r e a f t e r ,  however, t h e  gas product ion  could  no t  be computed s i n c e  
t h e  l i n e  t o  t h e  gas  meter had f rozen .  The gas  composi t ion was gene ra l l y  
35 percent  methane and 62 pe rcen t  carbon dioxide.  

.. 

I. The feed  blend containei l  4.5 percent  t o t a l  s o l i d s ,  and t h e  e f f l u e n t  
contained only  2.9 percent  t o t a l  s o l i d s ,  s o  t h a t  t h e  mass ba lance  i n  Table  10 
shows a  l a r g e  d a i l y  accumulat ion of s o l i d s  w i t h i n  t h e  d i g e s t e r  ve s se l .  

40 
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TABLE 8. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL . ' 

SOLIDS PERCENTAGES FOR TEST 3* 1 

Level  
P o r t  number 

Date '5 4 3 2 1 
(wall  ) . ( cen te r )  

Middle 

Bottom 

* Gas mixing; 3 : l  feed  r a t i o ,  11-day HRT, and 4% t o t a l  
s o l i d s  i n  feed .  



TABLE 9. LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE I 

SOLIDS PERCENTAGES FOR TEST 3* I 
I 

, _.___ - - - . __ _ . . .__ . _ - _ _ _  - I 

L e v e l  
P o r t  number  

D a t e  5 4 3 2 1 
( w a l l )  ( c e n t e r )  

M i d d l e  1 / 1 6  
1 / 1 9  
1 / 2 3  

B o t t o m  1 / 1 6  
1 / 1 9  
1 / 2 3  

* Gas m i x i n g ,  3 : l  f e e d  r a t i o ,  11-day  HRT, a n d  4% t o t a l  

s o l i d s  i n  f e e d .  



. . 

TARLE 10. AVERAGE DAILY MASS FLOWS FOR TEST 3* 1 
- - - -.._ _ _ _  _ _  I . . . 1 

T o t a l  s o l i d s  V o l a t i l e  - s o l i d s  
I tem (kglday) (kglday 

Feed b lend  154 7 909 

E f f l u e n t  l i q u i d  i- 9 75 449 

Product g a s  306 306 

Mass o u t  
Mass i n  

Apparent accumulat ion "-'$: 266 154 

"-' Gas mixing,  3 : l  feed r a t i o ,  %I-day HRT, and 4% t o t a l  
s o l i d s  i n  f eed .  

N 

The mass t o t a l  g a s  produced was c a l c u l a t e d  from t h e  t o t a l  
ga s  product ion  and the  average gas  composi t ion a s  measured. 
It i s  p re sen t ed  h e r e  i n  u n i t s  of kg/day t o  a l l ow  t h e  r e a d e r  
t o  v i s u a l i z e  t h e  system mass ba l ance .  

.l..L 
.-- Apparent accumulation i s  c a l c u l a t e d  a s  t o t a l  mass i n p u t  p e r  

.day minus t o t a l  mass ou tpu t  p e r  day ( e f f l u e n t  and gas) .  
This  remainder is assumed t o  r e p r e s e n t  t h e  s o l i d s  accumulat ing 
w i t h i n  t h e  d i g e s t e r  v e s s e l .  



Along wi th  t he  h igh  r a t i o  of v o l a t i l e  a c i d s  t o  a l k a l i n i t y ,  t h e  gas 
composition d a t a  i n d i c a t e d  t h a t  a h e a l t h y  mic rob ia l  c u l t u r e  could not be 
maintained wi th  an 11-day HRT. Therefore ,  only t he  22 112-day HRT was used 
i n  the  fo l lowing  t e s t s .  

FOURTH TEST 

The cond i t i ons  f o r  t h i s  t e s t  were a s  fo l l ows :  ( 1 )  gas mixing mode, 
( 2 )  9: 1  r a t i o  of municipal  s o l i d  waste t o  sewage s ludge ,  ( 3 )  4  percent  t o t a l  
s o l i d s ,  and ( 4 )  v o l a t i l e  s o l i d s  l oad ing  r a t e  of 1.25 grams per l i t e r  per  day. 
The da t a  samples f o r  t h i s  t e s t  were taken  between March 23 and A p r i l  13 
of 1978. 

I n  Table  11, t h e  d a t a  r e f l e c t  t h e  r a p i d  s o l i d s  buildup. Except f o r  t h e  
sample taken from P o r t  5 ( t h e  p o r t  c l o s e s t  t o  t h e  w a l l ) ,  t h e  samples a t  t h e  
s t a r t  had r e l a t i v e l y  uniform t o t a l  s o l i d s  percentages.  Then a s  evidenced by 
t h e  top  l e v e l  d a t a  f o r  t he  next  few sampling d a t e s ,  t h e  percentages f o r  t he  
samples from P o r t s  1 through 4 g e n e r a l l y  i nc reased  p rog re s s ive ly  wi th  t h e  scum 
appa ren t ly  spreading  from t h e  w a l l s  toward t h e  cen t e r .  Within a  week, t h e  
scum extended over v i r t u a l l y  a l l  t h e  s u r f a c e  and had an average 18 percent  
t o t a l  s o l i d s .  Although t h e  d i g e s t e r  was obvious ly  not  w e l l  mixed, t h e  
microbes were appa ren t ly  hea l thy .  

