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(ABSTRACT)

Combined activated sludge-fixed film media treatment
systems are an interesting innovation in treatment
technology. By adding media into the aeration basin,
increased biomass concentrations may be maintained with
little or no increase in solids loading to the clarifier.
The ideal combined system can treat higher organic and
ammonia loadings than a conventional system, and is more
resistant to temperature changes and shock loadings.
Overloaded plants can be outfitted with media as an
alternative to plant expansion, and initial designs of
combined systems can result in smaller aeration basins and
clarifiers in places of land scarcity.

This thesis presents an application of the combined
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system to treatment of a high strength, high ammonia
industrial wastewater. Specific project goals were to
observe nitrification, COD removal, sludge production, and
settling properties.

The wastewater nominally contained 3000 mgCOD/L and 120
mgTKN/L. The LINPOR media, polystyrene 12mm cubes produced
by the LINDE CO.INC., was used in the experiments. Media
concentration and mixed liquor MCRT were varied to evaluate
system performance.

Results indicated that the greatest attribute of LINPOR
systems was their ability to maintain high nitrification
levels. In the control experiments nitrification was
inhibited, but in media experiments, nitrification was well
established, with close to 100 percent nitrification
observed at high (40 percent) media concentrations. Sludge
dewatering improvements also were observed.

No consistent benefits were revealed in the case of
settling properties, COD removal, or sludge production.
Media addition had a positive influence on settling
properties and sludge production only at low mixed liquor

MCRTs.
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I. INTRODUCTION

This investigation was initiated by the Eastman Kodak,
Tennessee Eastman Division to address potential
improvements/upgrades in their current treatment system.
Future production increases as well as current operating
problems have led to the preliminary evaluation of
alternatives for process improvement. Currently, poor
settling properties have been inherent in plant operation,
and sludge disposal costs are unfavorable. In the future it
is expected that production increases will result in higher
ammonia-N and organic loadings to the treatment plant.
Claimed benefits of combined activated sludge-fixed film
media systems address all of these concerns, and the overall
goal of this study was to assess the effectiveness of this
type of system in treating the wastewater produced at this
facility.

Combined activated sludge-fixed film media biological
treatment systems are an interesting innovation in treatment
technology. Previous studies demonstrate that to increase
treatment performance of activated sludge systems, a medium
can be added into the aeration basin to maintain higher
biomass concentrations (Hegemann, 1984; Haseltine, 1991).
This media supports growth of an attached biomass which is

independent of the mixed liquor biomass. The attached



biomass effectively raises the sludge age of the system
without increasing the solids loading on the clarifier.
This combined system can treat higher organic and ammonia
loadings than a conventional system, and is more resistant
to problems associated with temperature changes and shock
loadings. These advantages could be used to mitigate
problems found in overloaded plants, where addition of a
medium could be much more economical than plant expansion.
Also, combined treatment systems could allow for design of
smaller aeration basins and clarifiers in the case of new
treatment facilities (Rogalla, 1989; Reimann, 1984; Reimann,
1987).

Currently, several types of media are actively being
researched, including CAPTOR produced by Simon Hartley,
Inc., Ringlace by the Japan Engineering and Trading Co.
Ltd., and LINPOR by Linde AG. The LINPOR media was selected
for this project. This media has been evaluated in pilot and
full scale systems treating domestic wastewaters, mostly in
Germany, and in some industrial wastewater applications as
well.

The overall objective of this research was to
investigate the reported characteristics of combined
activated sludge-fixed film media systems when applied to

treatment of a high strength, high ammonia nitrogen



industrial wastewater. The specific goals were to observe:

* Nitrification rates,
* Carbon oxidation rates,
* Biomass settling properties, and

* Sludge production.

These treatment properties were investigated by
comparing performance data from experimental systems
operated with different media concentrations and different

mixed liquor mean cell residence times.



II. LITERATURE REVIEW

Combined activated sludge-fixed film media biological
treatment systems have been of interest for some time.
However, early research on such combined systems yielded
results indicating uncertain benefits. 1Initially, studies
were performed with media materials such as spheres of
stainless steel wire (Atkinson, 1984), marble particles
(Lewandowski, 1983), and biofilter packing materials
(Rogalla, 1989, Haseltine, 1991). The major problem with
these materials was an inability either to maintain a high
biomass on the media support particles, and/or to keep the
particles in suspension in the aeration basin (Heidman,
1988). Second generation materials, porous foam, seem to
have overcome these limitations. Porous foam particles can
provide an environment which supports significant growth of
attached biomass and, when laden with biomass, can be easily
suspended in the activated sludge basin with only the
influence of aeration. The LINPOR medium is a polystyrene
foam cube of approximately 12 mm length sides, with a
specific gravity of approximately 1 when laden with biomass.
It is 97 percent porous, with an average pore size of 0.5-
0.7 mm (Boyle, 1986), and a specific surface area of 1-5 x
10 m’/m* (Reimann, 1984).

Extensive preliminary investigations have been



performed using the LINPOR media in both pilot and full
scale treatment of domestic wastewaters, as well as some
evaluation of industrial applications. Originally targeted
as a means of improving nitrification, experimental results
soon revealed additional potential benefits, including
simultaneous denitrification, enhanced settling properties
and carbon oxidation, and decreased sludge production

(Rogalla, 1989; Wartchow, 1990; Reimann, 1984).

2.1 Nitrification

The initial experiments with LINPOR were designed to
improve nitrification in low BOD situations, as basically a
polishing treatment step (Reimann, 1984). This process,
called the LINPOR-N procedure, required only an aeration
basin filled with LINPOR media, located after the regular
treatment process (trickling filter, activated sludge, or
other) where excess ammonia nitrogen would be oxidized.
This system was designed without a subsequent clarifier or
sludge recycle, as almost all of the biomass was assumed to
be attached to the media (Reimann and LaBmann, 1987).
Reimann and Fuchs (1984) report encouraging results for a
polishing treatment of a municipal wastewater. A reactor
filled with 37% media and operated at a 1.7 hour detention
time was fed effluent from a conventional plant. Results

included a TKN decrease from 25 to 3.8 mg/L, a BODg decrease



from 16 to 6 mg/L, and effluent suspended solids of 30 mg/L.
The attached biomass solids were observed to reach 3.8 kg/m3
as solids per reactor volume, which corresponded to 10.2
kg/m3 as solids per media volume.

The second process application, the LINPOR-C procedure,
was originally designed to enhance carbon oxidation by
addition of media directly to the original aeration basin
(Reimann, 1984). However, it was soon realized that the
additional benefits of enhanced nitrification continued, as
well as simultaneous denitrification and improved sludge
settleability (Wartchow, 1990; Reimann, 1987). The reason
for improved nitrification is not completely known. Reimann
(1987) suggests that the biomass never fully attaches to the
media, but instead it is detained in a quiescent environment
for a greater length of time, resulting in an increased
sludge age. Huang (1982) theorizes that perhaps due to the
greater diffusivity of ammonia over organic compounds,
nitrifiers have a competitive edge over the faster growing
heterotrophic bacteria in cases where diffusion limitations
may occur. However, simultaneous denitrification has been
observed by several authors (Wartchow, 1990; Reimann, 1987;
Haseltine, 1991) who concluded that this process occurs in
the deepest parts of the particles where oxygen is least
likely to be present. If denitrifying organisms, found in

the innermost portions of particles, require organic carbon



for growth, and denitrification has been reported to occur
simultaneously with nitrification, it indicates that
heterotrophic growth on the medium is not limited by a lack
of organic carbon due to diffusion. The reason for improved
nitrification could be simply that the addition of a medium
results in an effective increase in MCRT, or that nitrifiers
like to attach themselves to surfaces, or both.

Only one study concluded that nitrification was not
greatly enhanced by addition of media. Haseltine (1991)
observed nitrification performance with 30 % LINPOR media
for treatment of a high strength industrial wastewater.
Operation of this system at several different mixed liquor
MCRTs did not show a substantial increase in nitrification
over a control without media. However, nitrification was
observed to be nearly complete for both the control and the
media system at all but one mixed liquor MCRT. Percent
nitrification was observed to be in the 80 to 100 range.
Additionally, acclimation times in this study may have been
insufficient to allow significant growth of nitrifiers on
the media, and no information was provided to show
acclimation development of these organisms. Acclimation was
determined by biomass and effluent COD concentrations, which
did not account for the development of the nitrifier
population. Therefore, although high percent nitrification

values were reported, higher values may have been



obtainable.

2.2 Settling Properties

Improved sludge settability was reported by many
authors who studied several different applications of media
systems. Reimann (1984) reported an improvement of SVI from
500 ml/g to 130 ml/g for an application of 40 % LINPOR media
to a pilot plant operated parallel to a full scale
conventional domestic wastewater treatment system. While
the full scale system was plagued by filamentous organisms,
the pilot plant was unaffected. 1In another test at the same
facility, when filamentous bulking was not present, SVI
still decreased from 222 ml/g in the conventional system to
148 in the media system. Reimann (1987) reviewed results
from several studies. He reported an SVI improvement from
188 to 128 ml/g for a 30 % media system treating domestic
wastes. Another study, at the Freising City domestic
treatment facility, showed a decrease from 485 to 129-163
ml/g with media addition. This was particularly valuble to
this facility, as use of Aluminum Sulfate was required often
when the biomass was settling so poorly.

Some industrial facilities also have tried the LINPOR
media. An activated sludge treatment system for wastes
generated at a cardboard factory was provided with 30 %

media. SVI decreased from 200-500 ml/g to 155 ml/g (Renz,



1985). A paper by Hegemann (1984) reported excellent SVI
results for a public treatment plant often overcome by
filamentous bulking upsets due to discharge from a milk
processing industry. The full scale facility maintained SVI
values averaging 542 L/kg while the media systems produced
values of 140 L/kg.

Haseltine (1991) observed improved settling properties
in a study of treatment of a high acetate, industrial
wastewater. He reported a decrease in SVI from 200 to 50
ml/g with use of 20 % LINPOR. However, during periods of
filamentous bulking, the SVI for both the controls and the
media systems were reported at approximately 250 ml/g. It
was also reported in this thesis that, in the absence of
filamentous organisms, SVI decreased as the ratio of
attached volatile solids to total volatile solids increased.

