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ABSTRACT

APPLICATION OF PLASTIC MEDIA TRICKLING FILTERS
FOR BIOLOGICAL NITRIFICATION SYSTEMS

A detailed research program (EPA Contract No. 14-12-900),
undertaken by Dow Chemical U.S.A. (Midland, Michigan) has
demonstrated the feasibility of utilizing plastic media
trickling filters in a stage treatment system to achieve
biological nitrification. The study has defined the
controlling parameters, operational characteristics, and
basic design guidelines and economics of the process.

Unchlorinated clarified secondary effluent from the Midland,
Michigan, Waste Treatment Plant was fed at controlled rates
to a pilot plant trickling filter. This is a low BOD. stream
(15-30 mg/l) with an ammonia nitrogen concentration in the

range of 10-20 mg/1 NH5-N.
The system consistently maintained 80-90 percent oxidation
of ammonia nitrogen. This was achieved at flow application

rates up to 1.5 gpm/sq ft, with variable recycle ratios,

and at wastewater temperatures from 40-70°F. There appears
to be a practical limit of ammonia nitrogen in the effluent
in the range of 1-1.5 mg/l. The system has shown consistent
and stable performance throughout both summer and winter
operation. Recovery to physically induced upset was rapid.

The visible slime growth was thin, tough, and resistant

to drying. Net solids production by the nitrification tower
was low. The tower effluent can be passed directly to a
mixed media filter without intermediate clarification. The
effectiveness of final chlorination appeared to be improved
by the nitrification process. The influent BOD_. and sus-
pended solids to the nitrification tower were ngt significantly
altered by the process. Subsequent anaerobic denitrification
was achieved by controlled addition of methanol directly to

a mixed media filter; significant changes were observed in
its operation. Ninety-five percent denitrification (and 85
percent total nitrogen removal overall) was maintained
simultaneously with effective suspended solids removal.
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CONCLUSIONS

Plastic media trickling filters are capable of achieving
consistent, high level nitrification (>90 percent con-
version) when operating on a low BOD, waste stream
(15-30 mg/l) containing ammonia nitrogen concentrations
in the range of 10-20 mg/l.

The system has shown consistent and stable performance
throughout both summer and winter operation. High

level nitrification can be achieved in summer at influent
application rates in the range of 1.0-1.5 gpm/sqg ft, and
winter application rates in the range of 0.5 gpm/sq ft

plus recycle.

Increased recycle provided improved flow stabilization
but showed minimal effects on the overall degree of

nitrification achieved.

There appears to be a final effluent limitation for

ammonia nitrogen in the range of 1-2 mg/l.

The visible slime growth on the plastic media was thin,
tough, and resistant to drying. Net solids production
by the nitrification tower was low. Suspended solids
and BOD5 levels in the tower effluent (prior to clari-
fication) were not significantly different from those
of the tower influent. The tower effluent may pass
directly to a mixed media filter without intermediate

clarification.



Subsequent denitrification may be achieved by controlled
addition of methanol directly to the mixed media filter.
Ninety-five percent denitrification (and 85 percent
total nitrogen removal overall) was maintained simul-
taneously with effective suspended solids removal.
Significant changes were observed in the operation

of the mixed media filter.

The nitrification system can effect reductions in ultimate
fish toxicity, improve bacteriological disinfection
efficiency, and result in realistic breakpoint chlorin-

ation economics.
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INTRODUCTION
«

Nitrogenous oxygen demand recently has been receiving
increased attention in evaluating the overall effects of
treated sewage effluent on a receiving body of water. Major
emphasis has been placed on removal of biological oxygen
demand (BOD) and suspended solids from wastewater before
discharge, with no distinction being made between the

carbonaceous and nitrogenous forms of oxygen demand.

In general, most efficiently operated conventional biological
treatment facilities are capable of high removals of carbon-
aceous material (>90 percent). These same facilities,
however, have been shown to oxidize only 10 to 60 percent

of the influent nitrogen (1,2). This wide range of
efficiencies is indicative of the relative unpredictability
of nitrification as experienced in most current treatment
systems. The resultant nitrogen-laden effluents have been
shown to play a significant role in the oxygen balance

of receiving waters.

Work done by the Michigan Water Resources Commission indicated
that the most important source of oxygen demand in the Grand
River below Lansing, Michigan, was nitrogenous in origin (3).
It accounted for as much as 75 percent of the total oxygen
depletion within a 10 mile stretch below that City. Similarly,
Wezernak and Gannon (4) concluded from studies on the Clinton
River bhelow Pontiac, Michigan, that the major deoxygenation
components were in the form of nitrogenous compounds. These
instances, among others (5,6), indicate the increased need

and the likelihood for more stringent requirements on total



oxygen demand (TOD). This will ultimately necessitate
the development of effective nitrification incorporated

into overall wastewater treatment at many locations.

The studies by Barth et al. (7) and Johnson and Schroepfer (2)
indicate the effectiveness of the "stage" approach in obtaining
predictable nitrification in laboratory units. This is
generally agreed to be related to the relative difference

in the rapid growth rate of the heterotrophic bacterial
populations active in carbonaceous removal and the slower

development of the autotrophic nitrifying bacteria.

This project was initiated to investigate the feasibility

of utilizing a plastic media oxidation tower for a stage
nitrification system. It was felt that a fixed film reactor
with high surface area would develop the aged biological
growth necessary for good nitrification and produce an
effluent with a high degree of settleability. Plastic

media oxidation towers having minimal and highly flexible
space requirments can be readily adapted to most existing
treatment plants, realizing savings in capital expenditure

costs as shown by Germain (8).
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PROJECT OBJECTIVES
L

The need for controllable and economical processes to
achieve biological nitrification arises from the increased
possibility of more stringent effluent standards on ammonia
nitrogen (NH3—N) in large volumes of municipal wastes. 1In
the near future, many existing waste treatment facilities
will have to be upgraded and a large number of new plants
will have to be designed for NH3—N control.
The main objective of this contract was to establish the
feasibility of utilizing plastic media trickling filters
for biological nitrification in a stage approach. The
controlling parameters were to be identified and the
necessary process design guidelines developed for field

application of the nitrification piocess.

Major emphasis was placed on development of design consider-
ations which could be utilized in practical and economical
application of the results of the contract. Miminal effort
was devoted to theoretical research considerations of the

complex biological processes involved.
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MATERIALS AND METHODS

STUDY LOCATION AND FACILITIES
The location of this research was the Midland, Michigan,

Wastewater Treatment Plant. This is a well-operated
secondary wastewater treatment plant treating predominantly
domestic sewage. It incorporates primary sedimentation
followed by two-stage rock media trickling filters with
intermediate and final clarification. The organic and
hydraulic loadings on these trickling filters are great
enough that nitrification does not occur. The sludges are
dewatered chemically and/or thermally without digestion

and ultimately transported to a sanitary landfill. Typical
performance data and effluent characteristics from the
Midland location during the course of this contract are

shown in Table 1.

The pilot plant nitrification work was conducted using
unchlorinated final effluent from the Midland plant as

a waste stream source. This influent feed was applied

to a standard pilot plant oxidation tower located near the
headworks of the Midland facility. This unit consisted of

a 3-foot diameter column packed to a depth of 21.5 feet

with SURFPAC® (registered trademark of The Dow Chemical
Company) biological oxidation media. Plastic oxidation

media is designed to promote film flow across a large uniform
surface per unit volume, and to provide a high void ratio for
adequate oxygen transfer and alleviation of plugging problems.
The physical characteristics of the artificial media used in
this contract are shown in Table 2 and a cross-sectional

diagram of the pilot oxidation unit in Figure 1.



The clarified but unchlorinated final effluent from the
Midland plant was directed to the oxidation tower throughout

the study as needed. Provision was made to recycle the
tower effluent, if desired, prior to suspended solids removal

by pilot scale clarification and/or mixed media pressure

filtration.

TABLE 1

MIDLAND, MICHIGAN, WASTEWATER TREATMENT
EFFLUENT CHARACTERISTICS

Avg. Secondary Effluent

(mg/1)
BOD 15 - 20
Suspended Solids 15 - 20
pH 7 - 8
NH3—N 8 - 18
NO,-N 0.3 - 0.5
Organic-N 1.5 - 4.0
Temperature: Winter 44°F (7°C)
Summer 68°F (20°C)
TABLE 2
PLASTIC MEDIA CHARACTERISTICS
Available Surface Area 27 sq ft/cu ft
Void Space 94 %
Sheet Thickness 30 mil
Weight 2.6 1lb/cu ft
Material Polyvinyl Chloride
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ANALYTICAL PROGRAM

A flow schematic of the pilot plant installation is shown

in Figure 2, along with designation of the five major
sampling locations. Additional sampling was done at inter-
mediate tower depths periodically during the study- Samples
from four sampling points (Numbers 1, 2, 3, and 4) were
taken with automatic compositing devices and refrigerated
during collection. The operation of the oxidation tower was
continuous. Sufficient time for acclimitization was allowed

between the different periods of study-

Since daily changes in the controlling parameters were not
expected to be great, the sampling schedule was limited to
four 24-hour composite periods during each week of operation.
The auto-samplers were started on Monday mornings and
composited samples collected at 24-hour intervals on Tuesday,
Wednesday, Thursday, and Friday morning. Except for special
studies, the samplers were shut down after the Friday morning
sample. Where appropriate the analyses were performed the
same day the sample was collected.

Specific analyses for nitrite (NOZ-N) and nitrate (NOB—N)
nitrogen were accomplished using an automatic colorimetric
analyzer (Technicon AutoAnalyzer) which was provided for
this contract by the Environmental Protection Agency.
Carbonaceous analyses were done on a combustion analyzer
(Beckman). The following procedures specified in "Standard
Methods for the Examination of Water and Wastewater," 13th
Edition, were used: suspended solids, Part 224C; Kjeldahl
nitrogen, Part 216; biochemical oxygen demand, Part 219;
ammonia nitrogen, Part 212 (distillation; pH, Part 221;

and temperature, Part 162, From time to time throughout the
study, there was additional sampling and analytical work

specific to supplementary investigations.
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RESULTS AND DISCUSSIONS

PILOT PLANT OPERATION

The first six months of the contract period were spent

primarily in conceptual planning, engineering, site modi-
fication, construction, equipment procurement and installation,
and establishing the analytical program. All materials and
equipment were obtained and installed by late January 1971.

The initial startup of the pilot facility took place in early
February 1971.

As seen in Figure 1, the influent flow to the pilot oxidation
tower is controlled by means of a fixed orifice operating from
a constant hydraulic head box. The excess influent waste is
returned to the sewer and the measured flow through the
orifice directed into a mixing funnel and subsequent rotary
distribution system. During periods of recycle, tower
effluent is taken from the sump at the bottom of the tower

and controlled flows are directed to the media in a similar
manner. On the recirculation system, the overflow maintaining
a constant head is directed back into the tower sump so that
no treated waste is lost from the system.

No provisions were made during this study for variable

pilot plant feed to correspond to normal diurnal fluctuations
experienced in the waste volume of the full-scale treatment
plant. All work was done at constant hydraulic application
rates. These rates were measured as application rates to the
oxidation tower in gpm/sq ft cross-section surface area.

This measure is often used as a standard guideline for
operation of trickling filters. When reference is made

to the incoming waste application rate, it is as influent

13



feed in gpm/sq ft; recirculation is referred to as recycle
in gpm/sg ft; and, the combination of influent feed and
recycle is referred to as the total hydraulic application
rate in gpm/sqg ft. The operating levels of the hydraulic
application rate distinguish the different operating periods

of the contract.