On t h e  average ,  t he  gas  product ion  was about  34,000 l i t e r s  per day. The 
0.3 average f o r  t h e  r a t i o s  of t h e  v o l a t i l e  a c i d  t o  a l k a l i n i t y  i n d i c a t e d  t h a t  
t h e  ac id  and methane forming groups were f avo rab ly  balanced. The gas  composi- 
t i o n  was g e n e r a l l y  61 percent  methane and 35 percent  carbon dioxide.  While 
t h e  feed blend conta ined  3.5 percent  t o t a l  s o l i d s ,  t h e  e f f l u e n t  had 
1.8 percent  t o t a l  s o l i d s .  

The mass ba lance  i n  Table  13 shows t h a t  about h a l f  of t h e  s o l i d s  f e d  t o  
t h e  d i g e s t e r  were entrapped w i t h i n  t h e  scum and t h e r e f o r e  not r eac t ed .  

FIFTH TEST 

Except f o r  t h e  change t o  t h e  mechanical  mixing mode, t he  cond i t i ons  f o r  
t h i s  t e s t  were t h e  same a s  those  f o r  t h e  f o u r t h  test. The d a t a  samples f o r  
t h i s  t e s t  were taken  between A p r i l  20 and May 4 of 1978. 

A s  evidenced by t h e  t op  l e v e l  d a t a  I n  Table  14, t h e  h igh  t o t a l  s o l i d s  
concen t r a t i ons  and scum near  t h e  w a l l s  g r a d u a l l y  spread t o  Po r t  3  but d id  not  
reach  P o r t s  4 and 2. The very low pe rcen tages  f o r  t he  samples a t  t h e  middle 
and bottom l e v e l s  cor robora ted  t h e  prev ious  suppos i t i ons  t h a t  t h e  c e l l u l o s i c s  
i n  t he  well-mixed r eg ions  a r e  r a p i d l y  removed and captured i n  t h e  t op  . layer  
and t h e r e f o r e  no t  a v a i l a b l e  f o r  degrada t ion .  

Gas volume d a t a  f o r  t h i s  test were s u s p e c t  because of low readings.  
Th i s  susp i c ion  was confirmed i n  t h e  next  test  when on i n s p e c t i o n  i t  was, found 

. t h a t  t he  gas  meter had been malfunct ioning.  The i n v a l i d i t y  of t h e  gas  meter 

I . - ' 

d a t a ,  t h e r e f o r e ,  precluded k'omputing t h e  gas  product ion  r a t e s  f o r  t h e  f i f t h  
and s i x t h  t e s t s .  . 



. TABLE 1.1. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL t 

SOLIDS PERCENTAGES FOR TEST 4* 
-. - . . - - _ _ _  _ _ -- - -. - . - . . - , . . - . - . . . 

Level  
P o r t  number 

Date 5 4 3 2 1 
(wal l )  ( c e n t e r )  

Middle 3/23 
3/27 
3 / 30 
4/03 
4/06 
4 / 10 
4 /13  

Bottom 3/23 
3/27 
3/30 
4/03 
4/06 
4/10 
4/13 

* Gas mixing, 9 :  1 feed  r a t i o ,  22.5-day HRT', and 4% t o t a l  
s o l i d s  i n  feed.  



. TABLE 1 2 .  LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE ; 
SOLIDS PERCENTAGES FOR TEST 47: 

PQS t number, 
L e v e l  D a t e  5 4 3 2 1 

( w a l l )  ( c e n t e r )  

M i d d l e  

B o t t o m  

* Gas  m i x i n g ,  9 : l  f e e d  r a t i o ,  22.5-day HRT, a n d  4% t o t a l  
s o l i d s  i n  f e e d .  



! 
: TABLE 13. ' AVERAGE DAILY MASS FLOWS' FOR TEST 4,k , 

. .. . . . - . . - . . - . - . - . - - - ... . - -. 

Total solids Volatile. solids 
I tem (kglday (kglday 

Feed blend 724 485 

I Effluent liquid t 369 176 

Product gas 

Mass out 
Mass in 

Apparent accumulation ** 315 . 269 

* Gas mixing, 9:l feed ratio, 22.5-day HRT, and 4% total 
solids in feed. 

t The mass total gas produced was calculated from the total 
gas production and the average gas composition as measured. 
It is presented here in units of kg/day to allow the reader ' 

to visuali.ze the system mass bala~lce. 

** Apparent accumulation is calculated as total mass input per 
day minus total mass output per day (effluent and gas). 

,This remainder is assumed to represent the solids accumulating 
within the digester vessel. 



TABLE 14. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL 
I SOLIDS PERCENTAGES FOR TEST 5* I i 

P o r t  number 
L e v e l  Da te  5 4 3 2 1 

( w a l l )  ( c e n t e r )  

Middle 

Bottom 

* Mechanical  mix ing ,  9 : l  f e e d  r a t i o ,  22.5-day HRT, and 4% t o t a l  
s o l i d s  i n  feed .  



TABLE 15. LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE [ SOLIDS PERCENTAGES FOR TEST 5% 
_ _  _ _  - .  _ _  -- .. I 

Port number 
Level  Date 5 4 3 2 1 

(wal l )  ( c e n t e r )  

Middle 

Bottom 

'* Mechanical mixing, 9 : l  feed  r a t i o ,  22.5-day HRT; and 4% t o t a l  
s o l i d s  i n  feed .  



The gas  c o m p o s i t i o n  was g e n e r a l l y  60 p e r c e n t  methane and 35 p e r c e n t  
ca rbon  d i o x i d e .  While t h e  f e e d  blend c o n t a i n e d  4.0 p e r c e n t  t o t a l  s o l i d s ,  
' t h e  e f f l u e n t  had 1.2 p e r c e n t  t o t a l  s o l i d s .  The r a t i o  of v o l a t i l e  a c i d s  t o  
a l k a l i n i t y  was 0.1. 