These studies provide a general consensus that when the
problem is filamentous bulking, LINPOR media can be used to

improve activated sludge settling characteristics.

2.3 Carbon Oxidation

Several studies have reported that activated sludge
carbon removal was enhanced with addition of media (Rogalla,
1989; Morper and Wildmoser, 1989; Hegemann, 1984; Renz,
1985). However, the significance of this data is unknown.

The studies involving LINPOR report results as BOD



’elimination’ without adequately defining the term. It is
believed that unsettled biomass was measured in the effluent
COD and BOD procedures employed in several studies. Since
the media has been demonstrated to improve the settling
properties of activated sludges, the decrease in COD and BOD
could be simply a reflection of lower effluent suspended
solids concentrations, which does not support conclusions of
enhanced soluble carbon removal. However, it would seem to
be the case that since the media effectively increased the
sludge age of the systems, a corresponding improvement in
effluent quality would result.

Haseltine (1991) reported that effluent COD did not
decrease due to media addition, but was a strong function of
mixed liquor MCRT (MLMCRT). It was also observed that the
substrate utilization rates (mg/hr) did not change with
changes in the media concentration, but the specific
substrate utilization rates [mg/(gTSS-hr)] varied greatly.
These data suggested that the specific substrate utilization
rates of the attached biomass was much lower than that of
the suspended biomass. Figure 2.1 is a duplication of the

reported data.

2.4 Sludge Production
Although it has been stated that sludge production was

reduced due to addition of a fixed film medium (Rogalla,
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1989), sufficient data was not provided to support this
claim. Actually, several studies showed data which seemed
to suggest sludge production actually increased with media
addition. Hegemann (1984) presented data from three
studies, each at a different wastewater treatment plant.
These data indicated that suspended biomass concentrations
increased in media systems compared to control systems
(without media). Table 2.1 presents a summary which clearly
shows an increase in the MLSS concentrations of media
systems operated at the same space load [kgCOD/(nP-d)] as
the conventional systems. Also these data reveal that F/ (M-
Suspended Solids) ratios decrease in media systems,
revealing that, for the same loading, a greater suspended
biomass concentration is produced. Although it is possible
that operating conditions (most particularly MCRT) were not
the same in the media systems as in the control, there was
no mention of any change. It is likely, therefore, that the
increased MLSS is a reflection of increased solids
production due to media addition. Figure 2.2 shows the
sludge production data determined by Haseltine (1991). 1In
this study, it was observed that a reduction of sludge
production was a function of media concentration at only a 1
day MLMCRT with 20 and 30 % media. For conditions of 3, 6,
and 12 day MLMCRTs, he found that sludge production

essentially remained the same. This trend was observed in
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TABLE 2.1:

REPORTED BIOMASS RESULTS FROM LINPOR STUDIES

13

Results of Linpor tests at the Freising
Waste Water Treatment Plant,
Plastic Bodies = 40 %
Space MLSS Solids F/M F/M effluent
Load in Total Suspend- BOD;
kg/m3 Plastjc | Biomass ed
%g kg/m kg Biomass g/m§
m°-d kg-d kg/kg-d
Run 1 1.94 3.42 8.57 0.35 0.57 16
Run 2 2.62 3.70 8.10 0.51 0.71 16
Run 3 3.86 3.06 9.20 0.69 1.26 27
Run 4 1.22 3.26 8.79 0.22 0.37 9
Full 1.13 2.58 - 0.47 0.47 48
Scale
Results of Pilot Plants of the Waste Water
Treatment Plant B
with 1.10 3.72 14.6 0.14 0.30 5
plastic
without 1.12 2.85 - 0.44 0.39 10
plastic
Results of Linpor Tests at the waste water
treatment plant M,
plastic bodies = 30 %
pilot 2.34 4.64 9.95 0.41 0.50 15
pilot 3.07 4.29 13.21 0.45 0.71 13
full 2.06 2.52 - 0.88 0.82 24
full 2.12 2.16 - 0.98 0.98 20
(AFTER HEGEMANN, 1984)
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other studies as well (Morper and Wildmoser, 1989; Reimann,

1984; Reimann, 1987).

hhkkkhhkhkhkdkkhkhkhkkhkhhkkhkhkhkkhkhkhhkkkhkkhkkhkhkkkkhhkkkhkkkk

Overall, LINPOR applications ranged from a tertiary
polishing step in a once through aeration basin placed at
the end of a treatment train (LINPOR-N procedure), to a
secondary treatment step combining LINPOR media in the
original activated sludge basin (LINPOR-C procedure). It
was reported that nitrification and denitrification rates
were improved markedly in combined systems over conventional
systems for several different treatment applications. The
reason for improved nitrification in combined systems was
not fully understood, but could be due to a propensity of
nitrifying organisms to attach themselves to fixed surfaces.

Settling properties of combined systems were reported
to be improved in the case of filamentous organism growth as
compared to conventional systems.

Due to ambiguity in methodology, extensive evaluation
of carbon oxidation rates was not performed. Only one
study, Haseltine (1991), reported soluble effluent COD. He
demonstrated that effluent concentrations of soluble COD
were dependent on MCRT only, not media addition or

concentration.

15



Sludge production appeared to increase due to addition
of media. However in most studies of LINPOR media, no clear

mention of sludge production behavior was made.

From review of the literature, the advantages of LINPOR
treatment systems were most consistantly and thoroughly
demonstrated to be enhanced nitrification, simultaneous
denitrification, and improved settling properties for

systems plagued by conditions of filamentous bulking.
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III. METHODS AND MATERIALS

Investigation of the objectives was performed with four
experimental systems, each operated with different media
concentrations and different mixed liquor mean cell
residence times (MLMCRTs). The design and operation of
these systems was based on the activated sludge wastewater
treatment facility of Eastman Kodak - Tennessee Eastman
Division, and the systems were seeded with mixed liquor

obtained from this plant.

3.1 Process Desiqn and Operation

Each experimental system consisted of three five-liter
aerobic completely mixed reactors in series, for a total
system volume of fifteen liters. A separate clarifier was
provided to separate and recycle biomass to the first
reactor of the system. The system schematic is shown in
FIGURE 3.1.

Operating conditions included:

* nominal hydraulic retention time of 1.6 days,

* influent flow rate of 9.2 liters per day,

* recycle to influent flow ratio of one to one,

* mixed liquor dissolved oxygen concentrations above 3

mg/L,

17















studies. The literature generally focused on LINPOR effects
on settling properties for conditions of endemic filamentous
organism populations. With the exception of a filamentous
bulking problem which occurred in the beginning of the study
due to low oxygen concentrations, the biomass exhibited few
to no visible filaments, as determined by periodic
microscopic observations. The limitations on settling
properties likely come from another source, possibly
extracellular polymeric substances. These substances may
have been present due to the absence of sufficient
quantities of a micro-nutrient in the synthetic wastewater.

A very interesting result was obtained in sludge
dewatering properties as measured by the CST procedure.
Table 4.7 presents CST data. The CST values showed a
decrease in CST/MLVSS [seconds / (g/L)] with an increase in
media concentration.

The CST values for the 10 and 30 percent media
concentrations appear to be consistent with SVI data
obtained for the same mixed liquor MCRT experiments. The
SVI and CST were all poor at the 10 percent media
concentration, and they were all good for the 30 percent
media concentration. However, the CST measured for the 7.5
day mixed liquor MCRT, 40 percent media concentration was
not consistant with the SVI data obtained for this

experiment. The SVIs were unfavorable, but the CST was
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TABLE 4.7:

MEDIA

CONCENTRATION

10
30

40

CAPILLARY SUCTION TIMES

MLVSS

(mg/L)

1360

1272

2681

84

CSsT

seconds

328
17

26

CST/MLVSS

seconds/[g/L]

241
13

10



favorable. This observation reveals that sludge dewatering
properties may be enhanced by media addition even if
settling properties are not. A general note of the
filtration energy required during MLSS measurements
indicated that suspended biomass from the 20, 30, and 40
percent media concentrations was much easier to dewater than
that from the 0 and 10 percent media concentrations. It is
believed that further examination of sludge dewatering

properties would support this observation.

4.7 Media Particle Durability

Only visual observations were made regarding media
particle wear over the course of this work. The integrity
of particles seemed to be influenced by three factors:
media concentration, mixing regime, and wastewater addition.
Figure 4.30a presents observed media particle conditions for
each media concentration used in this study. This figure
indicates that increased media concentration resulted in
increased particle wear. The rate of wear might have been
influenced by the size of the experimental reactors used.
Larger scale systems may provide a less abrasive
environment, but such conditions were not tested during this
study. Also, rates of degredation were not measured or
observed.

The results of the second factor, mixing regime, are
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FIGURE 4.30 (a): MEDIA PARTICLE INTEGRITY AT SELECTED
MEDIA CONCENTRATIONS AS A FUNCTION OF
TIME

(b): MEDIA PARTICLE INTEGRITY AT 40 % MEDIA
CONCENTRATION AT SELECTED MIXING REGIMES
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presented in Figure 4.30b. Initially, all reactors were
outfitted with mechanical mixers to aid in providing
completely mixed reactor conditions. However, at the 40
percent media concentration, it was observed that media
particle degradation was accelerated. This experiment was
then changed to solely an air mix regime. Taller, narrower
reactors were provided to maintain complete mixing.
Degradation rates appeared to decrease with only air mixing.

The final factor, wastewater addition, was indicated by
accelerated particle wear in the first chamber of the
experimental systems as compared to the second and third
chambers. This result was probably caused by the low pH
(5.0) of the wastewater, although the high microbial
activity in this reactor (where most of the COD and NH;-N
removal occurred) also may have contributed.

No conclusions were drawn regarding media durability.

Only observations of influencing factors were made.

87



V. CONCLUSIONS

The overall objective of this research was to
investigate the reported benefits of combining fixed film
media into an activated sludge system for the treatment of a
high strength, high ammonia nitrogen industrial wastewater.
The fixed film media used in the experiments was LINPOR, the
12mm cubes manufactured by the Linde Company.

Based on evaluation of data from eleven operating
conditions, i.e. eleven combinations of mixed liquor MCRTs
and media concentrations, the following conclusions were

drawn.