An operational summary of the pilot plant throughout the
entire 18 months of experimental work is shown in Table 3.
The controlling parameters for the periods indicated are
subdivided into the individual operating sections regulated
to study their relationship to nitrification. Further
assembly of the experimental results and operational periods
into distinct groups is done throughout the remainder of
this report to support specific areas of discussion. Daily
data summaries for each study period are included in the
Appendix. Data summaries and analyses for each study period
and groups of periods have been filed with the Official
Project File at EPA Headquarters, Washington, D. C., and with
the Project Officer at NERC, Cincinnati, Ohio.

STARTUP

It was evident from the initial operation of the pilot unit
that little, if any, nitrification was occurring in the
oxidation tower. This situation continued throughout the

first four to six weeks of operation.

Attempts to accelerate the establishment of a nitrifying
population included seeding the pilot plant with 15 gallons
of activated sludge material from a known nitrifying source.
This return sludge was obtained from the Pontiac, Michigan,
sewage treatment plant and was added to the pilot facility
on March 12, 1971. The seeding procedure was an effort

to expose the pilot tower to bacterial solids of a nitri-
fying nature and to accelerate the development of a

nitrifying growth on the plastic media.

14
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Shortly after the seeding procedure, there was evidence

of a biological growth cccurring on the surfaces within

the pilot clarifier, the center column, side walls, and in
the overflow weir box from the clarifier. This periphyton-
like growth was also very evident in the open drain channel
in the floor of the pilot facility. It was characterized
by a very light fluffiness and settled poorly- Further,

it did not adhere very tightly to surfaces and readily
broke loose and washed out of the system with minimal
disturbance. Based on these observations, the initial
recycle over the oxidation tower was terminated to minimize
the hydraulic shear on the oxidation media in an effort to
establish this growth on the tower. A flow of 0.5 gallons
per minute was then pumped from the bottom of the clarifier

to the tower influent to return any settled solids.

The month of March was characterized by a very cool spring-

time condition; the average influent temperature to the

pilot plant was 47°F. 1In previous work (9), there have

been indications that the development of a nitrifying pop-
ulation is somewhat dependent upon temperature and this

could be a possible source for the problems experienced

at this point in the study. There was an additional average
drop in waste temperature across the pilot unit of approximately

4°F due to cooling effected by the packed tower.

There did not appear to be any other limiting characteristic

of the waste which might have caused difficulties in estab-
iishment of a nitrifying population. The carbon concentration,
nutrient levels, pH, and buffering capacity of the influent
waste were typical of a normal secondary sewage effluent with

nothing specifically limiting to nitrification.
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Near the end of March 1971, the analytical monitoring
indicated that there was a decrease in ammonia nitrogen
occurring across the pilot plant unit. This corresponded
with the appearance of a visible slime growth on the plastic
media. The system was definitely achieving high level
nitrification by the second week in April 1971. This per-
formance was maintained throughout the subsequent 18 months
of pilot operation and no further difficulties were
encountered in establishing or maintaining an actively

nitrifying system.

The establishment of a viable nitrifying population was
probably enhanced by seeding the system with a known source
of nitrifiers. It is difficult to conclude, however, that
nitrification would not have developed without such a
seeding procedure. Other work has indicated that there
were similar time lags in developing a viable nitrification

system (10).

It was unfortunate that the pilot plant startup took place
when extreme winter temperatures were prevalent since this
could have significantly retarded the establishment of a
biological growth.

REPRESENTATIVE PERFORMANCE

The performance of each operating period is summarized in
Table 3, showing mean values for key indicators. Detailed
results from study Period VIII (9/10-10/29/71) are provided
in Table 4. This six-week period during the fall of 1971
is representative of the general pilot plant performance

throughout the entire study program.

17



TABLE 4
REPRESENTATIVE DATA - PERIOD VIII

Conditions: 9/10 to 10/29, 1971

Feed: 0.5 gpm/sq £ft
Recycle: 1.0 gpm/sqg ft
Concentration, mg/1l
Tower Tower Filter
Influent Effluent Effluent
NH,-N 16.8 1.4 1.4
NO3-N 0.4 14.9 14.4
NO,-N 0.2 G.5 0.3
Organic-N 4.3 2.7 2.0
Total Nitrogen 21.7 19.5 18.1
TOC 18.8 14,0 12.4
Inorganic Carbon 44,2 18.6 19.0
Suspended Solids 19,6 18.0 3.3
Temperature 65°F 61°F

The system was in a state of active nitrification with
greater than 90 percent conversion of influent ammonia
nitrogen throughout this period. There was a corresponding
increase in nitrate concentration across the oxidation
tower with minimal levels of nitrite nitrogen throughout
the system. There is very little nitrogen removal - rather
a conversion of ammonia to nitrate; the total nitrogen
concentration remains relatively constant across the tower.
Some organic nitrogen disappears - probably hydrolyzed

to NH,-N prior to nitrification. Throughout the entire
study there appears to be a residual concentration of

organic nitrogen of approximately 1-2 mg/l. The change

18



in organic nitrogen across the tower corresponding to the
influent organic nitrogen concentration is shown in
Figure 3. Data represent mean values from Periods I-XVIII.
Additional work to achieve biological denitrification. in
the mixed media filter will be discussed in a later section.

The oxidation tower functioned strictly as a nitrifying
system with little carbonaceous removal taking place. The
carbonaceous load to the tower was generally in the range
of 5-10 1lbs BOD5/1000 cu ft media/day. Throughout the
entire study, there was little decrease across the tower
in total organic carbon (TOC) or BODS, the latter being
monitored only periodically. Coincident with this lack

of carbonaceous activity was a very low solids yield from
the nitrifying system. Throughout the entire program there
was very little generation of suspended solids from the
oxidation of ammonia nitrogen. The changes in inorganic
carbon indicated in Table 4 are probably directly related
to changes in the alkalinity and the buffering capacity

of the waste due to nitrification.

NITRIFICATION EFFICIENCY
Throughout the study periods there were some variations

in the influent concentration of ammonia nitrogen. Based

on mean values, this ranged from 7.0 mg/1l up to 18.5 mg/l.

The variations of the influent NH3-N concentration over

the entire study period is shown in Figure 4. These variations
were directly related to groundwater infiltration into the
sewer system. The lower concentrations occurred during late
winter and springtime and the higher values during the dry

weather conditions of late summer and early fall.
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Irrespective of the influent ammonia nitrogen level or the
mode of tower operation, the lower limit of the ammonia
nitrogen concentration in the effluent of the oxidation
tower appears to be 1-2 mg/l. The data shown in Table 5
represent five different operating periods throughout a

one year period. The mean values of the final effluent
ammonia nitrogen concentration fall within the 1-2 mg/1
range. There were numerous days, as shown in Figure 5,

for which the effluent concentration was <1 mg/l of ammonia
nitrogen; however, as in most biological processes, there
were an equal number of days of values >1 mg/l. During
operation at optimum hydraulic conditions, the average
effluent values seemed to consistently fall between 1-2 mg/1

ammonia nitrogen.

Substrate limitation seemed to be the limiting factor rather
than a physical parameter such as nitrogenous loading, as
can be seen when comparing results from similar periods.
Despite considerable variation in influent ammonia nitrogen

N
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concentration for Periods IXI, VIII, and XV (11.3, 16.8, and
7.5 mg/l, respectively), the corresponding effluents con-
tained 1.3, 1.4, and 1.2 ng/1 NH3—N. This information leads
to the conclusion that at the hydraulic and nitrogen loadings
encountered, the optimum average final effluent concentration
will fall within the 1-2 mg/l range.

TABLE 5
AMMONIA NITROGEN EFFLUENT LIMITATION

NH,-N (mg/1)

Operating Flow (gpm/sq ft) Tower Tower
Period - Season Feed Recycle Influent Effluent

2 May 0.5 1.0 11.3 1.3

3 June 1.0 0 12.0 1.7

8 Oct. 0.5 1.0 16.8 1.4

11 Jan. 0.5 1.0 13.2 1.9

15 April 0.71 0 7.5 1.2

HYDRAULIC APPLICATION RATE
Two widely used design parameters for trickling filters

are substrate loading (1lbs/1000 cu ft media/day) and influent
hydraulic application rate (gpm/sq ft surface application
area). The pilot unit used in this study was constructed

in such a manner that the hydraulic rate could be changed
quickly and precisely whenever desired. Since chemical
additions were not considered, the influent ammonia nitrogen
concentration was limited to the limited range occurring

in the treated domestic sewage. Therefore, the only method
of significantly increasing the ammonia loading to the
trickling filter was to increase the influent feed rate.

Due to these limitations, the nitrification tower perform-
ance will be discussed in terms of hydraulic loadings with
passing reference to substrate loadings.
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According to the data in Table 6, there is a definite
relationship between hydraulic loading and nitrification
performance. Figure 6 illustrates that effective (>80
percent) nitrification is not feasible at influent feed
rates much greater than 1.0 gpm/sq ft. Performance drops
of f rapidly as the influent feed approaches 2.0 gpm/sq ft.

At the ammonia nitrogen concentrations encountered, 80

to 90 percent nitrification is achievable at influent feed
rates under 1.0 gpm/sq ft. The inverse proportion relation-
ship (increasing performance with decreasing influent feed
rate) is characteristic of previous experience with carbon-
aceous oxidation in trickling filters. The effects of
higher ammonia nitrogen influent concentration are not

yet clearly defined. A critical consideration that was
extensively evaluated is temperature. The effect of temper-
ature on the hydraulic loading-nitrification performance

is discussed in a later section.

TOWER DEPTH

In an effort to locate the most active areas of the nitri-
fying tower, several profiles of nitrogen species were
developed by collecting samples at intermediate tower depths.
The ammonia nitrogen profile, when plotted from two different
operating conditions as shown in Figures 7 and 8, indicates
that the total media depth (21.5 feet) would be required to

achieve an effluent ammonia nitrogen concentration of 1-2
mg/1l.

The curves suggest that at these conditions, additional
media depth would have little effect on the ammonia nitrogen

concentration in the final effluent. Even fairly low influent
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‘ TABLE 6
SUMMARY Of PERIODS 1, IV, VI, AND XV

Flow (gpm/sq ft) Sample NH,-N Loading %
Period Date Inf. Recycle  Location NH,- LQ}M cu ft/Day Efficiency

II 5/4 - 5/14/71 0.5 1.0 Influent 11.3 3.1 89
Effluent 1.3

XVIiii 6/23 - 7/19/72 0.71 0 Influent 13.4 5.2 85
' Ef fluent 2.0

v 7/15 - 8/6/71 1.0 0 Influent 13.3 7.3 82
Effluent 2.5

vi 8/10 - 8/17/71 1.5 0.5 Influent 14,6 12.1 77
Effluent 3.4

v 6/15 - 6/30/71 2,0 0 Influent 13.1 14.5 63

Effluent 4.9
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concentrations (which provide low nitrogenous loadings)
did not enable the trickling filter to consistently achieve
<1.0 mg/l ammonia nitrogen in the effluent.

Some thought was given to operating a second pilot tower
in series with the existing installation, but this was

not done because of limitations of time and funds.