A s  shown i n  T a b l e  16 ,  t h e  mass b a l a n c e  f o r  t h e  f i f t h  t e s t  cou ld  n o t  
be completed because  of t h e  l a c k  of v a l i d  g a s  meter  d a t a .  

SIXTH TEST 

The c o n d i t i o n s  f o r  t h i s  t e s t  were as f o l l o w s :  ( 1 )  mechan ica l  mixing 
mode, ( 2 )  9 : l  r a t i o  o f  m u n i c i p a l  s o l i d  w a s t e  t o  sewage s l u d g e ,  ( 3 )  7  p e r c e n t  
t o t a l  s o l i d s ,  and  ( 4 )  v o l a t i l e  s o l i d s  l o a d i n g  r a t e  of 2.2 grams p e r  l i t e r  pe r  
day. The d a t a  samples  f o r  t h i s  t e s t  were t aken  between June  5  and June  22 
of 1978. 

A s  ev idenced  by t h e  d a t a  i n  Tab le  17, t h e  t o p  l e v e l  samples  from 
P o r t s  3 ,  4,  and 5  had h i g h  t o t a l  s o l i d s  p e r c e n t a g e s  whereas t h o s e  from 
P o r t s  1 and 2  had g e n e r a l l y  v e r y  low p e r c e n t a g e s  th roughout  t h e . t e s t  pe r iod .  ' 

The scum p r o g r e s s i v e l y  d r i e d  u n t i l  i t  was s o  ha rd  t h a t  some samples  cou ld  no t  
be  withdrawn from P o r t s  3  and 4. Although t h e  f e e d s t o c k  had a  7 p e r c e n t  t o t a l  
s o l i d s ,  t h e  samples  t a k e n  a t  - t h e  well-mixed middle  and bottom l e v e l s  had t o t a l  
s o l i d s  p e r c e n t a g e s  r a n g i n g  o n l y  from 0.7 t o  3.8 w i t h  o n l y  7  of t h e  50 samples 
hav ing  p e r c e n t a g e s  above 2.0. 

The g a s  c o m p o s i t i o n  was g e n e r a l l y  60 p e r c e n t  metbane and  35 p e r c e n t  
ca rbon  d i o x i d e .  ' W h i l e  t h e  f e e d  blend c o n t a i n e d  6.5 p e r c e n t  t o t a l  s o l i d s ,  t h e  
e f f l u e n t  had 1.7 p e r c e n t  t o t a l  s o l i d s .  The r a t i o  of v o l a t i l e  a c i d s  t o  
a l k a l i n i t y  was 0.2. 

As f o r  t h e  f i f t h  t es t ,  t h e  mass b a l a n c e  f o r  t h e  s i x t h  tes t ,  as shown 
i n  Tab le  19,  c o u l d  n o t  be completed because  of t h e  l a c k  of v a l i d  gas  meter  
d a t a .  

I SEVENTH TEST 

Except  f o r  t h e  change t o  t h e  g a s  mixing mode, t h e  c o n d i t i o n s  f o r  t h i s  
t e s t  were t h e  same as t h o s e  f o r  t h e  s i x t h  t e s t .  The d a t a  samples  f o r  t h i s  
test were t a k e n  between J u l y  3  and J u l y  20 of 1978. 

The d a t a  i n  T a b l e  20 f o r  t h e  t o p  l e v e l  samples show a f a i r l y  c o n s t a n t  
s o l i d s  accumu-la t ion t h r o u g h o u t  t h e  t o p  l a y e r  and t h e  t e s t  p e r i o d  w i t h  on ly  
t h e  p e r c e n t a g e s  f o r  t h e  samples  t a k e n  from P o r t s  1 and 2  b e i n g  a p p r e c i a b l y  
l e s s  t h a n  t h e  a v e r a g e  v a l u e .  The scum was s o  dense  and d r y  t h a t  no samples 
f o r  t h e  middle  and bot tom l e v e l s  cou ld  be withdrawn from P o r t s  3  and 4. 
Again, t h e  samples  t a k e n  a t  t h e  well-mixed middle  and bottom l e v e l s  had t o t a l  
s o l i d s  p e r c e n t a g e s  r a n g i n g  from on ly  0.6 t o  3.2 p e r c e n t  w i t h  o n l y  3 of t h e  
32 samples h a v i n g  p e r c e n t a g e s  above 2.0. 

The a v e r a g e  g a s  producti6i.1.. w a s  abou t  40,000 l i te rs  p e r  day. The . g a s  
compos i t ion  was g e n e r a l l y  72 p e r c e n t  methane and 24 p e r c e n t  c a r b o n  d iox ide .  



Total solids Volatile solids 

Item (kglday) (kglday 1 

Feed blend 706 485 

Effluent liquid t 212 104 

Product gas gas meter malfunction 

Mass out 
Mass in 

Apparent accumulation ** 

* Mechanical mixing, 9:l feed ratio, 22.5-day HRT, and 4% total 
solids in feed. - 

t The mass total gas produced was calculated from the total 
gas production and the average gas composition as measured. 
It is presented.here in units of kg/day to allow the reader 
to visualize the system mass balance. 

** Apparent accumulation is calculated as total mass input per 
day minus total mass output per day (effluent and gas). 
This remainder is assumed to represent the solids accumulating 
within the digester vessel. 