1. Nitrification was clearly enhanced by media addition.
This was primarily because the addition of media
increased the effective MCRT of the biological system.
Thirty and forty percent media additions caused
enhancement at all mixed liquor MCRTs, including 2.5
days. Ninety seven to 100 percent nitrification was
observed in the 40 percent media experiments. In the
control experiments, nitrification was always
considerably less than that observed in media systems,
if it occurred at all, and appeared to be inhibited in

the 9.6 day MCRT experiment.
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Substantial denitrification occurred in the aerobic
reactors simultaneously with nitrification when high

percent nitrification was achieved.

The addition of LINPOR media to the activated sludge
systems substantially reduced the HRTs in the reactors.
During the 40 percent media experiment, the HRT was 87
percent of the value for the control. However, the
bench scale experimental reactors were of small volume
(5 liters), and the impact of media in larger reactors

was not evaluated.

The addition of fixed film media to the activated
sludge systems did not improve COD removal as compared
to the control experiments. Although higher total
biomass concentrations were maintained in the aeration
chambers that contained media, lower growth rates and
decreased HRTs resulted in statistically equivalent, or

less, COD removal.

Settling properties were improved with media addition
only in the low (2.5 day) mixed liquor MCRT
experiments, as indicated by SVI results. SVI values
were poor (approximately 400-470 ml/g) in all 5 day

mixed liquor MCRT experiments.
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Sludge production decreased as a function of media
concentration during only the 2.5 day mixed liquor MCRT
experiments. At 5 day mixed liquor MCRTs, sludge
production was statistically equivalent for all media
experiments except the one with 40 percent media
concentration. An increase in sludge production was
observed with the 40 percent media concentration and it
was attributed to the decrease in HRT caused by

addition of the media.

Overall, it was concluded that the addition of LINPOR media

to activated sludge treatment systems provides enhanced

nitrification. Utilization of this media is recommended for

nitrogen removal from high strength, high ammonia-~N

industrial wastewaters.
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VI. SUMMARY

The claimed properties of activated sludge treatment
systems with integrated fixed-film media, i.e. enhanced
nitrification, simultaneous denitrification, improved COD
removal and settling rates, and decreased sludge production
(Reimann, 1984; Rogalla, 1989; Wartchow, 1990) were
investigated.

The objectives of this study were to evaluate these
claimed properties through application of an activated
sludge system containing LINPOR media for treatment of a
high COD, high ammonia-N chemical industrial wastewater.
This evaluation was performed by operating bench scale
laboratory reactors at selected media concentrations and
mixed liquor MCRTs. Resulting behavior of MLVSS, media
attached volatile solids, COD, NH,-N, NOX, SVI, and other
parameters was monitored. The results and observations made

are summarized below.

6.1 Hydraulic Retention Time

HRTs were observed to be a function of media addition.
Media at high concentrations, particularly at the 40 percent
level, resulted in a greater decrease in HRT than predicted
on the basis of volume displacement by the media particles.

The HRTs were 92 and 87 percent of the control at 30 and 40
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percent media concentrations, whereas the calculated
displacements were 99 and 98.8 percent, respectively, based
on volume displacement by clean media. This decrease in HRT
can result in an increase in biomass concentration in the
aeration basin required to treat the same waste loading.
Increase in sludge production due to this effect may or may
not be observed depending on the concentration of media
attached biomass concentrations and the ability of this

biomass to offset the HRT decrease.

6.2 Solids Behavior

Acclimation periods were substantially greater than
traditionally accepted values for all systems, including the
controls. Effluent NH;~N was typically the controlling
indicator. The range of sludge ages required to reach
steady state was 4 to 27, with a median of 15 to 17.

The combined systems showed an increase in total
volatile solids (TVS) retained in the aeration basin. This
increase resulted in an increase in effective MCRT, which
was proportional to media concentration. With a 40 percent
media concentration at a 2.5 day mixed liquor MCRT, the
effective MCRT was 10.3 days, an increase of fourfold.

Sludge production however, did not decrease solely with
an increase in effective MCRT. Statistically, sludge

production was equal to or greater than that of the control
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for all experiments using a 5 day MLMCRT. The only decrease
occurred at 30 and 40 percent media concentrations operating
at a 2.5 day MLMCRT as compared to the 2.5 day MCRT control.
When sludge production data were presented as a function of
effective MCRT, a large increase in mean values, ranging
from 1.5 to 2 g/day, equivalent to a 21 to 27 percent sludge

production increase, was observed.

6.3 Nitrogen

Dramatic improvements in nitrification were observed
with addition of media. Nitrification in the control
experiments appeared to be inhibited, but it was well
established in the systems containing media, where percent
nitrification was observed to range from 97 to 100 percent
at the 40 percent media concentration. Simultaneous
denitrification was also observed in the media systems,
resulting in a total percent-N removal of 85 to 90 percent
for 20 to 40 percent media concentrations. Little or no
denitriication occurred in the control experiments, but they
also accomplished very little nitrification.

6.4 Carbon

Effluent COD values for the systems containing media
were similar to or greater than those observed for the
control units at similar effective MCRTs. Computations of

kinetic coefficients showed a decrease in values for the
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media experiments as compared to the control experiments.
Yield values decreased from 0.39 to 0.31 mgVSS/mgCOD,
maximum specific substrate utilization constants from 2.52
to 1.18 mgCOD/ (mgVSS-d), and maximum growth rate from 0.98
to 0.39 d'. The reasons for these decreases are unknown.
They might have been due to the development of anoxic and
anaerobic conditions within the media particles, which would
result in slower kinetics for organic metabolism.

Oxygen utilization coefficients also decreased for the
media systems as compared to values obtained with the
control units. A graph of specific oxygen utilization rate
versus specific substrate utilization rate resulted in
coefficients of 0.53 mg0,/mgCOD for the control, and 0.37
mgo,/mgCOD for units containing media. This trend also
supported the theory that anoxic and anaerobic biomass may
exist in the media particles. No advantages in COD removal
were observed in media experiments as compared to control

experiments.

6.5 Settling Properties

Mixed results were obtained in evaluation of settling
properties. SVI values decreased with an increase in media
concentration at 2.5 day MLMCRT experiments, but were
statistically equivalent (at a 95 % confidence interval) to

the control when 5.0 day MLMCRT values were used. No
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relationship was established between SVI and effective MCRT.
Capillary suction time (CST) data were most interesting
in sludge dewatering evaluations. The CST values for 30 and
40 percent media concentration were very favorable as
compared to those of the 10 percent media concentration.
Also, consistent observations were made of filtration energy
required for sludge dewatering in the MLVSS measurement
procedure. The biomass from the 20 to 40 percent media
concentration experiments required much less energy to
dewater than those of the control and 10 percent media
concentration. This result indicated that sludge dewatering
may be enhanced at a 20 to 40 percent media concentration.
However, these CST data were taken infrequently, and further

investigation into this property is recommended.

6.6 Media Particle Durability

Degradation of media particles was observed to be
influenced by three factors: media concentration, mixing
regime, and wastewater addition. With increase in media
concentration, an increase in degradation rate was observed.
With mechanical mixing aids, the rate seemed to increase as
compared to air mixing alone. Finally, with addition of
wastewater (to the first reactor of a three reactor series),
particles seemed to degrade quicker than those in the

following two reactors. Further investigation into this
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property of media particles is recommended.

The results of this study indicated that, for a high
strength, high NH,-N chemical industrial wastewater, the
greatest attribute of LINPOR systems was their ability to
support and maintain high levels of nitrification, and
simultaneous denitrification. Increased total-N removal was
observed at high media concentrations (30 to 40 percent) and
high mixed liquor MCRTs (7.5 days). At a longer mixed
ligquor MCRT, even better results may be obtainable.

Sludge dewatering may be improved with use of this
media, but further investigation into this property is
recommended. Improved dewatering properties may offset
increased sludge production.

While no significantly beneficial observations were
made regarding settling behavior, no significantly adverse
affects on system performance were observed in this study.

It was concluded, based on the experimental results,
that if enhanced nitrification/total-N removal, or improved
sludge dewatering properties, or both, are desired, the
utilization of LINPOR media would be an effective

alternative. No cost analyses have been performed.
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VIII. APPENDICES
APPENDIX A: DYNAMIC NON-STEADY STATE IN-SITU OXYGEN UPTAKE
RATE MEASUREMENT - PROCEDURE 1
ASSUMPTIONS: 1. Oxygen Uptake Rate (OUR) is a constant

2.

3.

%k 4,

5.
MASS BALANCE: V dcC
dt

6 = V/Q
edc = c;,

dt

Rearrange and

No O, exchange with atmosphere occurs
Volume in reactor remains constant
Influent and effluent flow are equal
C=C,att=0, andC=Cat t =1t

Q* (C;,~C) - V*(OUR)

0 <

- C - ©(OUR)

integrate from C to C, and from t to ©

{ dac = [ _dt
Cin - C - G(OUR) 9
To obtain:
CO
1n[C;, -C -6(OUR) ] = t/e
c
Therefore:
Cip = C, = B(OUR) = elt/®}
Ci, - C - 6(OUR)
And:
Ci, = C - 8(OUR) = [C;, - C, - O(OUR) Je("t/®)
So:

C = [Cj, - ©(OUR)] + [C, = C;j, + 8 (OUR) Je(~t/®)

Perform a line

Yint™ Cin

Slope Cc

ar regression of C vs e(~t/©)
- ©(OUR)

o - Cin + G(OUR)

And compute OUR [mgO,/(L-min) ]
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APPENDIX A:

DYNAMIC NON-STEADY STATE IN-SITU OXYGEN UPTAKE
RATE MEASUREMENT - PROCEDURE 2

ASSUMPTIONS: 1. Oxygen Uptake Rate (OUR) is a constant
2. No O, exchange with atmosphere occurs
3. Volume in reactor remains constant
*% 4, No effluent flow occurs. Test is
performed within one to two minutes.
5. C=C,att =0, andC=Cat t =+t

MASS BALANCE: V dC = Q*(C;,) - V*(OUR)
dt

n<

e = V/Q Qlcin

edc = C
dt

- 8 (OUR)

in

Rearrange and integrate from C to C, and from t to 0

/ dc =/ _dt

C;, - ©(OUR) )