RECYCLE

In an effort to achieve the maximum performance from the
nitrification tower, considerable work was done on the
effects of recirculation of the tower effluent. The resuyltsg

of several periods utilizing recycle (summarized in Table 7)

26



Le

mg/i

12+

10}

mg/!
Influent = 0.71 gpm/sq ft Influent = 0.71 gpm/sq ft
Recycle = 0.0 121~ Recycle = 0.0
NH3—N
10

In Tower Depth = 21.5 Ft. oyt O Tower Depth = 21.5 Ft. Out
June 1972 August 1972

NITRIFYING TOWER NITROGEN SPECIES PROFILE

FIGURE 7 FIGURE 8



8¢

Period

I

XI

XIV .

XVIII

Date

April 71

May 71

Jan. 72

March 72

July 72

SUMMARY OF RECIRCULATION EFFECTS

TABLE 7

Flow (gpm/sq ft)

Influent Recycle
0.5 0
0.5 1.0
0.5 1.0
0.71 0.5
0.71 0

Sample

Location

Influent
Effluent

Influent
Effluent

Influent
Effluent

Influént
Effluent

Influent

Effluent

NH,—-N

10.0
1.9

11.3
1.3

13.2
1.9

15.0
2.6

13.4
2.0

$ NH
Conversion

81

89

86

83

86



were rather inconclusive. 1In general, recycling the tower
effluent did not significantly improve the overall nitrifi-
cation performance of the system. Although several periods
with recycle do exhibit slightly improved efficiency (see
Figure 9), other periods of comparable operation show the

effect of recycle to be negligible.

Considering all of the variables which influence the
efficiency of nitrification, such as temperature, influent
applications, etc., it is reasonably evident that adjust-
ment of tower recycle is not alone sufficient to consistently
provide low concentrations of ammonia nitrogen in the final
effluent. The increased pumping costs associated with

high recycle systems would probably negate any benefits of
improved efficiency. However, since most waste treatment
facilities have diurnal variations in flow volume, it is

a general practice to design trickling filters with recycle
capacity to maintain adequate and stabilized flow applications
during low flow periods. The benefits of recycle are more

a means of achieving consistent stabilized operation rather

than high level performance.

TEMPERATURE (SEASONAL)

The pilot plant was operated continuously over an 18 month

period to evaluate all seasonal conditions. It had been
previously seen that nitrifying bacterial populations are
extremely sensitive to low temperatures. It was imperative,
therefore, to evaluate the nitrification performance during

both summer and winter conditions.
Cumulative performance over a wide range of operating

conditions from two distinct temperature conditions is

shown in Figure 10. Clearly illustrated is the three-way
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relationship between temperature, hydraulic loading, and
percent nitrification. The effect of cold weather on
nitrification performance, very evident at moderately high
flow rates, is significantly reduced at lower hydraulic

application rates.

One of the major reasons for the need for efficient nitri-
fication is related to the total 6xygeh demand (TOD) contained
within a municipal sewage effluent. Since ammonia nitrogen
has a high oxygen demand, it is necessary to convert the
ammonia to the most completely oxidized nitrate form prior

to discharge to alleviate upset of the oxygen balance within
the receiving body of water. A comparison of the performances
during Periods III and XII (differing significantly only

with respect to operating temperature) is summarized in

Table 8. The performance was significantly reduced at

the lower temperature.

It is important to note that high level nitrification efficiency
was attained during the coldest winter months operating at
influent waste temperatures as low as 37°F. This was accom-
plished by operating the system at a moderately low influent
hydraulic application rate. Since the overall volume of

media required to achieve a given effluent quality is directly
related to the influent waste application rate, the effect of
temperature could have a significant bearing on the total
capital economics of a given installation. If a system was

to be designed for high level performance throughout the

year, i.e. producing an effluent of 1.5 mg/l of ammonia
nitrogen at a treatment facility located in a northern
climate, the system design would have to be based on a
relatively low influent feed rate. Conversely, if winter
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Period

ITI

XIT1

Date

June

Feb.

71

72

TABLE 8

EFFECT OF TEMPERATURE ON PERFORMANCE

Flow (gpm/sq ft)
Influent Recycle
1.0 0
1.0 0

Sample

Location

Influent

Effluent

Influent

Effluent

Temperature
NH,-N (°F)
12.0 57 s
1.7 54
15.5 48
6.1 44



conditions were not going to be experienced, the same effluent
requirements could be achieved at a greater application

rate, reducing the required trickling filter volume and

corresponding costs.

The biological nitrification tower exhibits good design
flexibility. The system can be designed for seasonal
variations in effluent quality. A system designed for
economical operation to provide high level treatment for
summer conditions would continue to provide nitrification

at a lower conversion level during the winter months. Even
if high level nitrification is required on a year-round
basis, a properly designed biological oxidation tower 1is
capable of providing nitrification in the range of 90 percent

conversion with a final effluent concentration of 1-2 mg/l.

SUSPENDED SOLIDS RELATIONSHIP

Biological nitrification systems are known to be dependent
upon the development of late-stage biological nitrifying
populations. For this reason, the pilot plant was initially

established with a clarifier to accept all of the discharge
from the oxidation tower. It was felt that it would be
necessary to recirculate the biological solids collected

in this clarifier back to the oxidation tower to provide
the aged growths necessary for active nitrification. Addi-
tional solids capture was provided by the final mixed media
filter. The initial high solids backwash from the mixed
media filter could be returned to the oxidation tower to

assure the maintenance of late-stage nitrifying populations.
The pilot scale clarifier was used during the initial periods

of operation. It soon became evident that very few, if

any, suspended solids were sloughing from the nitrification
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tower and subsequently little sludge was accumulating in
the clarifier return. The minimal net solids production
of the nitrifying tower is illustrated by the information,
from six different operating periods, included in Table 9.
These data represent a variety of operating conditions

in virtually all seasons of the year.

Previous work has shown that the nitrifying oxidation reac-
tion is a relatively low solids yield process (11) - the low
net solids production across the nitrifying tower would sub-
stantiate this. It is known that during the oxidation of
carbonaceous material there is a definite increase in bio-
logical matter which ultimately purges itself from the bio-
logical reactor. 1In the case of nitrification, with very
little solids generated and virtually no carbonaceous activity,
the suspended solids quality of the tower effluent (prior to
settling) was generally no worse than that of the system influ-
ent. It is important to note that the pilot trickling filter
was operated at a constant hydraulic flow rate during each
period. Whenever the system was changed to evaluate new hy-
draulic flow rates, significant solids sloughing was observed
for 2-3 days while the biomass adjusted to the new hydraulic

shear conditions.

The visible growth on the plastic media during the nitrifi-
cation study was described as a tough, thin, grayish-brown
slime which did not apparently follow the characteristic
buildup and subsequent sloughing evident in filters operating
in carbonaceous oxidation. It is evident that this nitrifying
slime was essentially retained on the surfaces of the plastic
media tower. After the first three periods of operation

the effluent from the oxidation tower was pumped directly

to the mixed media filter without intermediate clarification.
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Period Date
I April 71
I1I May 71
v June 71
VII Aug. 71
VIII Sept. 71
X Dec. 71

TABLE 9

SUSPENDED SOLIDS RELATIONSHIPS

Flow (gpm/sq ft)

Suspended Solids {(mg/l)

Feed Recycle Tower Inf. Tower Eff. Clarifier Eff. Filter Eff.
0.5 0 21 18 12 -
1.0 0 13 13 9 -
2,0 0 22 17 - 7
1.0 0.5 24 28 - 4
0.5 1.0 20 18 - 3
0.5 1.0 15 12 - 3



The oxidation tower can achieve efficient nitrification
without a net change in the suspended solids concentration
of the waste. In cases where the existing suspended solids
quality is acceptable, a strict nitrifying tower effluent
may be discharged or sent to tertiary solids polishing
facilities without conventional clarification. This is in
contrast to suspended growth (activated sludge) biological
nitrifying systems where due to the suspended nature of the
bacterial population, a clarifier is required for efficient
manipulation of the mixed liquor suspended solids and food-
to-microorganism ratios. It has been shown that in sus-
ended growth stage nitrification, the net solids produced
across the nitrifying stage is also negligible but the

clarifier is still needed for operation of the system (11).

SOLIDS RECYCLE

During Periods VI and VII, an attempt was made to recycle

solids from the clarifier to the oxidation tower to maintain
a high solids contact system. The original thinking was
that this would be necessary for achieving the late-stage
biological growth necessary for nitrification. Since it

was found active nitrification was occurring without solids
recycle, the major emphasis was then to recycle solids

in an effort to achieve a higher level of performance.

Few solids were generated in the system so it was not possible
to maintain a consistently high solids recycle. A gradual
buildup of solids in the clarifier provided opportunity to
recycle solids for one week in Period VI. During this

time the suspended solids concentration in the tower effluent
was maintained at roughly 85 mg/l. This was a four-fold

increase over the influent suspended solids concentration.
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Nitrification was relatively poor during this period, with
an effluent concentration of 3.4 mg/l ammonia nitrogen.
The subsequent Period VII during which the solids concen-
tration was maintained at a level of approximately 30 mg/l
showed an effluent concentration in the range of 4.5 mg/1l

ammonia nitrogen.

On the basis of this limited examination of solids recycle
and the fact that the system was actively nitrifying without
solids recycle, it was concluded that solids recycle was
not needed to achieve nitrification and did not provide

any improvement in overall performance. Recycling organic
solids over the oxidation tower could actually prove
detrimental. It is possible that solubilization of organic
material could occur in the oxidation process and produce
additional ammonia nitrogen and organic oxygen demand with
detrimental effects on the final effluent quality. No
further work was done with recirculation of settled solids

during the current research program.

MIXED MEDIA FILTRATION

Many locations which will require nitrogen control might

also be required to meet very low final effluent suspended
solids standards. Therefore, the pilot plant system included
a mixed media filter to study liquid-solids separation of

the tower effluent. This would also assure complete solids
capture from the pilot plant system should it he necessary

to recirculate the suspended material to establish the
late~stage growths needed for efficient nitrification.

The mixed media filter was installed to accept flows either

directly from the oxidation tower or from the clarifier.
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The filter selected for this study was a tri-media pilot
scale downflow pressure filter. It contained filter material
of anthracite coal, silica sand, and garnet sand ranging

from 1.2 mm down to 0.2 mm and specific gravities from 1.5 to
4.5. The filter is graded such that large particles of low
density are at the top and small particles of high density
are at the bottom. The general volumetric proportions

of media were approximately 10 percent high density sand,

30 percent silica sand, and 60 percent anthracite coal.

The 20-inch diameter, 5-~foot side-shell-length filter was
equipped with fixed distribution surface wash and a lateral
pipe underdrain system. The average design flow rate was

approximately 5 gpm/sq ft cross-section area.

At the time of sizing the pilot plant equipment, nominal
operating conditions were estimated to be in the range

of 10-15 gpm. As the study progressed, it was obvious
that the operating range for the oxidation tower was something
less than 10 gpm. As a result, the mixed media filter

was operated at flows consistently below its full design
rate. Virtually all of the performance data for the mixed
media filter was obtained at flow rates of 3.0 gpm/sqg ft
or less. (For example, when the pilot oxidation’tower is
operated at 0.5 gpm/sg ft, the maximum flow to the mixed
media filter would be only 1.6 gpm/sq ft.)

In view of these limited operating conditions, it is under-
standable that, as shown in Table 10, the mixed media filter
achieved very efficient removal of suspended solids. The
efficiency of the mixed media filter for solids removal,

under a variety of conditions, is shown in Figure 11.
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TABLE 10
MIXED MEDIA FILTER OPERATING

CHARACTERISTICS
Characteristic Approximate Value
Pressure: Post-Backwash 1.0 psi
Pressure: Pre-Backwash 6.0 psi
Backwash Frequency Every 48 hours
Backwash Volume 375 gal. in 10 min
(2.5% of flow volume)
Backwash Procedure 1. 2 min surface wash |
2. 8 min surface and backwash

The pressure filter was operated on a run cycle based on
a 10~-foot head loss. At the application rates used in
this study of 3.0 gpm/sq ft or less, filter runs in
excess of 48 hours were common, even when accepting flow

directly from the nitrification tower.