! TABLE - 17. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL . 
SOLIDS PERCENTAGES FOR TEST 6* 

-- ---- _ _ _  _ .  _ _ _ ~  _ __ _ _ _  . ._ ._ _ -.--. 

P o r t  number 
Level  Date 5 4 3 2 1 

(wall)  ( c e n t e r )  

Bottom 

.* Mechanical mixing, 9 : l  feed r a t i o ,  22.5-day HRT, and 
7% t o t a l  s o l i d s  i n  feed.  



j TABLE 18. LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE i 
SOLIDS PERCENTAGES FOR TES9.6* 

P o r t  number 
L e v e l ,  Date 5 4 3 2 1 

(wa l l )  ( c e n t e r )  

Middle 6 / 05 55.8 - - 45.6 45.0 47 .1  
6/08 65.7 -- 58.0 67.8 63.1 
6/12 64.7 58.7 . 56.7 62.9 65.3 
6/15 54.8 - - 54.5 51.4 49.4 
6 / 19 58.0 40.1 -- 56.0 55.4 
6/22 61.7 59.0 -- 57.7 56.8 

Bottom 6/05 53.3 - - 48.5 58.8 55.8 
6/08 39.8 - - 71.4 68.6 78.9 
6 / 12 61.5 57.7 61.2 58.9 62.5 
6/15 57.5 - - 54.8 48.8 52.0 
6/19 54.8 58.5 -- 57.8 62.5 
6/22 62.3 58.3 -- 58.8 60.3 

. ' . * ~ e c h a n i c a l  mixing,  9: 1 feed r a t i o ,  22.5-day HRT, and 
7% t o t a l  s o l i d s  i n  feed.  



0 .  - . . - ,  

TABLE 19. AVERAGE DAILY MASS FLOWS FOR TEST 6* i: -- --- - -- -- 

I tem 
T o t a l  s o l i d s  V o l a t i l e  s o l i d s  

(kg/day (kg/day)  
- -- - - - 

Feed b lend  

E f f l u e n t  l i q u i d  * 680 401 

Produc t  g a s  g a s  m e t e r  m a l f u n c t i o n  

Mass o u t  
Mass i n  

Apparent accumulat ion** -- -- 

* Gas mixing,  9 : l  f e e d  r a t i o ,  22.5-day HRT, and 7% t o t a l  
s o l i d s  i n  f e e d .  

t The mass t o t a l  g a s  produced was c a l c u l a t e d  from t h e  t o t a l  
g a s  p r o d u c t i o n  and t h e  a v e r a g e  g a s  c o m p o s i t i o n  as measured. 
It i s  p r e s e n t e d  h e r e  i n  u n i t s  o f  kg/day t o  a l l o w  t h e  r e a d e r  
t o  v i s u a l i z e  t h e  sys tem m a s s  b a l a n c e .  

** Apparent  accumula t ion  i s  c a l c u l a t e d  as t o t a l  m a s s  i n p u t .  p e r  
day minus t o t a l  m a s s  o u t p u t  p e r  day ( e f f l u e n t  and g a s ) .  
T h i s  remainder  is  assumed t o  r e p r e s e n t  t h e  s o l i d s  accumulati ,ng 
w i t h i n  t h e  d i g e s t e r  vessel. 



TABLE 20. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL SOLIDS,  
PERCENTAGES FOR TEST 7 k  _ _ _  __ _ _ _ _  

P o r t  . . number . . 

Level Date 5 4 3 2 1 
(wall)  ( cen te r )  

Middle 

Bottom 

* Gas mixing, 9 t l  feed r a t i o ,  22.5-day HRT, and 7% t o t a l  
s o l i d s  i n  feed.  . . 



i TABLE 21.  LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE 1 
! SOLIDS PERCENTAGES FOR TEST 7* I 

P o r t  number  
L e v e l  D a t e  5 4 3 2 1 

( w a l l )  ( c e n t e r )  

M i d d l e  

B o t t o m  7 / 0 3  
7 / 0 6  
7 / 1 0  
7 / 1 3  
7 / 1 7  
7 / 2 0  

* Gas m i x i n g ,  9: 1 f e e d  r a t i o ,  22 .5 -day  HRT, and 7% t o t a l  
s o l i d s  i n  f e e d .  



While t he  feed blend contained 6.2 percent  t o t a l  s o l i d s ,  t h e  e f f l u e n t  had 
1.3 percent  t o t a l  s o l i d s .  The r a t i o  of v o l a t i l e  a c i d s  t o  a l k a l i n i t y  was 0.5. 

The mass balance i n  Table  22 a l s o  i n d i c a t e s  t he  l a r g e  s o l i d s  accumula- 
t i o n s .  These accunu la t i ons  w i t h  t h e  7 percent  t o t a l  s o l i d s  f eeds tock  a r e  
much g r e a t e r  than those  i n  t h e  t e s t s  wi th  t h e  4 percent  t o t a l  s o l i d s  feed- 
s tock.  

EIGHTH TEST 

The cond i t i ons  f o r  t h i s  t e s t  were a s  fol lows:  (1)  gas  mixing, ( 2 )  9 : l  
r a t i o  of municipal  s o l i d  waste  t o  sewage s ludge,  ( 3 )  10 percent  t o t a l  s o l i d s ,  
and (4)  v o l a t i l e  s o l i d s  load ing  r a t e  of 3.2 grams per  day. The d a t a  samples 
f o r  t h i s  t e s t  were taken  between J u l y  24 and August 8 of 1978. 