To obtain:

C C
C;n - S(OUR) = t/e
CO
Therefore:
C - cC, = t/e
C;, - ©(OUR)
And:

C = (t/@)[C;, - 8(OUR)] + C,
Perform a linear regression of C vs t, and
Yint™ Co

Slope = _C. - OUR

in
(2]

And compute OUR [mgO,/(1l-min) ]
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APPENDIX A: EXAMPLE

20 % MEDIA CONCENTRATION, O, UPTAKE PERFORMED

ON 9 APR 92

© = 391 minutes (5 L cell at 2%9.2 L/d)

REACTOR A - No effluent observed, use Procedure 2
REACTOR B - Effluent observed, use procedure 1

REACTOR A-FTRST CHAMBER

TIME DISSOLVED
(min) o,
0.00 4.80
0.17 4.50
0.33 4.15
0.50 3.80
0.67 3.35
0.83 3.00
1.00 2.60
C. 3.10

mn

REGRESSION OUTPUT:

REACTOR A
Yint 4.86
slope -2.23
OUR EQON _gh—slope
e
OUR mgoO, 134

L-hr

REACTOR B - SECOND CHAMBER

TIME DISSOLVED
(min) 0,
0.00 6.60
0.25 6.48
0.50 6.36
0.75 6.24
1.00 6.12
1.25 5.98
1.50 5.86
1.75 5.74
2.00 5.62
2.25 5.50
2.50 5.40
2.75 5.28
3.00 5.14
3.25 5.04
3.50 4.94
3.75 4.82
4.00 4.70
4.25 4.60
4.50 4.48
4.75 4.40
5.00 4.28
Cin 4.85
REACTOR B

-177.0

183.5
gi—c-+sloge
2]
27.9
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e(-t/8)

1.000
0.999
0.998
0.998
0.997
0.997
0.996
0.995
0.995
0.994
0.994
0.993
0.992
0.992
0.991
0.990
0.990
0.989
0.988
0.988
0.987

(NEXT PAGE)



2NONNO <

(3
o

o

VOLUME OF REACTOR

FLOW RATE

CONCENTRATION OF INFLUENT O, (mg/L)
CONCENTRATION OF O, IN REACTOR (mg/L)

INITTIAL CONCENTRATION OF O, IN REACTOR (mg/L)
HYDRAULIC RESIDENCE TIME (min)
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VIII. APPENDICES

APPENDIX B:

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE OPERATIONAL PERIODS

OPERATING CONDITIONS

FIGURE
NUMBER MEDIA MLVSS
CONC MCRT
(%) (days)
B.1 0 2.5
B.2 0 5.0
B.3 0 9.6
B.4 10 2.5
B.5 10 5.0
B.6 20 2.5
B.7 20 5.0
B.8 30 2.5
B.9 40 2.5
B.10 40 5.0
B.11 40 7.5

106



MLVSS (g/L)
S e e
O=NUDPNNOID©OO

1

1 1 1 1 - T i i !
: ’\\ /. i
- | ! { 1 f | | | | ]

COD (mg/L)
c0088583338;
1

N
o
|

)]
T

o
|

5L

AMMONIA—N (mg/L)

STEADY STATE OPERATION FROM
DAY 227 TO 287 -

| 1 i | 1 l !

0 ]

200 210 220 230 240 250 260 270 280 290 300

FIGURE B.1:

DAY OF OPERATION (Days)

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 0 PERCENT MEDIA
CONCENTRATION AT 2.5 DAY MLVSS MCRT

107



2.6
2.4
2.2

1.8 |-

MLVSS (g/L)

1.6

1.4
120
100 +
80 -
60
40

COD (mg/L)

O ¢ 4
STEADY STATE OPERATION FROM )\%P
20 - pAY 137 TO 178 7]

T T

S0

30
20
10 |-

1

AMMONIA-N (mgq/L)
A
o
|

0 1 L L ! I L
70 ; 7
60 7

| L | I | 1 |

40

FIGURE B.2:

60

80 100 120 140 160 180 200
DAY OF OPERATION (Days)

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 0O PERCENT MEDIA
CONCENTRATION AT 5.0 DAY MLVSS MCRT

108



MLVSS (g/L)

COD (mg/L)
o

35
30
25
20
15 - STEADY STATE OPERATION
10 + FROM DAY 265 TO 305 .

5k -

O | ! I 1 1 1 I i |

230 240 250 260 270 280 280 300 310 320 330
DAY OF OPERATION

AMMONIA—N (mg/L)

FIGURE B.3: PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 0 PERCENT MEDIA
CONCENTRATION AT 9.6 DAY MLVSS MCRT

109



1.6 l

1.2 -

0.8

VS (g/L)

0.0 ;
70 -
60
50 |-
40 |-
30 |
20 +

COD (mg/L)

STEADY STATE OPERATION FROM
10 |- DAY 333 TO 365 -

| | 1 | 1 l

0 |
14 [

12 |
10 -

AMMONIA-N (mg/L)
(o ¢]
|

] ! I | 1 1

FIGURE B.4:

310 320 330 340 350 360 370
DAY OF OPERATION

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 10 PERCENT MEDIA
CONCENTRATION AT 2.5 DAY MLVSS MCRT

110



2.4

2.0

1.6 |-

vs (g/L)

1.2 -

0.8

/
/" MLvsSS 4 7

90 |
80
70
60 |-
50
40 |-
30 +
20 -
10 |

CoD (mg/L)

-+

50 |
40 |

20 +
10 +

AMMONIA—N (mg/L)
(97}
o
1

STEADY STATE OPERATION FROM
DAY 85 TO 93 _

1

| | 1 |

30

FIGURE

.5:

40

50 60 70 80 90 100
DAY OF OPERATION

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 10 PERCENT MEDIA
CONCENTRATION AT 5.0 DAY MLVSS MCRT

111



2.0
1.8 |
1.6 |
1'4F
1.2
1.0
0.8

0.6 f i' T 1 ]
90
80 +
70 |
60 ~
S0 +

40 |- -
30 h\c>\o\( —
20 5 ]

10 |-
0 l 1
30 | N
25 |-
20 | -
15 |
10 F 4
STEADY STATE OPERATION FROM
S DAY 240 TO 265

0 | 1 1
200 210 220 230 240 250 260 270

DAY OF OPERATION

VS (g/L)

COD (mg/L)

1

AMMONIA=N (mg/L)

| 1

FIGURE B.6: PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 20 PERCENT MEDIA
CONCENTRATION AT 2.5 DAY MLVSS MCRT

112



30 T T | [ T I I | [ T
2.5 -
< MLVSS .\’
Z 2.0+ -
g AS
1.5 . \/ o
1 O ,-. l l I | ] [ [ | I
90 i I f T 1 T ! I ! I 1 _
80 + -
T 70 i
> 60}
E 50} -
D 40 [ c -
8 30} i
20 | STEADY STATE OPERATION i
10 L FROM DAY 137 TO 167 ]
0 | 1 | | | | 1 ] 1 |
—~ 30 -
; 25
E
20 |- -
prd
£ 15F -
& 10} |
=
3 sf .
O | ] | | | | i | |
90 100 110 120 130 140 150 160 170 180 180 200
DAY OF OPERATION
FIGURE B.7: PERFORMANCE DATA INDICATING ACCLIMATION AND

STEADY STATE FOR 20 PERCENT MEDIA
CONCENTRATION AT 5.0 DAY MLVSS MCRT

113



4.0 T T T 1 T T T T T
3.5 F

3.0 -
2.5 AVS i

2.0 k’.\./ i

1.5

VS (g/L)

1.0 i { i ; . : i ——t
40 |

D
30 i

20 + -

coD (mg/L)

s ———— .

16 - STEADY STATE OPERATION -
14 |- FROM DAY 333 TO 365 -

AMMONIA=N (mg/L)

DAY OF OPERATION

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 30 PERCENT MEDIA
CONCENTRATION AT 2.5 DAY MLVSS MCRT

FIGURE B.8:

114



VS (g/L)

CoD (mg/L)

20 |- STEADY STATE OPERATION O/O\D__{ _.
1o L  FROM DAY 231 TO 265 »

o | ! 1 | - I ] 1 |

AMMONIA-N (mg/L)

e T
180 190 200 210 220 230 240 250 260 270

DAY OF OPERATION

FIGURE B.9: PERFORMANCE DATA INDICATING ACCLIMATIPN AND
STEADY STATE FOR 40 PERCENT MEDIA
CONCENTRATION AT 2.5 DAY MLVSS MCRT

115



3.0 R T I l T T
2.8 -
2.6 | AVS |
2.4 +
2.2 -

VS (g/L)

20 MLVSS ]
1.8 -
1.6 ; ; - ; ; .

90 |
80 + -
70

60 | ]
50 | _
40 - i

30 - STEADY STATE OPERATION 3—%/0 -

20 - FROM DAY 148 TO 167
10 -
0 —1 1 ! 1 i
30 ]
25 _
20 + _
15 -
10 a
5 B -

O | 1 | | —i
100 110 120 130 140 150 160 170

DAY OF OPERATION

CoD (mg/L)

AMMONIA—N (mg/L)

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 40 PERCENT MEDIA
CONCENTRATION AT 5.0 DAY MLVSS MCRT

FIGURE B.10:

116



5.0
4.5
4.0
3.5
3.0
2.5

VS (g/L)

2.0

40

30

20

COD (mg/L)

10

o

2

AMMONIA-N (mg/L)

0

270 280

FIGURE B.1l1l:

STEADY STATE OPERATION
~ FROM DAY 148 TO 167

1 L

‘-/'.\'\-'-J-J—-

290 300 310 320 330 340 350 360 370

DAY OF OPERATION

PERFORMANCE DATA INDICATING ACCLIMATION AND
STEADY STATE FOR 40 PERCENT MEDIA

CONCENTRATION AT 7.5 DAY MLVSS MCRT

117



VIII. APPENDICES

APPENDIX C:

SAMPLE OF STATISTICAL COMPUTATIONS,

FROM FISHER (1970) STATISTICAL METHODS FOR RESEARCH WORKERS

EXAMPLE: SVI COMPARING 2.5 DAY MIXED LIQUOR MCRT RESULTS,

1.