Due to the physical limitations of the pilot plant equipment,
the most significant finding of the mixed media filtration
work was the fact that it was possible to accept unclarified
oxidation tower effluent without detrimental effects on

unit operation. This was largely due to the low net solids

production of the nitrifying tower.

DENITRIFICATION STUDIES

Total nitrogen removal or combined nitrification and denitri-
fication will be required in some locations. The trickling
filter nitrification system alters the nitrogen species
balance (converting NH3—N to NOB-N) but does not remove
nitrogen from the waste stream. Several processes are
available to remove the nitrate ion; these denitrification
processes include biological denitrification reactions

or various chemical-physical systems.
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The mixed media filter used for solids separation provided
a chamber essentially devoid of atmospheric oxygen. A
study was incorporated into the existing research program
to evaluate biological denitrification. Objectives of
this study were evaluation of any deleterious effects on
filter performance due to the establishment of a biological
denitrifying growth in Ehé filter chamber; determining

if there was adequate residence time within the mixed media
filter? and observing if filter backwashing would interfere
with continuous denitrification. This work spanned a 3.5
month period during the summer of 1972, and was limited

in scope. It did not investigate the effect of temperature
on the denitrification process nor evaluate dissolved oxygen
levels of the final denitrified effluent.

Previous work has established that methanol is a feasible
carbon source to sustain a biological denitrification
process (12). 1In this procéss the nitrate ion becomes a
chemical oxygen supply for the anoxic oxidation of the
carbonaceous material by facultative denitrifying bacteria.
The resultant nitrogen gas discharges to the atmosphere.

Based on work by McCarty (12), it was decided to supply

3.5 mg methanol/mg nitrate nitrogen for the reaction. The
sophisticated equipment necessary to maintain this precise
ratio was not immediately available. An average nitrate
nitrogen concentration was assumed (15 mg/l) and a constant
feed rate of 52.5 mg/l methanol was used. Since the actual
nitrate nitrogen concentration into the mixed media filter
averaged approximately 9 mg/l during this study period,

the process was operating at 65-90 percent excess theoretical
carbon.
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The methanol addition to the mixed media filter was con-
trolled incrementally to allow the system to acclimitize.
Over a period of 3 days, the methanol feed to the mixed
media filter was gradually increased from 0 to 52.5 mg/l.
After an acclimitization period of 4 weeks, a high level
of denitrification was being achieved in the mixed media
filter and continued until termination of the methanol
feed.

During May, June, and most of July 1972, the denitrification
process averaged >95 percent nitrate nitrogen removal; the
overall system operated at >85 percent total nitrogen
removal. The final effluent contained an average 1-3 mg/1l
of total nitrogen. This was comprised primarily of residual
ammonia and organic nitrogen fractions which were unaffected

by the denitrification process.

The denitrification process, as illustrated by the nitrate
nitrogen probability plot in Figure 12, was very stable.

No biochemical upsets were observed. The process did react
adversely to a brief shutdown of the methanol feed, as

is apparent in the data from Period XVIII. Recovery to

the former high level of performance, however, was rapid.

The final effluent suspended solids levels during the denitri-
fying periods were indicative of the capacity of the filter to
simultaneously denitrify and remove suspended solids from

the waste stream. The operating characteristics of the mixed
media filter, however, were significantly altered with the
establishment of denitrification. Major changes occurred

in the filter run time, backwash volume, and operating

head loss, but continuous and effective operation was

maintained throughout the study.
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Several pertinent facts about the mixed media filter operation
preceding and following the establishment of denitrification
are provided in Table 11. The frequency of backwashing
changed from 2-3 days prior to Period XV to only 24 hours.
Then it became imperative (due to high head loss) that the
filter be backwashed. Additionally, the backwash volume to
"clear" the filter was doubled. The previous procedure of a
two minute surface wash and eight minute surface wash-backwash
cycle had to be performed twice in sequence for each backwash
during denitrification. These conditions changed the backwash
volume from the previous 2 percent of total flow to 10 percent
of total flow.

The nature of the backwash changed also. In previous oper-
ations an initial short run produced very dark backwash,
followed by increasing clarity until a rather clear backwash
stream was obtained. During denitrification, no initial
"slug" was noticed. Rather, there was a brown stream (with
what appeared to be fine particles) that cleared very slowly,

even after 20 minutes of backwash.

During a period of high level denitrification, an experiment
was conducted to determine the nature of the atmosphere
within the mixed media filter chamber. Just prior to back-
washing the sewage flow was stopped. The filter was tapped
and connected to a gas sample bomb; the pressure in the
filter was sufficient to flush out the flask and collect

a one liter gas sample. The analytical results from mass
spectroscopy are presented in Table 12, and compared to

a similar analysis conducted five weeks after termination

of the denitrification process. The 6 mole percent oxygen
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TABLE 11

EFFECTS OF DENITRIFICATION ON MIXED
MEDIA FILTER OPERATING CHARACTERISTICS

Approximate Value

9%

Post-Backwash Operating Pressure
Pre-Backwash Operating Pressure
Filter Run Time

Backwash Volume

Backwash Procedure 1.

Prior to During
Denitrification Denitrification
1 psi 3 - 5 psi
5 - 6 psi 12 - 15 psi
48 - 72 hours 24 hours

375 gal./10 min
(2.5% of flow

volume)

2 min surface wash

8 min surface
backwash

750 gal. /20 min

{10% of flow
volume)

2 min surface wash

8 min surface
backwash

2 min surface wash

8 min surface
backwash



could partially be the result of air contamination. The
15 percent methane fraction strongly suggests the presence
of a methanogenic bacteria. It has been observed that

the denitrifying bacteria apparently adhere to the media
and are not flushed out during backwashing. Such may well
be the case for the methanogenic bacteria, providing the
extended residence time necessary for such organisms to

function effectively.

TABLE 12
MIXED MEDIA FILTER GAS SAMPLES

Concentration, Mole Percent

During After
Denitrification Denitrification
7/7/72 8/28/72
Carbon Monoxide - 0.36
Carbon Dioxide 0.40 1.10
Methane 15.50 0.27
Nitrogen 77.61 97.15
Oxygen 5.71 0.21
Argon 0.77 0.91

The denitrification process was terminated by eliminating
the carbon source (the methanol feed was shut off). The
operating characteristics of the mixed media filter,
however, were sluggish in their return to former values.

A residual of the biomass created by the methanol addition
probably still remained in the filter chamber. This would
contribute to the slow improvement in head loss and backwash
characteristics noted. After several weeks, the filter
returned to levels typical of its operation prior to denitri

fication.
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In view of the physical limitations of the mixed media

unit, it was not possible to make realistic quantitative
evaluations of the operating characteristics of the combined
mixed media/denitrification process. The main contribution
of the denitrification study was the clearly evident result
that biological denitrification can occur without interruption
in a mixed media filter undergoing intermittent backwash.
Backwashing does not wash out the denitrifying populations
and efficient denitrification continues in a stable fashion.
The two processes (trickling filter nitrification and mixed
media filter denitrification) were shown to be compatible

and produced the consistent, high quality effluent desired.

CARBONACEOUS LOADING
As previously indicated, the pilot plant nitrification

tower was operated as a strict nitrifying stage subsequent
to efficient carbonaceous BOD5 removal in conventional
secondary treatment. The influent feed during the contract
period was consistently below 25 mg/1 BOD5 and total organic
carbon values were below 25 mg/l. The total organic carbon
concentration of the pilot plant influent throughout the

study periods is shown in Figure 13.

It is evident that this system was operated at a very low
carbonaceous loading. Even at maximum hydraulic application
rates attained during the contract period, the carbonaceous
BOD5 loading was less than 15 1bs/1000 cu ft media/day -

From the data in Figure 13, it can be seen that very little
carbonaceous oxidation was occurring through the pilot

plant system and that the unit was operating as a strict
nitrifying stage. This was further confirmed by the

minimal suspended solids generation discussed earlier.

48



1T0C (mg/)

100
L Influent
I D Effluent
50|
[
0‘-1-1- 'S At wal s g
3-14-71 7-18-71 11-21-71

Date

TOTAL ORGANIC CARBON OCCURRENCE
FIGURE 13

Prior to termination of the pilot plant operation, some

work was done with the carbonaceous loading to the oxidation
tower. The loading was doubled by taking feed from an
intermediate point in the municipal facility which contained
BOD concentrations in the range of 40-60 mg/l. During this
operation, the pilot scale clarifier was reinserted into

the system following the trickling filter to accept the
expected increases in suspended solids from the tower.
During limited evaluations at these conditions, the high
level of nitrification (approximately 90 percent) did not
deteriorate. An increase in suspended solids coming from

the oxidation tower was evident as shown in Table 13.

TABLE 13

SUSPENDED SOLIDS CHARACTERISTICS DURING
SIMULTANEOUS CARBONACEOUS AND NITROGENOUS OXIDATION

Sample Location Suspended Solids, mg/1l
Tower Influent 28
Tower Effluent 58
Clarifier Effluent 19
Mixed Media Filter Effluent 4
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The suspended solids concentration in the unsettled tower
effluent during this period was significantly greater than
that generally noted throughout the rest of the contract. The
fact that suspended solids generation was higher (along

with limited results showing increased carbonaceous BOD
removals across the oxidation tower) suggests that simul-
taneous carbonaceous and nitrogenous oxidation was occurring.

This brief evaluation indicates that simultaneous carbona-
ceous and nitrogenous oxidation is compatible in the pilot
scale trickling filter. It is likely that at some point,
the degree of carbonaceous oxidation (due to increased
BOD5
solids generation and subsequent tower sloughing could

loading) would be such that the related suspended

create a washout of nitrifying bacteria and decreased nitri-
fication effectiveness. Even under these conditions, the
nitrification could possibly be maintained with adequate
solids clarification and recirculation. These aspects were
not clearly defined due to the limited scope of this study.

CHLORINATION OF NITRIFIED SEWAGE

During the course of the contract, there was considerable

speculation on possible relationships between ammonia
nitrogen concentration and the final chlorination process
used by many wastewater treatment facilities. The efficiency
of disinfection by chlorination is greatly diminished by

the formation of chloramines; the biocidal activity of mono-
chloramine may be 1/25 to 1/50 the activity of free chlorine
(in the form of HOCl). Monochloramine is the major product
formed in the reaction between chlorine and the ammonia

present in most conventional sewage treatment plant effluents.
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A study was designed to determine the stability, biocidal
activity, and residual fish toxicity of chlorinated nitri-
fied domestic sewage. This study included comparative
chlorination of both nitrified and non-nitrified discharges
(pilot plant influent vs. pilot plant effluent). Static
96-hour biocassays were conducted under typical sewage plant
disinfection conditions. Chlorine residuals and bacteria
counts were determined at appropriate intervals throughout
the disinfection period.

Tests were conducted by adding varying amounts of chlorine
to one liter aliquots of sewage (tower influent or effluent).
After 15 minute contact time, the chlorine residuals were
measured. Bioassays were then conducted in 1:10 dilutions
of the waste with fresh Lake Huron water. The test organism
was the common fathead minnow (Pimephales promelas).