A s  shown i n  Table  23, t h e  d a t a  f o r  t h e  t op  l e v e l  samples through t h e  
f i r s t  four  of the  seven sampling d a t e s  ' a r e  s i m i l a r  t o  those  i n  t h e  seventh  
test i n  t h a t  they show a f a i r l y  cons t an t  s o l i d s  accumulation throughout t h e  . 
t o p  l a y e r  w i t h  only t h e  percentages  f o r  t h e  samples taken from P o r t s  1 and 2 
being app rec i ab ly  l e s s  than t h e  average  value.  While t h e  d a t a  f o r  t h e  middle 
and bottom l e v e l s  show t h a t  t h e  lower r eg ions  were we l l  mixed, t he se  reg ions  
had t o t a l  s o l i d s  concen t r a t i ons  s t i l l  lower then those i n  t h e  seventh  test 
wi th  no sample having a percentage  more t han  1.7. 

On t h e  average ,  t h e  gas was about 82,000 l i t e r s  per  day. 
The gas composition was g e n e r a l l y  65 pe rcen t  methane and 31 pe rcen t  carbon 
dioxide.  While t h e  feed  blend conta ined  10.1 .percent t o t a l  s o l i d s ,  t h e  
e f f l u e n t  had 1.7 pe rcen t  t o t a l  s o l i d s .  The r a t i o  of v o l a t i l e  a c i d s  t o  
a l k a l i n i t y  was 0.2. 

The mass balance i n  Table 25 shows t h a t  most of t h e  f eeds tock  s o l i d s  had 
accumulated i n  t h e  v e s s e l .  

N I N T H  TEST 

Except f o r  t he  change t o  t h e  mechanical mixing mode, t h e  c o n d i t i o n s  f o r  
t h i s  t e s t  were t h e  same a s  those  f o r  t h e  e i g h t h  t e s t .  The d a t a  samples f o r  
t h i s  t e s t  were taken between August 17 and September 14 of 1978. . 

Although no t  a s  c l e a r l y  de f ined  nor  a s  c o n s i s t e n t  a s  t h e  d a t a  f o r  t h e  
seventh  and e i g h t h  tests,  t h e  d a t a  f o r  t h e  t op  l e v e l  samples i n  Table  26 
p re sen t  a p a t t e r n  s i m i l a r  t o  t hose  i n  t h e  preceding tests. I n  comparison 
w i t h  t h e  very  low t o t a l  s o l i d s  pe rcen tages  f o r  t h e  samples a t  the middle and 
bottom l e v e l s  i n  t h e  e i g h t h  tes t ,  t hose  i n  t h e  n i n t h  t e s t  a r e  s l i g h t l y  
higher .  

On t h e  average,  t h e  gas  p roduc t ion  was about 82,000 l i t e r s  per  day. The 
gas  composition was g e n e r a l l y  75 pe rcen t  methane and 24 pe rcen t  carbon' 

. ' dioxide.  While t h e  feed  blend con ta ined  10.9 percent  t o t a l  s o l i d s ,  t h e  
e f f l u e n t  had 1.3 percent  t o t a l  s o l i d s .  The r a t i o  of v o l a t i l e  a c i d s  t o  
a l k a l i n i t y  was 0.5. 



I TABLE -22. AVERAGE DAILY . MASS FLOWS FOR TEST 7* 1 

T o t a l  s o l i d s  V o l a t i l e  s o l i d s  
I tern 

(kglday)  (kglday)  

Feed b lend  2508 1778 

E f f l u e n t  l i q u i d  t 514 296 

Product gas  4 2 42 

Mass o u t  
Mass i n  

Apparent accumulat ion **. 1952 1440 

* Gas mixing, 9 : l  f eed  r a t i o ,  22.5-day HRT, and 7 % . . t o t a l  
s o l i d s  i n  feed .  

t The mass t o t a l  ga s  produced was c a l c u l a t e d  from t h e  t o t a l  
gas p roduc t ion  and t h e  ave rage  gas  composition a s  measured. 
It 'is p re sen t ed  h e r e  i n  u n i t s  .of kglday t o  a l l ow  t h e  r eade r  
t o  v i s u a l i z e  t h e  system mass ba lance .  

** Apparent accumulat ion i s  c a l c u l a t e d  a s  t o t a l  mass i n p u t  p e r  
day minus t o t a l  mass o u t p u t  p e r  day ( e f f l u e n t  and g a s ) .  

.This  remainder i s  assumed t o  r e p r e s e n t  t h e  s o l i d s  accumulat ing 
w i t h i n  t h e  d i g e s t e r  v e s s e l .  



I 

TABLE 23. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL SOLIDS i 
I - PERCENTAGES FOR TEST 8* a 

- -  - . - .- -- 

P o r t  number 
L e v e l  Date 5 4 3 2 1 

( w a l l )  ( c e n t e r )  

Middle 

Bottom 

* Gas mixing;  9 : l  f e e d  r a t i o ,  22.5-day HRT, and 10% t o t a l  
s o l i d s  i n  f e e d .  



TABLE 24. LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE j 
I - SOLIDS. PERCENTAGES FOR TEST 8* I 

. P o r t  number 
D a t e  5 4 3 2 1 L e v e l  

( w a l l )  ( c e n t e r )  

M i d d l e  

Bot tom 

*Gas mixing, 9 : l  f e e d  r a t i o ,  22.5-day HRT, a n d  10% t o t a l  
s o l i d s  in f e e d .  