0 % vs. 40 % MEDIA CONCENTRATION

CHECK FOR STATISTICAL OUTLIERS (0 % MEDIA

CONCENTRATION)
n S S-X
o)
1 395 0.04
2 784 1.68
3 240 0.72
4 131 1.20
5 535 0.58
6 278 0.55
7 229 0.77
8 631 1.00
X 403
o 227
CRIT (5-X)/o 1.86 ALL (S-X)/o are < 1.86,

therefore no outliers

CHECK FOR STATISTICAL OUTLIERS (40 % MEDIA
CONCENTRATION)

n S S=X S=X S=X
o o g
1 254 1.73 - -==—-= OUTLIER
2 188 0.46 1.64 === OUTLIER
3 117 0.90 0.89 0.90
4 121 0.82 0.75 0.50
5 140 0.46 0.07 1.40
X 164 142 126
o 52 28 10
CRIT S-=-X 1.64 1.53 1.38
)
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COMPARE VARIANCES:

HYPOTHESIS: (09)2 = (040)2 = VARIANCES ARE
HOMOGENEOUS and F..;. = Fg, 40

NULL HYPOTHESIS: (0g)2 # (040)2 = VARIANCES ARE
HETEROGENEOUS and F ;. < Fp 40

= 2 e e
Fo,40 = i%fggr = 515 dF, = n-1 = 6, dF,q = n-1 = 2

AT A 0.05 SIGNIFICANCE LEVEL:

F = 19.33 THEREFORE VARIANCES ARE HETEROGENEOUS

crit

COMPARE MEANS:

HYPOTHESIS: Xo = X40 = MEANS ARE EQUAL and
tcrit 2 t0,40

NULL HYPOTHESIS: XO # X40 = MEANS ARE UNEQUAL
and t..;¢ < tg,40

TESTS ARE TWO TAILED AT A 0.05 SIGNIFICANCE LEVEL

t = Xo = X40

D
D = 53“3’2’“0 + (040)2/ngpl® = [(227)2/8 + (10)2/31%
t = (403 - 126)/80.5 = 3.44

dFy= n-1 = 7, dF,y = n-1 = 2, t 2.447, 4.303

crit ~

= 2.447(227%/7) + 4.303(100/3) = 2.455
(2274/7 + 100/3)

t(crit actual)

t < t therefore means are unequal

crit

MEAN

STANDARD DEVIATION

SAMPLE VALUE

NUMBER OF SAMPLES

F = NUMBER OF DEGREES OF FREEDOM

crits torit = CRITICAL VALUES OBTAINED FROM STATISTICAL
TABLES

womomom

b3 NnaX
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VIII. APPENDICES

APPENDIX D: RAW DATA

O % MEDIA - 2.5 DAY MLVSS MCRT BEGIN DAY: 202 (4-30-92)
END DAY: 290 (7-27-92)

vSS (mg/L) PH

DAY A B o] AVG Vss I A B C E
TSS

204 1771 1300 1443 1505 0.91
210 1543 1043 1186 1257 0.89

215 1356 887 938 1060 0.89 8.3
220 1471 986 1186 1214 0.87 8.3
227 1600 1243 1214 1352 0.86 6.0 8.3
231 1883 1200 1257 1447 0.89

235 1750 1225 1237 1404 0.96 5.2 8.1
240 1438 1350 1375 1388 0.88 4.8 8.2
245 1387 1263 1225 1292 0.90 8.1

255 1743 1529 1438 1570 0.94 7.9

265 1771 1443 1329 1514 0.94 8.1
272 1517 1138 1050 1235 0.98 5.0 8.1 8.1 8.2 8.3
287 1825 1625 1537 1662 0.90 5.0 8.0 8.0 8.0 8.1
AMMONIA-N (mg/L) TKN (mg/L)

DAY I A B C E I A B C

204 109 20.3 118

210 110 13.0 119

215 18.4

220 104 19.8 120

227 82 14.8 101

231 87 13.3 109

235 102 17.3 118

240 95 18.8 104

245 107 18.0 15.5 116

255 107 17.5 15.0 119

265 105 13.7 119

272 109 121

287 110 21.0 13.7 12.4 13.7 110 198 171 166
OXYGEN UPTAKE mg/(L-hr) mg/ (gVSS-hr)

DAY A B C A B C

237 118 22.1 12.4 67.4 18.0 10.0

242 113 26.1 13.9 78.6 19.3 10.1

243 121 23.4 13.0 84.1 17.3 9.5

287 119 24.0 12.7 65.2 14.8 8.3
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NOX (mg/L) PO4-P (mg/L)

DAY I A B C E I A B C
204 0.4 0.0

210 0.2 0.0

215 0.5 0.1

220 0.3 0.2

227 0.0 0.3

231 0.0 0.4

235 0.2 0.7

240 0.5 0.2

245 0.6 0.2 0.1 19.4 4.4
255 0.5 0.0 0.1 8.0 2.3

265 0.2 0.1

272 0.4 0.0 0.1 0.1 0.1 7.6 1.0 0.5 1.3
287 0.3 0.0 0.0 0.1 0.1 7.5 1.1 0.9 1.2
SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sI sA sB sC sE I A B (o]
204 77 3373

210 3121 74 3240

215 53

220 2716 64 2840

227 2068 50 2207

231 2222 47 2408

235 2485 57 2825

237 3210

240 2932 60 3087

245 3071 52 47 3071

255 3010 70 44 3010

256 3133

265 2948 40 3164

272 2711 136 56 64 59 2950
287 2902 106 58 48 59 2902 2067 1824 1786

SVI (ml/g) FLOW

DAY ml/L ml/g ml min ml/min L/day
204 275 191

210 240 202 31.8 5.0 6.4 9.2
215 185 197

220 245 207 32.0 5.5 5.8 8.4
227 480 395 32.0 5.25 6.1 8.8
235 970 784 50 8.0 6.3 9.0
240 330 240 50 8.0 6.3 9.0
245 160 131 50 8.2 6.1 8.8
255 770 535 50 8.2 6.1 8.7
265 370 278 50 8.3 6.0 8.7
272 240 229 50 7.9 6.3 9.1
287 970 631 50 8.1 6.2 8.9
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O % MEDIA - 5 DAY MLVSS MCRT BEGIN DAY: O (10-10-91)
END DAY: 202 (4-30-92)

vss (mg/L) SVI
DAY A B o] AVG ml/L ml/g

12 1120 1000 630 917

17 1390 1550 1140 1360
22 1850 1500 970 1440
25 1750 1510 1200 1487
33 3338 3317 2700 3118

35 3323 3067 2271 2887

37 3057 2843 2080 2660 260 115
39 2754 3000 2123 2626 200 94

43 2075 2440 1520 2012 140 70

47 2827 2210 1600 2212 110 50

52 3029 3014 1675 2573 115 45

54 1529 2629 2014 2057 140 68

56 2450 2567 1883 2300 160 70

58 2171 2786 1786 2248 200 89

62 2057 2029 1600 1895 210 107
68 2073 2258 1800 2044 335 159
70 1981 1913 1845 1913

72 1897 2102 1823 1941 410 205
80 2294 2195 2095 2195

83 2294 2316 1996 2202 610 269

85 2514 2239 1842 2198
88 1929 1800 1614 1781
90 1914 1657 1343 1638
93 2114 1929 1500 1848 370 200
96 2014 3400 1586 2333
98 1914 1929 1629 1824
100 2529 2429 1986 2315
104 2586 2486 2071 2381
110 2386 2443 2071 2300
117 2200 2214 1929 2114
124 1958 1887 1729 1858
129 1814 1914 1771 1833
131 2043 2157 1957 2052
137 2143 2086 1971 2067
148 2129 2043 1786 1986
154 1814 2124 2057 1998 880 428
157 1914 2057 1929 1967 470 244
158 1988 1912 1810 1903
164 2169 2046 1714 1976
167 2200 1988 1918 2035
181 2157 1743 1843 1914
184 2431 1938 1954 2108
197 2249 1814 1775 1946 500 282
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AMMONIA-N (mg/L) TKN (mg/L)

DAY I A B o] E I A B (o]
47 135 71 69 64 69 149 262 302 222
53 59 59 155 260
58 82 74 76 78 178 356 346 314
62 82 78 77 67 160

65 172

68 174 70 51 59 62 180

85 125 27 24 24 21 139 301 304 268
817 87

88 93

93 82 95

96 4 136

98 134 16 138

100 130 19 132

104 134 32 156

110 136 26 140

117 138 41 145

124 130 33 140

129 110 25 116

131 113

137 106 19 112

147 110 21 117

154 98 20 110

157 108 16 124

158 106 117 217 190

164 106 23 110

178 108 22

181 110 20

184 110 20

197 110 29

OXYGEN UPTAKE mg/(L-hr) mg/ (gVSS-hr)

DAY A B C A B (o]

82 124 13.4 10.0 54 5.8 5.0

167 122 36.5 14.7 55 18.4 7.7

181 125 29 14.3 58 16.6 7.8

NOX (mg/L) pH

DAY I A B (o] E I A B C
93 0.3 5.0 8.0 8.0 8.2
164 0.3 0.2 5.1

178 0.4

181 0.4 0.6 0.3

184 0.5 0.3

197 0.1 0.0
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SOLUBLE COD (mg/L)

DAY

sl

2923
3180
2300
2596
2647

3254
2838

sA

129

108
134

111

52

sB

120

67
97

86

44

sC

91

59
109

76

44

TOTAL COD (mg/L)
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2312 2778
4302 3118
2901 3011

1667

3935
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0 % MEDIA - 9.6 DAY MLVSS MCRT

VSS (mg/L)
DAY A

231 2160
235 3000
240 3940
245 4040
255 3860
265 3940
272 3900
287 3717
296 4080
300 4540
305 3900
314 4120
324 4500

B

1820
2720
3660
3980
3800
3900
3660
4240
3880
4180
3720
4140
4260

AMMONIA-N (mg/L)

DAY

231
235
240
245
255
265
272
287
296
300
305
314
324

OXYGEN UPTAKE mg/(L-hr)