Fish survivals were determined over a 96-hour period. Total
bacteria and/or total coliforms were plated at 5 minute
intervals over the initial 15 minute contact. Chlorine
residuals were measured at identical times, and additionally

after 24 hours.

Total available chlorine was determined by colorimetric
and ampereometric methods. Excess sodium iodide (0.2 g/25
ml) was added in both methods to determine total available
chlorine as liberated iodine. The ampereometric method
used was described in Standard Methods. The colorimetric
method is based on measurement of the tri-iodide species
at a wavelength of 352 millimicrons using a Beckman Model
DBG Spetrophotometer. The results from the two methods
correlated closely. (No iodate interference could be

observed below pH 10 using this large excess of iodide.)
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Total bacteria counts were determined by dilution in sterile
solutions of sodium hyposulfite, followed by direct plating
on nutrient agar as described in Standard Methods. Similarly,

total coliforms were determined using endo agar.

Lower fish toxicities and improved bacteriological disinfec-
tion were obtained for nitrified samples as opposed to
non-nitrified samples as shown in Tables 14, 15, and 16.

At the higher chlorine concentrations there was evidence

of breakpoint chlorination, or nearly complete oxidation

of ammonia, in the nitrified sample. Chlorine residuals
and chlorine demands were affected markedly by the concen-
tration of stable monochloramine. These results are likely
the result of the nitrified tower effluent containing lower
concentrations of ammonia nitrogen, producing a mixture of
2Cl) and free chlorine (in the form of HOC1l),

whereas the tower influent had sufficient ammonia nitrogen

chloramine (NH
to form predominantly chloramine.

The effects of chlorine residuals on fathead minnow survival
are shown in Table 14. At chlorine concentrations above

5 mg/l, partial or complete fish kill was observed for

tower influent samples. Tower effluent samples showed partial
or total fish kill at 8 mg/l chlorine and above. 1In each
case there was a direct correlation between 24-hour chlorine
residual and percent fish kill. At 25 mg/l chlorine concen-
tration (slightly beyond the breakpoint for this sample),

no fish kill was observed with the nitrified effluent. The
free chlorine residual (which is known to be highly toxic

to fish) was apparently too short-lived to produce fish
kills in these 48-hour static tests.
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TABLE 14
EFFECT OF CHLORINE RESIDUALS ON FATHEAD MINNOW SURVIVALS

Tower Influent (mg/l) Tower Effluent (mg/l)

Chlorine § Fish % Fish
Concentration Initial 24 Hour Survival Initial 24 Hour Survival
{mg/1) Residual Residual {48 Hour) Residual Residual (48 Hour)

4 0.28 0.02 70 0.2 0.03 100

5 0.33 0 100 0.1 0 100

6 0.40 0.04 60 - - -

8 0.74 0.13 10 0.47 0.10 70

10 . 0.72 0.18 0 0.38 0 50

15 1.1 0.31 0 1.0 0.23 0

(Breakpoint)

25 - - - 0.4¢ 0.08 100
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TABLE 15
EFFECT OF CHLORINE CONCENTRATIONS AND RESIDUALS ON TOTAL BACTERIA

Tower Influent Tower Effluent
Chlorine
Chlorine Residual Percent Kill Residual Percent Kill
Concentration 15 Min [} 10 15 15 Min 5 10 15

(mg/1) (mg/1) Mins Mins Mins (mg/1) Mins Mins Mins

0 - 7.5 x 10° Bacteria/ml - 1.0 x 10° Bacteria/ml
4 2.4 98.0 . 99.3 99.7 2.0 >99.9 >99.9 299.9
6 3.6 98.0 >99.9 99.9 - - - - -
8 5.4 98.0 »>99.9 >99.9 4.4 >99.9 >99.9 >99.9
15 - - - - 10.0 >99.9 >99.9 299.9

25 - - - - 4.6 >99.9 >99.9 >99.9
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TABLE 16

EFFECT OF CHLORINE CONCENTRATIONS AND RESIDUALS ON TOTAL BACTERIA

Tower Influent

Tower Effluent.

Chlorine
Chlorine Residual
Concentration 15 Min
{(mg/1) (mg/1)
0 -
5 3.3
10 7.2
15 10.8
25 -

Percent Kill Residual

5 10 15 15 Min
Mins Mins Mins (mg/1)
4.5 x 106 Bacteria/ml -
99,0 99.5 »99.,9 1.4
>99.9 >99.9 >99.9 3.8
»99.69 >99.,9 >99.9 1.8

11.3

Percent Kill

5 10 15
7.5 x 104 Bécteria/ml
>9%.9 >99.9 >99.9
>99.9 >99.9 >99.9
>99.9 299.9 >99.9
>99.9 >99.9 >99.9



The initial results of disinfecting non-nitrified tower
influent and nitrified tower effluent are summarized in
Tables 15 and 16, respectively. Prior to disinfection,
nitrified tower effluent showed both lower total bacteria
and lower total coliform counts than tower influent by
nearly an order of magnitude. As shown in Table 16, 4 mg/1
chlorine was more effective in reducing total bacteria
counts in nitrified tower effluent than in tower influent.
At 5 mg/l chlorine, total coliform counts were also more
efficiently reduced in nitrified tower effluent, as shown

in Table 16.

The data presented here are rather limited in scope; no
attempt was made to draw further quantitative predictions

from this work.

OPERATING STABILITY

Biological nitrification in suspended growth (activated

sludge) systems has been characterized by highly unstable
performance. Considerable work has been done in evaluating

the numerous interferences which have a dramatic effect on
nitrifying systems (13). Virtually all dynamic conditions
which influence operation of conventional carbonaceous
oxidation systems have even more pronounced effects on
nitrifying systems. This is one of the reasons why efficiently
operated conventional plants still do not achieve any stable
degree of nitrification.

Throughout the 18 months of pilot plant operation, the
trickling filter nitrification tower proved to be a highly
stable process. There were no noticeable biochemical upsets
encountered in the study. All of the variations in nitri-

fying efficiency were related to_ehysically induced operational
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modifications and efficiency variations due to temperature
changes. O©On at least two occasions during the contract
period, there were flow interruptions to the oxidation

tower which caused additional physical upsets to the
nitrifying system. One of these disruptions in early July
1971 lasted three days. The oxidation media was without
hydraulic application and consequently experienced severe
drying conditions. Contrary to the initial startup problems,
the pilot plant system returned to efficient nitrification
levels within a matter of days subsequent to the resumption
of flow. Another feed malfunction in early January 1972
necessitated the operation of the tower on complete recycle
for several days. One week after resumption of the influent

feed the tower was again achieving 90 percent nitrification.

The data show that the overall performance of the oxidation
tower nitrifying system is extremely stable when operating
at optimum conditions. Even when the pilot tower is being
operated at conditions other than optimum (see Figure 14),
the system continued to nitrify in a stable manner albeit
at a lower level. This is in contrast to other conventiocnal
biological nitrification systems (activated sludge) where

a minor disruption in operation can create a dramatic loss
of nitrifying capability until the correct controlling

parameters are adjusted.

DESIGN GUIDELINES

Based on 18 months of continuous pilot plant operation under

a wide variety of operating conditions, it is possible
to establish nitrification design guidelines for plastic
media trickling filters. The key design consideration

which provides a practical basis for sizing full-scale

57



Mean  Deviation

& Tower Influent 12,3 4.3
© Tower Effluent 3.0 1.3
L] ffluent 2.3 1.2
200 Filter Effluen
a
l NHa—N (mg/l} '
16.0p=
3
10.0 =
50—
*
[ [
0 Il : [ i 1 1 [ T R N | | i
0.01 0.1 1 2 5 10 20 3040 5060 70 80 80 95

Cumulative Percant Of Occurrence

NITRIFICATION STABILITY AT 76% CONVERSION
(MEAN)

' FIGURE 14

58



installations is the influent waste hydraulic application
rate. Once the influent application rate has been estab-
lished, a total media volume can be determined directly

from the volume of flow to be treated for nitrification,
assuming a set of conditions for other controlling factors
such as waste temperature, tower depth, degree of treatment
required, degree of prior carbonaceous removal, and absence

of inhibiting toxic components. A summary of design consider-
ations is shown in Table 17 for a combination of the actual
operating conditions experienced in this research program.

These considerations are also provided in Figure 15.

It has been established that scale-up to full-scale facilities
is realistic and valid (14). This is based on considerable
prior exXperience involving the utilization of this plastic
media in similar pilot plant installations operated for
carbonaceous BOD removal. Full-scale installations generally
will perform as well as or better than controlled pilot plant

investigations.

ECONOMICS

The cost of a full-scale plastic media oxidation tower is
directly related to the volume (in cubic feet) of plastic
media. Installations are generally based on an installed
price per unit volume of fabricated media. Although the
unit price for plastic media varies, a reasonable estimation
on the order of $2.00/cu ft delivered and installed. Repre-
sentative costs for plastic media at various media volumes

are shown in Figure 16.

In 1967, a study was made of the construction cost for
towers utilizing SURFPAC® biological oxidation media. This
was accomplished by taking various sized units from 6000

to 700,000 cu ft of media and selecting typical supporting
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TABLE 17
DESIGN GUIDELINES

Basis:
A. Waste stream contains no significant nitrification
inhibitors.
B. Influent NH3-N concentration <25 mg/1.
C. Carbonaceous loading <15 lbs BOD5/1000 cu ft media/day
D. Media depth = 21.5 feet
E. Relatively constant total hydraulic flow.
F. Influent Feed Rate Nitrification Performance
(gpm/sq ft) (%)
0.5 90
0.75 85
1.0 80
1.5 75
G. These values are valid for wastewater temperatures
>60°F. Figure 15 illustrates the effect of wastewater
temperature on these guidelines.
H. Media: 27 sq ft/cu ft

94% void volume
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and containing structures that would be required. Estimates
were made of the quantities of construction materials,
mechanical equipment, excavation, etc. Construction costs
were applied to derive total costs for the structures.

Major equipment costs were obtained from manufacturers.

The cost curve shown in Figure 17 was prepared from this
information for a tower with a media depth of 21.5 feet.

It is indicative of the estimated costs for structural and
mechanical equipment required for variable volumes of media

exclusive of the media cost itself.
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This general graph for structural and mechanical equipment
was assumed to be in earth, and no allowance was included

for rock excavation. No allowance was made for unusually
wet excavation conditions where dewatering would be required.
If piling must be used or special foundation conditions
exist, the additional cost must be added to the figure

obtained from the cost curve.

The wall structure utilized for these estimates was based

on a fiberglass corrugated panel and steel framework. The
media support system was based on aluminum grating. The
cost of the center column and appropriate rotary distributor
is included but no allowance was made for a pumping station.
The estimate includes contractors overhead and profit but
does not iﬁclude any engineering and legal fees.