- 
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TABLE 25. AVERAGE DAILY MASS FLOWS. FOR TEST 8% , 
, -. . . . - . . .- .. --. . -  - -  . - - -  - i 

T o t a l  s o l i d s  
I t e m  V o l a t i l e  s o l i d s  

(kglday) (kglday 1 

Feed blend 3960 2840 

E f f l u e n t  l i q u i d ?  660 360 

Product  ga s  8 0 8 0 

Mass o u t  
Mass i n  

Apparent accumulation** . 3220 . 2400 

* *Gas mixing, 9 : l  f eed  r a t i o ,  22.5-day HRT, and 10% t o t a l  
s o l i d s  i n  feed .  

t The mass t o t a l  ga s  produced was c a l c u l a t e d  from t h e  t o t a l  
gas  p r o d u c ~ i o n  and t h e  average  gas  composi t ion as measured. 
It is  p re sen t ed  h e r e  i n  u n i t s  of kg/day t o  a l l o w  t h e  r eade r  
t o  v i s u a l i z e  t h e  system mass balance.  

** Apparent accumulat ion i s  c a l c u l a t e d  a s  t o t a l  mass i n p u t  p e r  
day minus t o t a l  mass ou tpu t  pe r  day ( e f f l u e n t  and g a s ) .  
Th i s  remainder is  assumed. to- represen t -  t h e  s o l i d s  accumulat ing 
w i t h i n  t h e  d i g e s t e r  v e s s e l .  



I TABLE 26. LEVEL-PORT NUMBER DISTRIBUTION OF TOTAL SOLIDS I 

- PERCENTAGES FOR TEST 9* , 
1. - - - -  - _ . _  _ _  --..  - - - - - _ _ _ I  

Level  
P o r t  number , 

Date 5 4 3 2 1 
(wal l  ( cen te r )  

Middle 

Bottom 8/17 
8 /21  
8/24 
8/28 
8 /31  

' 9/04 
9/07 
9/11 
9/14 

* Mechanical mixing, 9 : l  feed  r a t i o ,  22.5-day HRT, and 10% t o t a l  
s o l i d s  i n  feed.  



I 

1 TABLE 27. LEVEL-PORT NUMBER DISTRIBUTION OF VOLATILE 
- . SOLIDS PERCENTAGES FOR TEST .9* . 

I 
- I ....- . - - .  

P o r t  number 
Leve l  Date  5 4 3 2 1 

( w a l l )  ( c e n t e r )  

Middle 

Bottom 

.*Mechanical  mixing,  9 : l  f e e d  r a t i o ,  22.5-day HRT, and 10% t o t a l  
s o l i d s  i n  f e e d .  



L i k e  t h e  mass ba lance  f o r  t h e  e i g h t h  t e s t ,  t h a t  f o r  t h e  n i n t h  t e s t  i n  
Tab le  28 shows t h a t  most of t h e  f e e d s t o c k  had accumulated i n  t h e  d i g e s t e r  
v e s s e l .  

T a b l e  29 'summarizes t h e  r e s u l t s  of t h e  n i n e  t e s t s .  For convenience 
i n  comparing t h e  d a t a  f o r  t h e  n i n e  t e s t s ,  t h i s  t a b l e  i n c l u d e s  t h e  planned 
t e s t  c o n d i t i o n s .  - 

When t h e  d i g e s t e r  v e s s e l  was empt ied a g a i n  a f t e r  t h e  n i n t h  t e s t ,  t h e  
s t r i n g e r s  around t h e  s h a f t  of t h e  mechan ica l  a g i t a t o r  were much g r e a t e r  t h a n  
t h o s e  observed a f t e r  t h e  f i r s t  v e s s e l  emptying. I n  a d d i t i o n ,  t h e  e x c e s s i v e  
and i r r e g u l a r  f o r c e s  caused by t h e  s t r i n g e r s  had t w i s t e d  a l l  i m p e l l e r  b l a d e s ,  
broken t h e  mounting b o l t s  of some of t h e  b l a d e s ,  and b e n t  t h e  s h a f t .  

Also observed  a f t e r  t h e  second v e s s e l  emptying was t h e  iinexpected l a r g e  
s o l i d s  accumula t ion  i n  t h e  bubble-forming chamber of each  g a s  gun assembly. 
The s o l i d s  had accumulated s o  e x t e n s i v e l y  t h a t  t h e  chamber volume and t h e  g a s  
passage  were d r a s t i c a l l y  reduced.  Consequen t ly ,  a t  some t ime  d u r i n g  t h e  t e s t  
p e r i o d ,  t h e  bubbles  l e a v i n g  t h e  chamber were t o o  s m a l l  t o  comple te ly  f i l l  t h e  
d r a f t  tube.  When t h i s  c o n d i t i o n  p r e v a i l e d ,  t h e  bubbles  would have ceased 
t o  promote t h e  f l u i d  mixing because  t h e y  would no l o n g e r  s e r v e  a s  p i s t o n s . ,  
S i n c e  t h e  e f f o r t s  t o  remove t h e  s o l i d s  th rough  t h e  p i p e c l e a n i n g  l i n e  proved 
i n a d e q u a t e ,  t h e  manufac tu re r  of t h e  g a s  mixing system o f f e r e d  s u g g e s t i o n s  t o  
improve t h e  c l e a n i n g .  The l e t t e r  p r e s e n t i n g  t h e s e  s u g g e s t i o n s  i s  reproduced 
i n  t h e  Appendix. 