DAY

295
315
316
323

I

87

102
95

107
107
105
109
110
113
106
104
104
83

A

155
153
164
189

A

44
46
41

34

B

25.4
24.6
26.8
20.8

C

1820
2620
3720
3820
3800
3880
3580
3740
3740
4300
3900
4000
4360

37
31

24
34

o]

15.2
13.2
14.7
13.4

AVG

1933
2780
3773
3947
3820
3907
3713
3899
3900
4340
3840
4087
4373

22

36
33

23
32

BEGIN DAY:
END DAY:
SV1
ml/L ml/g
980 374
995 367
990 259
990 261
990 255
985 275
980 262
980 262
980 228
990 254
990 248
987 247
TKN (mg/L)

E I A

18 109

20 118

24 104

22 116

41 119

37 119

37 121

35 110

34 114 469

27 110

25 110 493
33 111 467
30 99

mg/(gVSS~hr)
A B C
38 6.5 4.1
37.1 5.9 3.3
39.8 6.5 3.7
42.0 4.9 3.1

125

227 (5-25-92)
330 (9-5-92)

465

476
439

FLUX

mg/ (hr-cmcm)

BT OTWN
¢ s e s s s s o
WOIONNON

467

508
475



NOX (mg/L) PO4-P (mg/L)

DAY I A B C E I A B C
231 0.0 0.3

235 0.2 1.8

240 0.5 1.5

245 0.6 1.8 1.4 19.4 4.8
255 0.5 0.1 0.1 8.0 3.7

265 0.2 0.3 3.9

272 0.4 0.2 0.3 0.4 0.1 7.6 3.1 2.3 3.0
287 0.3 0.0 7.5

296 0.3 0.3 0.6 0.2 0.1 8.5 2.9 1.8 2.0
300 0.1

305 0.3 0.3 0.5 0.4 0.3 14.1 3.9 3.2 2.8
314 0.2 0.0 0.1 0.1 0.0 11.2 3.2 3.6 1.8
324 0.1

SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sI sA sB sC sE I A B C
231 2222 38 2408

235 2485 23 2825

237 3210

240 24

245 16 24

255 49 30

265 17

272 2711 658 44 37 15 2950

287 2902 20 2902

295 21 2695

296 3062 35 19 19 18 3062 5920 5422 5625
300 3110 18 3157

308 3078 79 39 33 24 3110 5895 5355 6053
314 2807 55 30 35 30 2934 5422 6480 3960

315 3046

324 27 2392

pH FLOW

DAY I A B Cc E ml min ml/minL/day
235 5.2 8.4

240 4.8 8.3 50 7.8 6.4 9.2
245 5.0 8.4 50 7.8 6.4 9.2
255 4.8 7.8 50 8.0 6.3 9.0
265 4.9 8.4 50 7.9 6.3 9.1
272 5.0 8.0 8.3 8.5 8.4 S0 7.3 6.8 9.9
287 5.0 8.3 50 7.5 6.7 9.6
296 4.9 8.0 8.2 8.3 8.3 50 7.3 6.8 9.9
300 8.4

305 5.0 8.0 8.3 8.3 8.3 50 7.8 6.4 9.2
314 5.1 8.0 8.4 8.5 8.4 50 7.7 6.5 9.4
324 8.3 50 7.5 6.7 9.6
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10 & MEDIA - 2.5 DAY MLVSS MCRT

VSS (mg/L)
DAY A

296 1614
300 1557
305 1350
314 1450
324 1629
333 1457
344 1514
357 1400
362 1457
365 1533

B

1414
1286
1114
1400
1571
1357
1443
1357
1486
1317

AMMONIA-N (mg/L)

DAY

296
300
305
314
324
333
344
357
362
365

OXYGEN UPTAKE mg/(L-hr)

DAY

316
334
346
359

1

113
106
104
104
83

101
77

103
101
109

A

NOX (mg/L)

DAY

296
300
305
314
324
333
344
357
363
365

A

17.3
19.3
14.8

B

26.3
23.7
24.9
26.6

[eNeNe]
. L] .
e N _Neo]

C

1275
1375
1125
1200
1371
1243
1186
1214
1257
1183

9.6
14.1
9.4

C

15.0
12.5
14.5
15.8

o Wb
NSO

AVG

1434
1406
1196
1350
1524
1352
1381
1324
1400
1344

14.3
11.0
10.4

mg/ (gVSS-hr)

A

78
57.7
47.9
52

15.0
12.9
13.5
9.4
11.7
10.0
9.7
9.2
16.2
9.5

BEGIN DAY:
END DAY:
AVS (mg/L)
A B
252 262
103 369
84 430
165 492
259 400
1950 378
467 504
446 453
319 410
264 365
TKN (mg/L)
I A
114

110

110

111

99

105

98

104

104 165
113

B

13.9
13.6
12.8
14.7

PO4-P

WH R
. . .
" oo

291 (7-28-92)
367 (10-12-92)

336
740
563
747
773
620
618
361

392

1s8

www
. . .
(o A0 S0 o]

AVG

283
404
359
468
477
396
530
420
365
340

149

¢ e .
nunow

td

¢ e e o 4 o e o s o
OUVOWOOWKE WO

WWWLWwWWwKRP WP



SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sl sSA sB sC sE I A B C
295 2695

296 3062 38 3062

300 3110 32 3157

305 3078 30 3110

314 2807 41 2934

324 65 2392

333 3030 67 3078

344 1961 69 2249

357 2768 175 42 44 46

359 2277 2440

362 116 58 43 54 3014 2097 2064 1638
365 83 46 43 59 3276

TOTAL PHOSPHOROUS (mg/L) FLOW

DAY I A B c E ml min ml/minL/day
296 50 8.3 6.0 8.6
305 50 8.0 6.3 9.0
314 20 50 8.5 5.9 8.5
324 50 7.8 6.4 9.2
333 50 8.0 6.3 9.0
344 50 7.3 6.9 9.9
357 50 7.3 6.8 9.9
362 14 28 24 4.5 50 7.5 6.7 9.6
365 15 29 29 26 5.6

SETTLING PH

DAY ml/L ml/g mg CST(sec) I A B (o]
hr-cmem

296 970 761 4.9

300 980 713
305 985 876

314 985 821 5.9 5.0

323 670 489 50 5.1

333 985 792 1.0

344 995 839 0.8 6.3

358 710 585 46 301 5.0 8.1 8.2 8.2
362 990 788 1.1 353 7.9 8.0 8.0
364 985 833 1.4 329 4.9 7.9 7.9 7.9
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10 % MEDIA - 5.0 DAY MLVSS MCRT BEGIN DAY: O (10-10-91)

END DAY: 93 (1-11-92)
VSS (mg/L) AVS (mg/L)
DAY A B c AVG A B c AVG

12 1400 1857 1125 1461
17 1667 1709 3450 2275
25 1443 1700 1400 1514
33 2533 2733 2467 2578
35 2773 3114 3283 3057 S50 804 730 828
37 2506 2914 2200 2540
39 2292 2446 2231 2323

43 1725 2075 1713 1838 888 1096 957 980
47 1889 2720 1617 2075 1170 1683 971 1275
52 2029 2414 1925 2123 895 623 615 711

54 2143 2214 2029 2129
56 2217 1933 2100 2083
58 2086 1971 2114 2057 978 1051 883 971
62 2157 2117 2000 2091
68 2233 2170 1833 2079
70 1979 1828 1924 1910

72 2099 2173 1861 2044 973 684 763 807
80 2157 2081 2016 2085 830 512 824 722
83 1978 2004 2016 1999
85 2093 2081 1965 2046 669 844 801 771
88 2250 2388 2125 2254
90 2329 2257 2171 2252 783 468 757 669

93 2343 2343 2057 2248

AMMONIA-N (mg/L) TKN (mg/L)

DAY I A B C E I A B C
47 135 57 48 52 50 149 237 425 245
55 60 49 45 49 155 293 297 300
58 63 53 46 47 178 312 300 317
62 65 56 55 54 160

68 174 51 43 33 38 180

85 125 15 9 S 7 139 285 268 254
93 82 2 3 3 3 95 266 274 246
NOX (mg/L) PO4-P (mg/L)

DAY I A B o E I A B C
62 1.0 0.9 3.1 8.4

68 0.2 6.3 14.8 14.3

85 5.8 15.3 24.1 22.8

93 0.3 2.2 8.2 15.4 14.7 8.8
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SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sI sA sB sC sE I A B C

39 59

42 52 2631

44 91 2595

45 30 2663

47 134 61 58 61 2609 1729 3512 1882
53 17 2906

54 33 2978

55 37 65 45 57 2800 2885 2682 2722
56 42 2991

58 46 47 26 42 2906 2792 2955 2629
62 87 72 77 53 2817

64 56 2776

68 56 54 65 61 3030

72 62 2992

80 72 2960

83 69 2728

85 50 52 47 67 2728 2885 2854 2556
90 41 2744

93 47 51 49 58 2770 3122 3052 2771
OXYGEN UPTAKE mg/(L-hr) mg/ (gvSS-hr)

DAY A B (o] A B C

63 112 25 19.4 35.7 7.9 6.7

72 124 19.4 15.9 40.0 6.8 6.0

82 106 22 14.5 40.0 7.7 5.1

93 107 18.2 15.0 34.2 6.5 5.3

TOTAL PHOSPHOROUS (mg/L)

DAY I A B c E
62 16.4 2.8
72 8.5 38
SETTLING FLUX

DAY ml/L ml/g mg
hr-cmcm

19 960 423

37 330 130

40 270 121

43 270 147

47 210 101

52 315 148

54 320 150

56 290 139 375
58 330 160 370
64 365 178 276
68 320 153 213
72 290 141 419
82 935 464 9
93 975 474 4

130



20 % MEDIA - 2.5 DAY MLVSS MCRT BEGIN DAY: 202 (4-30-92)