A cost estimate obtained from this curve must be updated
using one of the generally accepted cost indices. These
costs were based on construction costs in the Kansas City,
Missouri, area in March 1968. Experience has shown that
updating of these costs can be accomplished by utilizing

the Engineering News Record construction cost index published
weekly and at mid-month by Engineering News Record. The ENR
index for March 1968, at Kansas City, Missouri, was 1064.
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Group 1 - Period I -~ Days 4/13/71 - 4/30/71

TCHER FLOW
RECYCLE
RATIO
FILTER FLCH

0.50 GAL/MIN/FT2
0.CO GAL/MIN/FTZ
0.C0

3.50 GAL/MIN

CTHER ANALYSES

- e -
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TI TE CE FE T1 TE CE FE 71 TE CE FE TI TE Fi

103 25. 7. 8. e 35, 28, wkhk etk wpdgx SekX wEs® dek& 49, 465, WHBR
104 17. 14, 11, 2282 24, 17 18, *&&% deux shbh d2dd kkd% 50, 4b6. ¥k
105 9. 6. 4, %%9% 23, 17. 16, ®hk%x hbdd Hhdh ks ddks 5], 49, sos%
106 17. 11. 12, ##28 22, 22, 13, *#x%% kasd shd¥ dkdd wk2xg 5], 48, Srke
110 EHOS BFSE PEse B 3T, 24, 22, wAky thgk fEkE k¥ AkkF 52, 50, kA&®
111 30. 29. 15. %€8% 27, 22, 19, w&s¥ xxsh bk wxkk xkkk §1, 4T, k%
112 24, ®Thke AEFE 6863 25, (8. 1T. wkkk kdkdk dkdk Fxsk skkx §), 47, k%
113 22. 6o 5, #¢%% 33, ke 16, &k Hkkk whgk khkx k% S5}, 46, ik
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120 $392  10. g, e93% 2Ass  I0, 24, 2Ee® kA& Kkhk kkkk ¥hk%kd 5], 49, &k#«k
cen 16a 11 Q. %#08% 28, 23. 10, %%4% Hatsd kihkk sk S 5|, 48, *kkk

SS = SUSPENCED SOLIOS

Y0C = TOTAL ORGANIC CARBON

SocC = SOLUBLE ORGANIC CARBQON

TEMP = TEMPERATURE

71 = TOWER INFLUENT

TE = TCWER EFFLUENT

CE = CLARJFIER EFFLUENT

FI = FILTER [NFLUENT

FE = FILTER EFFLUENT

cos = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY INDICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

see = MI{SSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY = CALENCAR DAY (JANUARY 1, 1971 = DAY 1)}
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Group 2 - Period II - Days 5/4/71 - 5/14/71

TOWER FLOW = 0.50 GAL/MIN/FT2
RECYCLE = 1.00 GAL/MIN/FT2
RATIOC = 2.00

FILTER FLCKW 3.50 GAL/MIN

OTHER ANALYSES

- -

0% S | SSs MG/L X TOC, MG/L X SOCe MG/t | X TEMP, F )
T! TE CE FE TI TE CE FE 71 TE CE FE 71! TE Fl

124 18, 5. 8., w2 31, 24, 28, ekt ek Kkke Gkks 26%E 5§33, 49, S%k#
125 19. 9 6. 8% 35, 23, 26, EFAE EEAX AKE% k%R A%%Fx §3,  §0, ek
126 4, 5a 5. #2892 486, 3T7. 3l. %% ¥ k& g4 5¢k ¥k 54, 51, 2&*%
127 15. Se 3, s 29, 265, 24, wkth dht% khk® kikh whkE 54, 52, kekd
131 il. 1. L, *5%% SEkF KEuk KXEX RexR KASE hkhk Frkk XUk 55, 54, wxEk
132 7. 7. 6o vo%% Sl, 33, 3T, %tdkx G¥xedk kkkk kikdk xxx 5§55, 5§, Hekxk
133 5. 4. 2. *ERSE 44, 38, 39, &%s® kkd& khak Fakk wkkk 54, 49, ¥k
134 21l 14. 30. #23% 48, 28. 32, *%%% kkix ks &kdk By 55, §], Hxk¥
.oa 12. 6 B. 822 4], 30, 31, **x%% skt k% Skt Ktk 54, 51, skkk

SS = SUSPENCED SOLIODS

T0C = TCTAL ODRGANIC CARBON

SocC = SOLUBLE ORGANIC CARBON

TEMP = TEMPERATURE

Ti = TOWER INFLUENT

TE = TOWER EFFLUENT

CE = CLARIFJER EFFLUENT

Fl = FILTER INFLUENT

FE = FILTER EFFLUENT

PR = MEAN VALUES FOR NITROGEN ANALYSES ANO OTHER ANALYSES
DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY [NODICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

a0 = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY = CALENDAR DAY (JANUARY 1, 1971 = DAY 1)
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Group 2 - Period II - Days 5/4/71 - 5/14/71

TCWER FLOW = 0.50 GAL/MIN/FY2
RECYCLE = 1.00 GAL/MIN/FT2
RATIO = 2.00

FILTER FLCW 3.50 GAL/MIN

ITTRCGEN ANALYSES

1AY  ( NH3-N, MG/L ] | ORG-N, MG/L 3 NO3=N, MG/L M NO2-N, MG/L " TOT-Ny, MG/L }

T1 TE CE FE Tl TE CE FE 11 TE CE FE TI TE CE FE TI TE CE FE

.26 13.6 1.4 1.2 #*0% 1.6 2.4 1.2 *23% 1,6 10,7 10.7 ***¢ (.1 0.3 0.3 #3345 16.9 14.8 13.4 ***s
.25 11al 1.2 1.2 ##22 0.5 1.9 1.9 #%8% 0.3 10.8 10.7 #**%¢ 0.1 0.2 0.3 *#%% 12,0 l4.1 14.1 ***=%
.26 10.6 1.9 1.6 **3¢ 1,1 0.6 1.8 *#*2 0.2 10.7 10.7 #**¢ 0.1 ©O0.1 0.1 ***% 12,0 13.3 14.2 ****
.27 S.8 0.4 0.3 #9832 4.5 1.6 1.0 *2*% 1.9 11.7 11.7 *x2x 0.3 0.1 O.1 #*3% 12.5 13.8 13.1 *#+%
.31 1lel 0.3 0.2 #3¢2 1.3 1.5 1.4 #*%¢ 0.5 11.6 11.6 ***x Q.1 0.2 0.2 **** 13.0 13.6 13.4 *%%*
.32 12.2 0.4 0.2 #*22¢ (0.6 0.9 1.1 **#% 0.3 10.9 10.9 **%% 0.1 0.1 0.1 *#%* 13,2 12.3 12.3 ***=¢
.33 13.8 4.9 4.8 #2242 1.4 1.1 1.0 *s%% Q0.4 9.0 8.7 #+%x% 0.1 0.1 0.1 2%#% 15.7 151 14.6 ¥*&%
.34 12.6 0.6 0.6 *3%% 1.4 1.9 1.9 ***% (0.6 10.8 10.7 **%% 0.1 0.2 0.3 #%%% 14,3 13.5 13.5 ****x
ree 113 1.3 1.2 #*se2 1.5 1.4 1.4 **x%% 0.7 10.7 10.7 #*%%% Q.1 0.1 0.1 #**& 13,7 13.8 13.5 ***=%

NH3-N = AMMONIA NITROGEN

ORG-N = ORGANIC NITROGEN

NO3-N = NITRATE NITROGEN

NQ2~-N = NITRITE NITROGEN

TOT-N = TOTAL NITRGGEN

T = TOWER [NFLUENT

TE = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

i = FILTER IMFLUENT

FE = FILTER EFFLUENT

MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES

DETERMINED FPOM PROBABILITY PLOTS. MEAN VALUES FCR EFFLUENT

QUALITY INDICATYORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

e = MISSING, UNCEFINED. AND/OR UNRELIABLE DATA

DAY - = CALENCAR DAY (JANUARY 1, 1971 = DAY 1}
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Group 5 - Period III - Days 5/18/71 - 6/11/71

TOWER FLOW = 1.00 GAL/MIN/FT2

RECYCLE = 0.00 GAL/MIN/FT2

RATIC a 0.00

FILTER FLOW = S.00 GAL/HMIN
CTHER ANALYSES
DAY SSe MG/L 3 TOC, MG/L i SCCe MG/L N TEMP, F )

TI TE CE FE T1 TE CE FE 11! TE CEg FE 11 TE F1

i38 30. 8. 2. s8¢ 32, extd 34, ¥eks SkE¢ ok hReds €% 589, 55, H¥ee
139 20. 40. 1S5. **»» 16, 9, 13, #%%r X2 ¥k %P wRFH 69, 57, wk¥k%
140 10. 7. 18, te»s 14, 13. 13, 208 X% Spkd Fexd w2 57, S54, BE%%
141 1S. 20. 14, #es¢ 19, (6., 17. S%%s xdtk ik 2db Réks 55, 52 #xx%k
145 8. Se 5, #%3% 19, 20, 16. *H%® vxks Rkkk Rdd%k *%k¥%k 55, 5§ wkks
1468 11. 6. b, *%d9 23, 17 17. *3%%k %2k Sekx K&k *dk 54, §], &¥%d
167 7. Te 11. *9%% s34 18, 16, #¢%% dsks k&% x%% ko 54, 5], #k¥sk
153 12. 9. 10, ##2% 21, 18c 16c #84% R&kd #5tk kEdd A2k KXAk) Shkk KAXK
154 10, 7. B. %% 33, 14 14, *82% hdk kkog k2kk dhkk 6§, 654, ®kkxk
155 T, 24. 10, #23%x 18, 15. 17. *454 %ks& Bask w*dk sd&d 67, 55, dkexk
159 35, 38. 16. *%ss 13, S5¢ 18, ®#%%% Sktx hddk ked& kxxk 58, 6, k&
160 3. 1o %28 s0g% 32, 12, 20, ¢3¢ kxss Sk k%% *ktdk §9, 5T, ssuk
161 4a 2. 1. #2%8 29, 24, 23, ®¢*% #%is kékk xxkx Adk% K8, 65, »f&%
162 3. 2. 3, #2833, 27. 29, tH¢d &6Fk fkEk £EFD SkdE 585, 55, wks%
sea 12. 13. Q, *%3xs 23, 16 19, *%%5 *kkd X2k £42d 248% 59, 57, =xd3sk

$S = SUSPENCED SOLIDS

TOC = TCTAL ORGANIC CARBON

sGC = SCLUBLE ORGANIC CARBON

TEMP = TEMPERATURE

T1 = TOWER INFLUENT

1€ = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

FI = FILTER INFLUENT

FE = FILTER EFFLUENT

MEAN VALUES FOR NITROGEN ANALYSES AND OVHER ANALYSES

OETERMINEN FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT

QUALITY INDICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

seq = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY = CALENCAR DAY (JANUARY 1, 1971 = DAY 1}



LL

TCWER FLOW
RECYCLE
RATIC
FILTER FLCW

Group 5 - Period III - Days

1.00 GAL/MIN/FT2
0.00 GAL/MIN/FT2
0.00

5.00 GAL/MIN

NITRCCEN ANALYSES

138
139
140
141
145
146
147
153
154
155
159
160
161
162

2 @0

10.9

8.5
11.6
13.2

8.3
13.0
12.1
13.8
13.0
12.0
i3.1
13.2
13.5
12.1
11.1

NHI=N
ORG=N
NO3=N
NO2~N
YOT=N

TE
CE

FE

(LA
DAY

% N H B H N H WKW

-N, MG/L K] ORG-N, MG/L "
TE CE FE Ti TE CE FE
1.2 1.9 #%22 2.9 1,1 0.4 *e%e
1.3 1.8 #*2* 3.1 0.7 0.5 ***%
1.3 1,2 #2208 0.7 1.2 1.0 *#e2
0.8 1.2 #%3% 2.0 1.0 1.3 %&x%
2.0 1.1 ®#»+ 1,0 1.0 1.2 so*x%
1.9 2,0 ***2¢ 1.5 1.1 1.3 $a¢x
2.0 2.3 2r2x 1,9 1.3 0.5 %ktx
2.0 1.9 #¢s3 2.4 1,1 1.4 *tx
1.8 1.8 #o¢2 1.6 1.2 0.5 **x¢s
0.9 1.2 ##*2 0.7 1.3 0.8 #+%¢
1.2 1.2 2#4% 0,1 1.0 1.4 ##%*xk
2.0 2.0 #*sx 1,2 1.3 1.4 ##3x%
2.0 1.9 s26x 1.6 1.6 1.1 #%3%
3.1 3,2 2#¢x 0.1 1.4 L.l sk
2.3 2.3 #s83 1.0 1.2 1.% #six

AMMONTA NITROGEN
ORGANIC NITROGEN
NITRATE NITROGEN
NITRITE NITROGEN
TCTAL NITRCGEN
TCHER INFLUENT
TCWER EFFLUENT
CLARIFIER EFFLUENT
FILTER INFLUENT
FILTER EFFLUENT

NO3=Ns MG/L
TI TE CE
6.2 9.3 9.0
0.l 9.4 9.3
0.2 9.3 9.3
6.2 9.2 10.0
0.6 9.6 9.3
0.6 9.6 9.3
0.3 9.4 9.4
0.6 10.8 10.3
2.0 11.5 11.5
1.1 12,9 13.2
1.2 13.4 12.8
0.9 10.3 8.7
0.4 9.8 9.4
0.9 10.5 9.8
1.9 10.2 10.3

M
FE

YT
“xke
kA%
Rk
Y
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T3
akE
&
takk
sakh
T
EEkE
VTS
kEe

MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINEC FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT

QUALITY INDICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM

MEAN ANALYSES.

MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

CALENCAR DAY (JANUARY 1.

1971 = DAY 1}

NO2-=N,

TI TE
0.1 0.5
0.1 0.6
0.1 0.7
0.1 0.8
0.1 0.6
0.1 0.6
0.1 0.6
0.1 0.7
0.1 0.5
0.2 0.3
0.2 0.4
0.1 0.6
0.1 0.7
0.1 0.5
0.1 0.6

-MG/L
CE
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MODNPOANNCENDOND2O

5/18/71 - 6/11/71
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TOT=N,

TI

14.1
11.8
1206
15.5
10.0
15.2
14.4
16.9
16.7
14.0
14.6
15.4
15.6
14.1
13.1

TE

12.1
12.0
12.5
11.8
13.2
13.2
13.3
14.6
15.0
15.4
16.0
14.2
i4.1
15.5
14.3

MG/L
CE

12.3
12.4
12.2
13.5
12.4
13.3
12.8
14.3
14.3
15.8
15.8
13.8
13.8
15.1
15.2
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Group 8 - Period IV - Days 6/15/71 - 6/30/71

TCHER FLOW = 2.C0 GAL/MIN/FT2
RECYCLE = 0.CO0 GAL/MIN/FT2
RATIC = 0.00

FILTER FLCW 5.00 GAL/MIN

CTHER ANALYSES

DAY ¢ 55, MG/L " TOC, MG/L 3 SOC, MG/L M TEMP, F }

TI TE CE FE Tl TE CE FE T1 TE CE FE 11 TE F1
166 11, 2., shes 1. 39. 31, #8283 26, S92% s%o% S¢kd pse 60, 58, s#%g
167 11. 9. s49s 3, o%%2 17, ®s%s  ]T, &s% ek wxkEE wkk¥ 6], 58, %%
168 8. 9, ##ss 4, 27. 18, %25k 19, &tk Rtk SARK kekX HE% BEFR gk
169 B8 4], 34 serx 29, 23, #2xk 19, AeEd dekk k¥ 5k Hl., 59, wEew
173 Te 34, stts 3. 45, 35. sses 36, ke fkrd &ekR wxke S, 59, wwes

174 V0% S8 H806 HOBE 28, 20. kx&dx 2], kP ek A% k&K 62, 59, ¥R
175 Beer S054 Bass DA% 52, 34, sRe& J], wEEE Shak FEAE mEkE H2, L0, F¥AR

176 15. 17, ¢t % 7. 36 27. vhEk 24, wEhk Ak ddkkd KHaX  £2, 60, ®Thuk
180 11 2. 39%3 B. S51. 30. ®%%& 3], wksk kxex 4%k k%d& £S5, 3, F¥h&R
181 2. 3, *3e3 1o 43, 38, *&&x 1, w&ddx $addk sk 2k (4, (2, #%k%
ces 22. 17, *s%s 4e 39, 27. %Eid 24, k0% dhik kb kkdx 62, 60, Rk
ssS = SUSPENCED SOLIDS
T0C = TCTAL ORGANIC CARBON
soC = SCLUBLE ORGANIC CARBON
TEMP = TEMPERATURE
Ti = TCWER [NFLUENT
TE = TCHWER EFFLUENT
CE = CLARIFIER EFFLUENT
F1 = FILTER INFLUENT
FE = FILTER EFFLUENT
cee = MEAN VALUES FOR NITROGEN ANALYSES AND OYHER ANALYSES
DETERMIMNED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY IRCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROWM
MEAN ANALYSES.
e e = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY CALENCAR DAY (JANUARY 1, 1971 = DAY 1)
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Group 8 - Period IV - Days 6/15/71 - 6/30/71

TOWER FLOW = 2.00 GAL/MIN/FT2
RECYCLE = 0.00 GAL/MIN/FT2
RATIO = 0.C0O

FILTER FLCW =

5.00 GAL/MIN
NITRCGEN ANALYSES

Cay NH3=N, MG/L H ORG~N. MG/L X NO3-=Ny MG/L | X NO2~-Ne MG/L X TOT-N, MG/L )
Ti TE CE FE T1 TE CE FE T1 TE CE FE TI TE CE FE TI TE CE FE

166 12.8 6.1 8888 6.0 2.4 1.3 %% 1,2 0.2 7.1 #%%k 6.2 0.2 0.6 s**% 0.9 15.6 15.1 **%* 14.3
167 13.4 5.1 #93¢ 4.6 0.2 1.3 #%¢x 1,2 0.3 7,3 ##xx 7,0 0,2 0.7 ##s%x 1,1 14.1 14.4 *%%* 13.9
168 13.9 6.7 #9222 g1 1.6 0.4 ssde (0,1 0.2 T4 #%sd 7,6 0.2 0.7 $#%% 1.0 15.9 15.2 **%% 14,7
169 13.2 5.5 ##3% S.3 0.8 1.1 #*%x%* Q0,1 0.l B.4 **%%%x 7,8 0.2 0.6 *xx 1,0 14.3 15.6 #%%% 14,1
173 14.5 5.2 s43% 5.3 0.9 3.7 *sxx 1.3 1.5 9.8 #3%%x 9,4 0.3 0.7 **¢%% 0.6 17.2 19.4 ***% 16,6
174 1301 3.5 s2%s 4.1 1.6 3.9 #xxx 1.6 1.7 10.3 *%2% 10.1 0.3 0.7 #*%%% 0.9 16.7 18.4 **#%% 16.7
175 13,4 4.9 #sse¢ 4.4 1,5 2.5 ®*x%x%x 1.5 1.6 9.4 *%x% 10.3 0.2 0.6 *#%%x 0.7 16.7 17.4 *%%% ]16.9
176 13,4 4.2 #»#% 4,5 1,2 2.C *%*x 0.9 1.6 10.4 **2% 10,2 0.2 0.6 **35% 0,8 16.4 17.2 *x¢% 16.4
180 107 5.5 #s#%x 4,7 1.67 2.4 *s%x 1,5 1.5 8,8 *x%x 8.9 0.5 0.2 **%%x 0.6 14.4 17.9 #**%%x 15,7
181 12.7 3.0 #*#%¢ 2,7 1.5 1.7 *#%% 1,9 3,1 10.3 *%%*x 9,1 0.3 0.7 *¥*%x 1.1 17.6 15.7 *%+% 14,8
o 13.1 4.9 ses% 4,7 1.3 2.0 #*=*=*x+ 1,3 1.1 8.9 #%%x 8,6 0.2 0.6 *%¥*%x (0,8 15.7 16.5 *%%x% 15,4

KH3-N = AMMONIA NITROGEN

CRG~N = CRGANIC NITROGEN

NO3~N = NITRATE NITROGEN

NO2=N = NITRITE NITROGEN

TOT-N = TCTAL NITROCEN

TI = TCWER [INFLUENT

TE = TOWER EFFLUENT

CE = CLARIFIER EFFLUENT

FI = FILTER [INFLUENT

FE = FILTER EFFLUENT

see = MEAN VALUES FOR NITROGEN ANALYSES ANO OTHER ANALYSES

DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT

CUALITY INDICATORS AND SYSTEM RERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

MISSING, UNLEFINED, AND/OR UNRELIABLE DATA

CALENCAR CAY (JANUARY 1, 1971 = DAY 1)

e
DAY

[
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Group 5 - Period V - Days 7/15/71 - 8/6/71

1.00 GAL/MIN/FT2
000 SAL/MIN/FT2
C.N0

5.CL GAL/MIN

TCWwE?2 FLOW
QReECyYrL:
2ATID
FILTZ® FLld

nHowu

CTHER a*ALYSES

R L L ey

CAY ( SSe ~C/L X T0C, MG/L L X SACy MG/L ) TEFP, F }
Tt TFE CE FE Tl TE CE FE 1! TE CE FE T1 TE FI

196 Te 4l. #32» 4y 30, 20, k%% 20, *%kx &thk Xxkd kX% (8, 60, FEEX
197 1C. 28, #*#9» 3. 30. 24, ®tk® 20, %&kx RRdk hkkE Kkxk LT, 60, *kxd
202 1. 1, 3% 2. 23. 1R, #mkx 21, ®%¢x &kke Frde x¥d%k 66, 62, HEuR
203 1. 3, %8 e 22. 20, %™ 20, %%kkk kukk ¥e¥x 2k LT, 62, *FkxxX
208 & 1. $8%% s&te 1}, 11, #*x%d *tdx dkdk &k *kdkk 2%k £33, 62, Fxkk
() 7. S, s4ss w8z 13, To sdbf hdtx hbpk Akkd ke ks 64, O6l, *2t%
210 2. 6, #e0d tesd 11, 11, S&k& kedk Shhk Ridx Xkdex HhXk §5, Gl, *ex*
211 4, 26, th%e okt 8. 10, *&ktk Kbkhk shhdkk wexk hkbh Xhk&k g4, 60. BHAx%
2158 22. 24, SH%8 B 14,0 e, wkkE fdwk R&kk wedk Kxddk khkk 57, 61, kEEx%
216 9, 16, #¢88 2xtw |7, ®exd kEik hbbdk kbhhk fhkdkk 2k *xdk 66, 60, *s%xk
217 22. Y4, *eva 0% |7, 2C. K¥&kk hdks kkkk kkkk ddkx xkkx 67, b1, ek
218 13, 22, #4%% $%%% 20, 23, watk Lhik hhhk A0k fkkk *xk%x H7, 62, Rk
esa 10. 14, wt%s 7¢ 2N. 20, %%k 20, %xkk tksd kXxk Fe%kk L8, 63, TEEX

SS = SHSPENCEDR SCLIDS

Tne = [CTAL (GANIC CAZRON

S2C = SCLUPLE ANGAIIC CARRBUON

TEMD = TCMPERATYRF

Tl = Tra20 INFLUEST

Te = INWER EFFLUET

< = CLARIFITH EFFFLUSNT

Fl = FILTER I9FLUIT

Fc = FILTZR EFFLU-IT

co e = MIAN VALUEZS FOR NITROGEM ANALYSES AND DOTHER ANALYSES

NETERMINSN FrOM PROBASILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALITY M UTLATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
VEAN ANALYSHES,

e = MI5SINC, 1 VMLEFINEND, AND/OR UNRELTIARLE DATA

CAY = (ALEMCAR LAY (JANMUARY 1, 1971 = DAY 1)
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NITRCCTN