- ..- . . ,  
I I 

TABLE 28. AVERAGE DAILY MASS FLOWS FOR TEST 9* 
! -----_.- - - ---.- ---- __ - - - I - 8 

Total solids Volatile solids 
Item -(kg/day) (kg/day 

Feed blend 

Effluent liquid t 510 261 

Product gas 

Mass out 
Mass in 

Apparent accumulation ** 3689 2678 

* Mechanical mixing, 9:l feed ratio, 22.5-day HRT, and 10% total 
solids in feed. 

t The mass total gas produced was calculated from the total 
gas production and the average gas composition as measured. 
It is presented here in units of kg/day to allow the reader 
to visualize .the system mass balance. 

** Apparent accumulation is calculated as total mass input per 
day minus total. mass ,o.utput. per day (effluent and .gas) ; . 
This remainder is assumed to represent the solids accumulating 
within the digester vessel. 



Parameter 
Test number 

.1. 2 - 3 4 5 6 7 8 9 

Mixing Mode 

Feedstock ratio 
-(MSW: sewage sludge) 3.1 3.1 . 3.1 9.1 9.1 9.1 9.1 9.1 9.1 / 
,Planned feedstock 
,total solid (%) 4 4 4 4 4 7 7 10 10 1 
~~draulic retention 
time (days) 22.5 22.5 11 22.5 22.5. 22.5 ' 22.5 22.5 22.5 

Actual feedstock 
. total solids (%) 4.3 4.5 4.5 3.5 4.0 6.5 6.2 10.1 10.9 1 

test 
conditions 

a : , p .  

.U~'~~ffluent 
:total solids (%) 3.3 3.3 2.9 1.8 1.2 1.7 1.3 1.7 1.3 

'~6s production 
(1 per day) 76,:500 187,000 204,000 34,000 .--- --- 40,000 82,000 85,000 

%as composition . 

(of CHQ: of C02), 71:23 62:33 35:62 61:35 60:35 60:35 72:24 65:31 75.24 

I measured 
results 

Volatile acid to 
alkalinity ratio 0.7 0.1 0.8 0.3 0.1 0.2 0.5 0.2 0.5 1 
* G - Gas, M - Mechanical 



LETTER FROM AERO-HYDRAULICS CORPORATION 

TELEPHONE: 15141 0 3 1 - 5 5 0 8  
TELEX: 05.821714 

CABLE ADDRESS: AERnVD 

AERO-HYDRAULICS 
CORPORATION 

. 1 0 3 5 5  COTE DE L I E S S E  ROAD 

DORVAL. OUBBEC. C A N A D A  

H9P 1A6 

May 1st. 1979 

S y s t e m s  T e c h n o l o g y  C o r p o r a t i o n ,  
245 N. V a l l e y  Road ,  . . 

X e n i a ,  O h i o  45385 

A t t .  D r .  J.R. S w a r t z b a u g h  Ph.D/ M s  C.E. J a r v i s  

S u b j e c t :  B i o q a s i f i c a t i o n  M i x i n q  S t u d y  

Dear  S i r s ,  

W e  w i s h  t o  t h a n k  you f o r  t h e  ~ r e l i m i n a r y  c o p y  o f  
y o u r  r e p o r t  on t h e  a b o v e  s u b j e c t .  

A t  t h e  t i m e  o f  i t s  r e c e i p t  we h a d  v e r y  l i t t l e  
comment t o  make o t h e r  t han .  t h e  f a c t  t h a t  t h e  m e c h a n i c a l  . 

. end ( b l o w e * ~ ,  p r e s s u r e  s w i t c h e s  e t c . )  s h o u l d  h a v e  b e e n  
more  f o o l - p r o o f  t h a n  w a s  f a c t . '  A l s o  m i s s i n g  o n e - t h i r d  o f  
t h e  m i x i n g  power ,when o n e  o f  t h e  " g u n s "  was  n o t  f u n c t i o n i n g  
d u e  t o  b l o c k i n g ,  w a s  q u i t e , ,  a  l o s s  t o  t h e  e f f i c i e n c y  o f  t h e  ; . 

s y s t e m .  , . 

I n  t h e  l i g h t  o f  y o u r  r e p o r t  i t  was  d e c i d e d  t h a t ,  
w i t h  t h e  n o t e d  c h a r a c t e r i s t i c s  o f  t h e  s l u d g e  i n v o l v e d ,  we 
s h o u l d  r e v i e w  a n d  r e s e a r c h  a  " c u s t o m i . z e d " '  s o l u t i o n  t o  s u i t  
t h e  c o n d i t i o n s  i n  w h i c h  t h e  u n i t  w o u l d  work.  

The p a r a m e t e r s  t o  w o r k  t o  w e r e  r o u g h l y  e s t a b l i s h e d  
a s  f o l l o w s :  

1.- Rev iew t h e  b u b b l e  g e n e r a t o r  d e s i g n  s o  t h a t  " d e a d "  c o r n e r s  
i n  t h e  c h a m b e r s ~ . w o u l d  be a l l  b u t  t o t a l l y  e l i m i n a t e d .  
T h i s  ,would  mean a c o n t i n u o u s  b e n d  g e n e r a t o r  r a t h e r  t h a n  
t h e  c a n i s t e r  and  p i p e  d e s i g n  w h i c h  h a s  b e e n  s o  s u c c e s s f u l  
i n  o r d i n a r y  s l u d g e s .  . . 
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2 .- D e v e l o p  a n  a l t e r n a t i v e  me thod  f o r  i n t r o d u c i n g  t h e .  b u b b l e  
i n t o  t h e  s t a c k  o f  t h e  u n i t  t o  r e d u c e  p o s s i b l e  h a n g  u p  
a r e a s  and g i v e  a f r e ~ r  p a t h  f o r  l i q u i d  movement though  
t h e  s t a c k .  