END DAY: 266 (7-3-92)
VSS (mg/L) AVS (mg/L)
DAY A B c AVG A B c AVG
204 1433 1433 1143 1336 2730 1536 509 1592
210 1489 1440 1110 1346 2848 1238 863 1650
215 1462 1450 1137 1350 2347 1521 504 1457
220 1600 1543 1100 1414 2885 1485 757 1709
227 890 770 567 742
231 1500 1160 840 1167 2504 1673 1361 1846
235 1633 1650 1230 1504 2194 1712 1155 1687
240 1744 1520 1440 1568 1998 1386 684 1356
245 1444 1400 1340 1395 1718 1556 827 1367
255 1475 1313 1200 1329 1691 1448 817 1319
265 1486 1363 1238 1362 1919 1589 978 1495
BMMONIA-N (mg/L) TKN (mg/L)
DAY I a B c E 1 a B c
204 109 14.6 118
210 110 11.9 119
215 15.5
220 104 21.6 120
227 82 28.3 101
231 87 26.5 109
235 102 19.8 118
240 95 14.1 5.3 4.5 8.6 104 177 156 153
245 107 7.2 6.4 116 149
255 107 20.7 11.1 9.4 9.8 119 164 150 146
265 105 20.0 10.5 7.2 7.8 119
NOX (mg/L) PO4-P (mg/L)
DAY I A B o E I A B o E
204 0.4 0.0
210 0.2 0.0
215 0.5 0.0
220 0.3 0.1
227 0.0 0.0
231 0.0 0.0
235 0.2 0.1
240 0.5 0.0
245 0.6 0.1 0.1 19.4 5.0 5
255 0.5 0.0 0.0 ©0.1 0.1 8.0 1.1 0.8 1.0 1
265 0.2 0.6 1.1 1.6 0.1 0.8 0.8 0.6 ©
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SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sI sA sB sC sE I A B C
204 95 3373

210 3121 79 3240

218 28

220 2716 45 2840

227 2068 78 2207

231 2222 69 2408

235 2485 46 2825

237 3210

240 2932 35 3087

241 87 22 25 2210 1803 1692
245 3071 21 24 3071 1568

255 3010 62 20 17 19 3010 1748 1493 1429
265 2948 70 19 20 16 3164

OXYGEN UPTAKE mg/(L-hr) mg/ (gVSS-hr)

DAY A B C A B (o]

237 149 23.6 15.0 38.9 7.0 6.3

242 148 26.0 13.5 39.6 8.9 6.3

256 148 30.0 15.4 46.7 10.7 7.6

pH FLOW

DAY I A B c E ml min ml/min L/day
210 29 5.0 5.8 8.4
215 8.3

220 8.3 32 5.3 6.0 8.7
227 6.0 8.3 32 5.3 6.1 8.8
235 5.2 8.1 50 8.0 6.3 9.0
240 4.8 7.9 8.1 8.0 8.2 S0 7.9 6.3 9.1
245 8.0 50 8.0 6.3 9.1
255 7.8 7.9 7.9 50 7.9 6.3 9.1
265 8.1 8.2 8.2 8.2 50 8.0 6.3 9.0
SETTLING

DAY ml/L ml/g

204 410 359
210 245 221
215 230 202
220 235 214
227 40 71

235 175 143
240 330 229
245 385 287
255 330 275
265 285 230
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20 % MEDIA - 5.0 DAY MLVSS MCRT BEGIN DAY: 94 (1-12-92)

END DAY: 202 (4-30-92)
vVSS (mg/L) AVS (mg/L)
DAY A B C AVG A B (o] AVG
96 1900 1729 1557 1729 1621 1061 1230 1304
98 2071 1886 1329 1762
100 2114 1971 1657 1914 1371 1011 1054 1145
104 2229 2357 2171 2252 1372 1108 972 1151
110 2043 2271 1829 2048
117 1957 2071 1786 1938 2282 1366 987 1545
124 1757 1829 1614 1733 1103 1627 1139 1290
129 1786 1786 1743 1772 2248 1279 1202 1576
131 1871 2229 1971 2024
137 2386 2357 2071 2271 2649 1460 1623 1911
148 2371 2229 2229 2276 2399 1746 1397 1847
154 2831 2646 2950 2809 2491 1744 1392 1876
157 2243 2157 1829 2076 2347 1460 1579 1795
164 2215 2231 2138 2195 2592 1475 1473 1847
167 2650 2537 2500 2562 2256 1520 1347 1708
181 2500 2537 2500 2562 2143 1368 840 1450
184 2754 2214 2371 2446
197 2284 2066 2131 2160 1683 1832 690 1402
AMMONIA-N (mg/L) TKN (mg/L)
DAY I A B C E I A B (o]
96 4.0 136
98 134 16.0 138
100 130 20 132
104 134 20 156
110 136 26 140
117 138 30 145
124 130 27 140
129 110 16 116
137 106 5.0 112
148 110 1.0 117
154 98 1.6 110
157 108 22.4 13.3 9.6 8.0 124 258 260 238
164 106 0.5 110 262 273 263
178 108 2.1 117
181 108 4.9 110
184 110 9.4 121
197 110 12.2 118
NOX (mg/L) PO4-P (mg/L)
DAY I A B C E I A B C E
157 0.2 0.0 0.0 1.0
164 0.3 4.6
178 6.6
181 0.4 2.8 4.9
184 0.5 5.4
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SOLUBLE COD (mg/L)

DAY

96

98

100
104
110
117
124
129
131
137
148
154
157
164
178
181
184
197

OXYGEN UPTAKE mg/(L-hr)

DAY

167
181
197

pH
DAY

93

154
157
197

sI

A

132
134
137

SA

57

B

24.0
27.9
22.9

sB

35

C

15.8
15.3
11.4

sC

29

TOTAL COD (mg/L)

sE I A B C
60 3060

96 3100

74 2940

43 2930

49 2870

85 3220

87 3147

34 3270

37 3301

32 3276

32 3180

17 2995

18 2765

30 2933 2918 2797
37 2944

40 3067

26 3174

62 3195

mg/ (gVSS-hr)

A B C
26.9 5.9 4.1
28.9 7.8 4.9
34.5 5.9 4.0
SV FLUX
E ml/L ml/g mg/ (cmcm-hr)
8.1
950 322 10
910 498 11
980 460
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30 % MEDIA - 2.5 DAY MLVSS MCRT BEGIN DAY: 267 (7-4-92)

END DAY: 367 (10-12-92)
VSS (mg/L) AVS (mg/L)
DAY A B C AVG A B (o] AVG
272 1438 1425 1090 1318 2642 2487 1374 2168
287 1487 1500 1313 1433 2420 3042 1316 2259
296 1412 1375 1046 1278 2488 2189 1177 1951
300 1250 1400 1075 1242 3123 2259 1359 2247
305 1225 1375 1025 1208 2695 2079 1836 2203
314 1400 1438 1071 1303 2865 2732 2187 2595
324 1600 1659 1371 1543 2854 3031 2246 2710
333 1400 1257 1171 1276 2689 2874 2244 2602
344 1387 1257 1186 1277 2462 3057 2987 2935
357 1240 1290 1180 1237 3132 3345 3342 3273
362 1340 1270 1240 1283 3580 3572 3644 3599
365 1430 1170 1260 1287 2969 3270 3788 3342
366 3347 3104 3310 3254
AMMONIA-N (mg/L) TKN (mg/L)
DAY I A B C E I A B C
272 109 5.4 121
287 110 6.1 110
296 113 5.5 114
300 106 10.4 110
305 104 10.2 110
314 104 9.0 111
324 83 6.4 99
333 101 3.9 105
344 77 0.5 98
357 103 20.2 6.8 0.5 1.1 104
362 101 22.5 10.3 4.0 3.0 104 142 146 135
365 109 17.8 6.7 2.1 1.7 113
NOX (mg/L) PO4-P (mg/L)
DAY I A B C E I A B C E
272 0.1 0.
287 1.9 1.
296 0.2 1.
300 0.3 1.
305 0.2 1.
314 0.1 2.
324 0.2 2.
333 0.2 3.2 5.0 1.
344 0.0 2.4 5.8 1.
357 0.1 0.0 2.2 6.3 5.3 5.3 3.9 2.5 2.8 2.
362 0.0 2.8 6.8 7.5 3.1 2.3 2.5 2.
365 0.1 0.0 2.6 6.8 6.8 8.0 2.9 2.5 2.3 2.
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SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sl sA sB sC sE I A B c

272 2711 29 2950

287 2902 22 2902

296 3062 37 3062

300 3110 37 3157

305 3078 33 3110

314 2807 30 2934

324 24 2392

333 3030 30 3078

344 1961 38 2249

357 2768 81 64 33 33

359 2277 2440

362 89 38 48 32 3014 2097 1999 1851

365 72 37 39 37 3276

OXYGEN UPTAKE mg/(L-hr) mg/ (gVSS-hr)

DAY A B C A B (o]

315 146 31.3 18.5 34.2 7.5 5.7

346 145 31.7 23.7 37.7 7.3 5.7

357 147 36.3 26.7 33.7 7.8 5.9

pH svI FLUX

DAY I A B o] E ml/L ml/g mg/ (cmcm-hr)

272 5.0 8.3 240 220

287 5.0 8.1 265 202

296 4.9 8.3 230 220

300 8.2 180 167

305 5.0 8.2 250 244

314 5.1 8.2 215 201 434

324 8.2 350 255 24

333 220 188 370

344 6.3 8.3 200 169 436

357 5.0 8.2 8.2 8.2 8.2 150 127 774

362 8.3 8.4 8.4 8.3 150 121 843

365 4.9 8.1 8.3 8.3 8.2 150 612 771

PHOSPHOROUS (mg/L) FLOW

DAY I A B (o] E ml min ml/min L/d

268 50 8.0 6.3 9.0

272 50 7.6 6.6 9.5

287 50 8.1 6.2 8.9

305 50 8.0 6.3 9.0

314 20 50 8.2 6.1 8.8

317 32 5.1 6.3 9.0

324 50 7.9 6.3 9.1

333 50 7.0 7.1 10.3

344 50 7.5 6.7 9.6

357 50 6.8 7.4 10.7
7.6 6.6 9.5

362 14 28 28 33 4.1 50
365 15 30 26 32 3.5
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40 % MEDIA - 2.5 DAY MLVSS MCRT BEGIN DAY: 171 (3-30-92)