3 . -  C o n s i d e r  s u s p e n d i n g  t h e  u n i t s  f r o m  t h e  r o o f  w i t h  a  
s e a l e d  manho le  s o  t h a t  t h e  u n i t  c o u l d  be removed w i t h o u t  
l o s i n g  g a s  p r e s s u r e .  

4 . -  C o n s i d e r  u s i n g  a n  1 8 "  d i a m e t e r  u n i t  t o  i n c r e a s e  f l o w  a r e a s  
i n  b o t h  s t a c k  and g e n e r a t o r  a n d  a l s o  t o  i n t r o d u c e  h e a v i e r  
p u n c h i n g  power  t o  b r e a k  down t h e  scum l a y e r .  

5.- I n c r e a s e  s t a c k  l e n g t h .    hi's g i v e s  g r e a t e r  pumping Dower, 
b u t  wou ld  o n l y  be p o s s i b l e  i n  a  d i g e s t e r  w i t h  g r e a t e r  d e p t h .  

W e  h a v e  worked  on i t e m s  1 and 2 and h a v e  s u c c e e d e d  i n  
d e v e l o p i n g  a  new fo rm o f  o u r  p a t e n t e d  b u b b l e  g e n e r a t o r  i n  wh ich  
a l l  s e c t i o n s  a r e  f r e e  f l o w  p i p e s  i n  c o n t i n u o u s  b e n d s  and a l l  . 

a r e a s  a r e  s e l f - s c o u r i n g .  W e  a l s o  h a v e  d e v e l o p e d  a method o f  
s i d e  e n t r y  o,f t h e  b u b b l e *  i n t o  t h e  s t a c k .  T h i s  a l l o w s  u s  f a r  
g r e a t e r  f l e x i b i l i t y  i n  s e t t i n g  t h e  1e"el o f  t h e  b o t t o m  end o f  
t h e  s t a c k  and  d e p e n d i n g  on t h e  job a l l o w s  u s  t o  v a r y  t h e  l e v e l  
o f  t h e  b u b b l e  g e n e r a t o r  i n  r e l a t i o n  t o  t h e  b o t t o m  o f  t h e  s t a c k .  
We h a v e  a  U.S. p a t e n t  p e n d i n g  on o u r  new i d e a s .  

T h i s  newer  u n - i t ,  a s  a p p l i e d  t o  u n u s u a l  t y p e  w a s t e s  . 

s u c h  a s  w e r e  i n v o l v e d  a t  F r a n k l i n ,  i s  e f f e c t i v e  i n  p r o v i d i n g  
c o n t i n u o u s  o p e r a t i o n .  Even t h e  e f f e c t  o f  t h e  r o d d i n g  l i n e  is  
i n c r e a s e d  b e c a u s e  o f  t h e  a b i l i t y  o f  t h e  r o d  t o  a b s o l u t e l y  
s c o u r  a l l  a r e a s .  

Wi th  r e f e r e n c e  t o  i t e m  3 ,  4  and  5 ,  h i n d s i g h t  would  
i n d i c a t e  t h a t  a n  1 8 "  u n i t  w o u l d  h a v e  h a d  much improved p u n c h i n g  
power a t  t h e  s u r f a c e  and  we b e l i e v e  t h i s  wou ld  h a v e  a s s i s t e d  
much more  i n  b r e a k i n g  u p  t h e  scum l a y e r  e x p e r i e n c e d .  Roof 
s u s p e n s i o n  may n o t  h a v e  b e e n  p o s s i b l e  d u e  t o  s t r i c t u r e s  o f  t h e  
r o o f  d e s i g n .  S t a c k  l e n g t h  i s  r e l a t e d  t o  s i d e  w a t e r  d e p t h  s o  
n o t  t o o  much c o u l d  h a v e  b e e n  m o d i f i e d  i n  t h i s  r e s ~ e c t .  

To c o n c l u d e ,  t h e  m o d i f i c a t i o n s  o u t l i n e d  a b o v e  i n '  
i t e m s  1, 2 & 4 ,  wou ld  h a v e  m a t e r i a l l y  i n c r e a s e d  t h e  p e r f o r m a n c e  
o f  o u r  u n i t s .  o v e r  t h a t  r e c o r d e d  i n  y o u r  r e p o r t ,  w i t h  l i t t l e  
i n c r e a s e  i n  h o r s e p o w e r  n e e d s .  



W e  w e r e  g r a t e f u l  t o  h a v e  b e e n  i n c l u d e d  i n  t h e  
e x p e r i m e n t s  a n d ,  a s  a  m a t t e r  o f  i n t e r e s t ,  t h e  t h r e e  
4 5  g a l l o n  d r u m s ' o f  t h e  F r a n k l i n  w a s t e  m a t e r i a l  w h i c h  we 
had l e f t  o v e r  w e r e  of immense u s e  i n  f i n a l i z i n g  t h e  
c o n t i n u o u s  b e n d  b u b b l e  g e n e r a t o r .  

Yours  v e r y  t r u l y ,  

< &';flc-& 

D . S .  Murphy, ~ e n & a l  Maneger 

D S M / ~ B  

C . C .  J. DeVos 