END DAY: 266 (7-3-92)
VSS (mg/L) AVS (mg/L)
DAY A B c AVG a B c AVG
181 1256 1144 1070 1157 3336 2562 1312 2403
184 1292 1138 1123 1184 3275 2795 2272 2781
197 1349 1278 852 1160 4271 3447 2605 3441
204 1250 1037 1050 1112 4297 3049 2381 3242
210 1320 1260 900 1160 4297 3049 2381 3242
215 1140 912 862 971 4586 3316 2682 3528
220 1657 1443 1286 1462 4723 3265 1991 3326
227 1471 1257 1127 1325
231 1611 1237 1127 1325 4410 4063 2461 3645
235 1133 1090 1180 1134 4778 3518 2510 3602
240 1480 1280 1040 1267 5187 3555 2266 3669
245 1270 1130 980 1127 4745 4013 2555 3771
255 1520 1320 1160 1333 4636 4520 3276 4144
265 1470 1190 1070 1243 4411 5242 3396 4350
AMMONIA-N (mg/L) TKN (mg/L)
DAY I A B c E I a B c
178 108 2.4 117
181 108 7.9 110
184 110 4.5 121
197 110 6.3 118
204 109 1.0 118
210 110 0.0 119
215 1.0
220 104 20.8 19.1 19.0 19.8 120 183 170 144
227 82 1.1 101
231 87 0.8 109
235 102 118
240 95 5.8 0.0 0.0 0.0 104 128 117 108
245 107 0.0 0.0 116 102
255 107 10.7 1.5 0.0 0.0 119 162 152 139
265 105 11.9 0.9 0.0 0.0 119
NOX (mg/L) PO4-P (mg/L)
DAY I a B c E 1 a B c E
178 4.8
181 0.4 6.2
184 0.5 8.8
197 0.1 4.2
204 0.4 8.3
210 0.2 10.1
215 0.5 10.0
220 0.3 0.2 0.1 0.2 0.2
227 0.0 8.7
231 0.0 8.6
240 0.5 5.4
245 0.6 8.9 7.9 3.0 3
255 0.1 1.3 3.2 3.0 1.4 1.3 0.9 1
265 0.1 1.6 6.4 4.2 0.8 0.9 1.9 0
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SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sl sA sB sC sE 1 A B o]
178 46 2944

181 66 3067

184 66 3174

197 2838 53 3195

204 58 3373

210 3121 67 3240

215 30

220 2716 41 35 35 36 2840 1883 1605 1250
227 2068 36 2207

231 2222 33 2408

235 2485 2825

237 3210

240 2932 50 28 38 25 3087 1692 1432 1136
245 3071 32 28 3071 1037

255 3010 38 16 16 14 3010 1901 1494 1383
265 2948 36 35 17 15 3164

OXYGEN UPTAKE mg/(L-hr) mg/(gVSS-hr)

DAY A B (o} A B C

237 171 41.6 20.0 28.9 9.0 5.4

243 168 45.0 24.0 25.2 9.3 7.3

256 180 51.4 26.5 29.2 8.8 6.0

pH svI

DAY I A B c E ml/L ml/g

197 220 258

204 190 181

210 200 222

215 8.5 165 191

220 5.2 8.3 8.5 8.6 8.5 235 183

227 6.0 8.5 190 171

235 300 254

240 4.8 8.1 8.4 8.6 8.4 195 188

245 8.5 115 117

258 4.8 7.8 8.1 8.3 140 121

265 4.9 8.2 8.4 8.6 8.5 150 140

PHOSPHOROUS (mg/L) FLOW

DAY I A B Cc E ml min ml/min L/d
197 11 0.5 35 6.0 5.8 8.4
210 29 5.0 5.7 8.2
220 32 5.8 5.6 8.0
227 32 5.5 5.8 8.4
235 50 8.3 6.0 8.7
240 13 50 8.0 6.3 9.0
245 50 8.9 5.6 8.1
255 10 23 24 50 8.0 6.3 9.0
265 50 8.0 6.3 9.1



40 % MEDIA - 5.0 DAY MLVSS MCRT BEGIN DAY: 105 (1-23-92)

END DAY: 170 (3-28-92)
vSS (mg/L) AVS (mg/L)
DAY A B c AVG A B c AVG
110 2243 2014 2143 2133
117 2029 1943 2000 1991 3193 1282 1367 1947
124 2200 2043 2071 2105 2969 1234 1017 1740
129 2200 1600 1600 1800 2767 1171 1625 1854
131 2114 2086 1943 2048
137 2200 1814 2329 2114 3095 3003 1680 2593
148 2557 2514 2514 2528 3309 2587 1607 2501
154 2171 2029 1986 2062 2726 1965 1665 2119
157 1967 2317 2200 2161 3451 2254 1113 2273
164 2354 2262 2446 2354 3306 2220 925 2150
167 2683 2612 2624 2640 3095 2286 1120 2167
AMMONIA-N (mg/L) TKN (mg/L)
DAY I A B c E I A B c
110 136 4 140
117 138 22 145
124 130 29 140
129 110 18 116
131 19 113
137 106 16 112
147 110 0.8 117
154 98 1.7 110
157 108 0.3 124 230 284 284
158 106 117
164 106 10.2 0.3 0.0 0.0 110 283 273 290
NOX (mg/L) PO4-P (mg/L)
pay 1 A B c E I A B c E
164 0.3 5.6
SOLUBLE COD (mg/L) TOTAL COD (mg/L)
DAY sl sA sB sC sE I A B C
110 2870 51 2870
117 3220 97 3220
124 3052 79 3147
129 3177 47 3270
131 3053 39 3301
137 2923 38 3276
148 3180 32 3180
154 2300 32 2995
157 2596 24 2765
164 2647 29 2692
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OXYGEN UPTAKE mg/(L-hr) mg/ (gVSS=-hr)

DAY A B Cc A B C

167 198 30 17 34.3 6.1 3.4

pH SVI FLUX
DAY I A B (o E ml/L ml/g mg/(cmcm-hr)
157 960 436 6.1
164 5.1 8.3

PHOSPHOROUS (mg/L) FLOW

DAY I A B o] E ml min ml/min L/d
197 11 0.5 35 6.0 5.8 8.4
210 29 5.0 5.7 8.2
220 32 5.8 5.6 8.0
227 32 5.5 5.8 8.4
235 50 8.3 6.0 8.7
240 13 50 8.0 6.3 9.0
245 50 8.9 5.6 8.1
255 10 23 24 50 8.0 6.3 9.0
265 50 8.0 6.3 9.1

140



40 % MEDIA - 7.5 DAY MLVSS MCRT

VSS (mg/L)
DAY A

272 2550
296 2962
300 2770
305 2338
314 2988
324 2944
333 2500
344 2800
357 3040
362 2710
365 2910

B

1975
2363
2390
2500
2725
2789
2067
2460
3050
2590
2720

AMMONIA-N (mg/L)

pay I
272 109
296 113
300 106
305 104
314 104
324 83
333 101
344 77
357 103
362 101
365 109
NOX (mg/L)
DAY I
272 0.4
296 0.3
300

305 0.3
314 0.2
324

333 0.2
344 0.0
359 0.1
362

365 0.1

S o;m
« .
- m W

(e NeoNe]
YTy

c

1880
2267
2270
1843
2500
2898
2025
2520
2940
2420
2700

[oNeoNe]
“ e
(oo Ne)

AVG

2135

2531

2477

2227

2738

2877

2197

2593

3010

2573

2777

C E
4.8
0.3
0.0
0.0
0.0
0.0
1.0
0.0

0.0 0.0

0.0 0.0

0.0 0.0

c E
5.5
18.2
13.5
23.3
14.4
10.7
9.9
3.8

13.5 8.9

11.6 11.0

16.0 14.5

BEGIN DAY:
END DAY:
AVS (mg/L)
A B
4710 5726
3935 4816
4580 4788
3984 4696
4552 4845
4316 4359
4189 4028
3690 3225
3616 3214
3935 4003
3589 3886
TKN (mg/L)
I A
121

114

110

110

111

99

105

98

104

104 308
113

PO4-P (mg/L)

I A

7.6

8.5

14.1

11.2

4.6

5.4

5.3 3.0
3.8

8.0 3.3
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269 (7-6-92)

367 (10-12-92)

3797
4217
4422
3717
3933
4572
3969
4167
3758
3884
4254

283
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AVG

4744
4323
4597
4132
4443
4416
4062
3694
3529
3941
3910
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SOLUBLE COD (mg/L) TOTAL COD (mg/L)

DAY sI sSA sB sC sE I A B (o]
272 2711 20 2950

296 3062 29 3062

300 3110 24 3157

305 3078 25 3110

314 2807 47 2934

324 37 2392

333 3030 37 3078

344 1961 35 2249

357 2768 29 30 36 34

359 2440

362 29 46 32 33 3014 3669 4046 3276

365 2277 29 48 29 34 3276

OXYGEN UPTAKE mg/(L-hr) mg/ (gVSS~-hr)
DAY A B c A B c
334 188 32.4 31.1 28.1 5.3 5.2
359 190 33.8 27.6 28.5 5.4 4.1
364 200 38.1 27.0 33.0 6.2 4.6

PH svi FLUX CST

DAY I A B o] E ml/L ml/g mg sec
(cmcm-d)

272 5.0 8.4 405 215

296 4.9 8.3 560 247

300 8.3 650 286 77

305 5.0 8.2 840 456 57

314 5.1 8.3 910 364 17

324 8.3 970 335 7

333 640 316 59

344 6.3 8.3 575 228 97

357 5.0 8.1 8.3 8.4 8.3 850 289 31 22

363 8.2 8.4 8.5 8.3 910 376 15 28

365 4.9 8.0 8.3 8.4 8.3 955 354 10 29

PHOSPHOROUS (mg/L) FLOW

DAY I A B C E ml min ml/min L/d

272 50 7.6 6.6 9.4

287 50 8.1 6.2 8.9

296 50 7.8 6.4 9.3

314 20 50 8.3 6.0 8.7

324 50 8.0 6.3 9.0

333 50 8.3 6.0 8.6

344 50 7.7 6.5 9.4

357 50 7.8 6.4 9.2

362 14 43 56 61 50 7.7 6.5 9.4

4
365 14 59 52 65 4
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