TTAE2 FLLw
“zCyLs
AT "

FILTZ2 FLOW

"wowonoH

PNALYSES

- - —————— -

196
197
202
203
208
207
210
211
215
216
217
218

13.6
12.4
12.2
13,1
13.3
11.»
13.4
12.0
1245
14.9
13.¢
13.7
15.0

NH =t
CR5-1
AND3=0
NC2 -4
TOT ="

Ti

-

ce
Fl
FE

vee
cay

]
>TOXrC NS

e e

™ .
N o= B o N NS N e

[SARE RS 3

[ O (T T T T I T AT A 1}

MEAN
MISSING,
CALENRCAR

LAV
ce

sayn
580
rene
s RN
stas
XY 2 ]
TS L
YT
teo®
232
sed s
IXT Y
s280

AMBOR LA
v RGA\‘C
ITTRATE
WITRITE
TRTAL
T! AR

FILTF2

FILTZR

MEAN VERLI'CS
WETERMINEL

R

Group 5 - Period V - Days 7/15/71 - 8/6/71

GAL/MIN/ZET2
GAL/MIN/FT2

SAL/MIN

NRG=N,y

11

e s o & o s s s & s 8 &
AN SO LN WN

O e e v e e O NC e N A -

NTUwle e
BITRIGEN
rIrPNogEYN
MITRLGEN
N1rproey

INFLY T

TCwER EFFLUFNLT

CLARIFIER CFFLUENT
IrLuT
cffFLucT

s o o o e & @

.

™.
PR e B NN T W UN W

E s
O U W B e PO e B e NP

« 0

MG/L
CE

"R
P Ty
FELY
A EE
3T
cARW
nERK
A
YL
AR
PR Ty
T TIT
FE3 T

AND/OR UNRELIABLE DATA
1971 = DAY 1)

e« s o o -4
—

e & & & & @

et s N e (Dt e s e e (DO
OEXCT OV &P ONMNF W~

MG /L
CE

%
ok ok
YT
ook
'TTIL
Ak
% % A %X
ETEE
ST
ook
AR kK
S
Aok A

NITROGEN ANALYSES AND OTHER ANALYSES
Fledm PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT .
SUALTTY 100 108TORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
ANALYSETS.
UNLLFTINSD
(JANUARY 1,
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Group 7 - Period VI - Days 8/10/71 -~ 8/17/71

1.5C SAL/MIN/FT2
U.S? GAL/KIN/FTY2
[ N

5.60C GAL/MIN

TYIER ® LW
R=CYLL:
par”
FILTSD FLfw

wonouon

CTHZ ANALYSES

oay ¢ SCy MC/L 3 TQoC, MG/L 1 X SQC, MG/L 3t TEMP, F ]
T TE CE e T TE CE FE T1 TE CE FE TI TE Fi
222 e, 132, 18, %8s 2S5, 22, 22. wRk% *¥Ekx kk&k Ktk kK 48, 63, ek
223 11. 117. 14, ®ssx 20, 14. 10, ®%%k 28k skifs k¥ wkkx 6T, 61, 25%x%
224 12, 93, 2. tot% 35, 20, 29. ¥H2x& k& KkEx t2ke Ckkyx LT, 62, wXk%
225 15. 35, B, t%e3 P4, 2C. 13, %%k *dkk Fhdk kg d kg 6Te 62. *%%x
229 #0te Ctos ed9s vvew 30, 22, 22, FREE Luke KEkkk %% khkk 69, H4, kR
.o 21. o4, 10, %t 27, 20. 20. B%4e sukg kAhg K¥gdk HkhE L8, 672, FR2EK
SS = SUSPENCEL SUL IS
ToC = 1CTAL rRUATIC CAINUY
SCC = SCLYELE (&CA~TC CARBON
TcvP = TFAPERATLRE
T1 = TCuzR INFLUZT
1e = TNJER FFFLUIT :Y
(3 = (LARIFIFR FFRELUENT
Fl = FILYER [wFLur r
FE = FILTZR EFFLU~NT
cea = MEAY VALUZS FuR IITROCEN ANALYSES AND OTHER ANALYSES
LETERMINFL FROM PRUBARILITY PLOTS. MEAN VALUES FOR EFFLUENT
UHALITY [~1CATNRS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANBALYSES. N
sen PISSING, MucFINED, ANU/OR UNRCUIABLE DATA

non

DAY CALENCAR f2Y (JANUARY 1, 1971 = DAY 1)



€8

Group 7 - Period VI
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“EAN VALUES FOR NITROGZIN ANALYSES AND OTHER ANALYSES

MEAN VALUES FOR EFFLUENT
CUALLITY [~ ICATCRS ANC SYSTEM PERFORMANCF INDICATORS CALCULATED FROM

T2WE= FLly = 1.50 GAL/MIN/FY2

RZCYLLF = C.57 GAL/MIN/FT2

24T = .17

FILTC? FLOA = 5.%00 GAL/MIN
NITRESEN A AL vYSces
cay ( ey, MO/L X IRG-Ne MG/L

Tl Tc CE FE Tl TE CE

222 15.0 3.8 3,6 ss3% 0,2 1.7 1.5
223 13.7 2.6 2.9 sx+x 0,1 1.f 1.8
224 14.F 3.6 3¢ st O.1 1.¢ 1.3
225 14.2 2.9 3.4 #2222 3.2 2.4 2.4
229 157 4.3 3.7 s#2x 3.9 2.7 2.2
caa 16.6 3.4 3.4 »38% 2.4 2.C 1.8

MH3=t = AYMONTA MITPIIGEN

CxC=v = 2RGANIC NITROGEN

NO3-f0 = LITRATE KITRGGEN

N2="t = HITRITE 4ITIRGGEM

TOT="1 = 10YAL NITP(0G=N

Tt = TCAER IMFLUETY

TE = TCASR EFFLUENT

ce = CLARIFICSKF EHFLUENT

1 = FILTER TthLur NT

FE = FILTER EFFLUNT

LETERMINTE FIGM PROBARILITY PLOTS.
KA ARALYSES,
ks = +1SSINC, UNLTFINED, AND/OR UNRELIARBLE DATA
DAY = CALENCAR LAY (JANUARY 1,

1971 = DAY 1)
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TI TE
0.3 1.1
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Group 6 - Period VII - Days 8/18/71 - 9/3/71

CWER FLCW = 1.00 GAL/MIN/FT2

2ECYCLE = 0.5T7T GAL/MIN/FT2

2AT1O = 0.57

FILTER FLCW = 5.00 GAL/MIN
CTHER ANALYSES
cay { SSy MG/L )" TOC, MG/L it SOC, MG/L ¥t TEMP, F b

T! TE CE FE TI TE CE FE 11 TE CE FE TI TE F1

230 23, 131. 17. 10. 25. 24. 20, 24. *%%%k %x2ak k& ks 69, 64, P&k
231 23. 31. 17. 10. 28 18 21. 18, ®&4% &kkr k% *k2Xx (9, (6, ***x
232 40, 10. 9. 1. 26. 19, 21. 21, *#¥% *4%& k&2f xekk 69, 64, *EEE
236 32. 19. 17. 2. 23. 21. 19. 16, ®TexE &k¥xx Skxk Sxx% (8, 64, REXE
237 4. 16. 6. 2a 17. 16, 15 15, ®®kk xxxx xkax &k 69, 64, *¥¥%X
238 dese svee 1S5, 8. 18. 15 13. 12. *&tk khak hkkk dkkk (8, 64, *Ekk
239 17. 46. 24. l. 18. 16¢ 18 14, kX kdkk Hkk% *%xx% 68, 63, *%¥x%
263 11 13, #as% 2. 19. 15, *&td ][4, kkbk kbkxk hikkh kexk LT, (4, SkEF
244 23, 17, #2¢» 1. 22. 17, %%k 16, #kdd Hkok kixk *kkk (T, 644 %E%E
245 11. 8, *¥%3% 2. 23. 18, %%k |7, kakd Kbk fkhk wkkk L7, 65, BREX
246 2S. 1. #¢9» 1. 24. 16, %% 14, *4kk kkhk ook 2dok (8, H6. Fekxn
coe 24. 28. 13. 4. 22. 18 18s 16, ki kkdx kktk xkkk (8, 64, ¥xkx

SS = SUSPENCED SOLIODS

T0C = TCTAL CRGAN]C CARBGON

SoC * SCLUBLE ORGANIC CARBON

TEMP = TEMPERATURE

T! = TCWER INFLUENT

TE = TCWER EFFLUENT

CE 3 CLARIFIER EFFLUENT

Fi = FILTER INFLYUENT

FE = FILTER EFFLUENT

L}

MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES

DETERMINED FROM PROBARILITY PLOTS. MEAN VALUES FOR EFFLUENT

QUALITY INCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

e = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

CAY = CALENCAR DAY (JANUARY 1, 1971 = DAY 1)
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Group 6 - Period VII - Days 8/18/71 - 9/3/71

TOWER FLOW = 1.00 GAL/MIN/FT2
RECYCLE £ 0.57 GAL/MIN/FT2
RATIC = 0.57

FILTER FLCW = 5.C0 GAL/MIN

NITRCGEN ANALYSES

W - - - - .- - -

DAY ( NH3=N, MG/L )" ORG=N, MG/L LA NO3-Ne MG/L ) NO2-N» MG/L " TOT=-Ns MG/L )
T1 TE CE FE T1 TE Cce FE T1 TE CE FE 11 TE CE FE Tl TE CE FE

230 14.8 3.1 3.2 3.0 1.4 2.7 2.7 2.2 006 9.7 8.5 942 0e3 1.3 1.5 0.8 17.1 16.8 15.9 15.2
231 14.9 2.7 2.8 2.6 %.6 2.5 1le6 1.6 0.3 9.5 9.3 8.4 0.4 1.5 1.7 1.6 20.2 16.2 15.4 14.2
232 13.2 3.1 2.5 3.2 5.1 4.2 3.0 1.7 0.9 10.5 10.3 9.2 0.7 1.8 1.8 1.3 19.9 19.6 17.6 15.4
236 16,6 2488 4.2 4.1 2 1.1 5.9 2.1 0.9 10.9 10.6 10.0 0.3 0.3 1.4 1.0 30.2 18.0 22.1 17.2
237 15.2 3.9 4.1 3.9 2.2 S5.4 5.3 1.1 0.6 10.% 10.0 10.0 0.4 1.6 2.0 1.0 18.4 21.3 21.4 16.0
238 16,1 2.2 2.4 2.8 4.0 3.1 2.9 1.5 0.3 10.5 10.5 10.0 0.3 1.5 1.5 0.9 20.7 17.3 17.3 15.2
239 17.7 3.2 2.5 2.4 let 3.9 3.2 1.5 0.4 12.4 12.4 12.6 0.3 1.6 1.6 0.7 19.8 21.1 19.7 17.2
243 16,3 4.6 #2%% 5.0 5.8 3.4 ##2% 1,2 0.6 13.0 #%x% 13.0 0.1 *%x# &%%% 2#2% 23,0 21.0 *e*¥¥ 19,2
244 17.0 5.2 #*#x (6.4 5.6 1.6 *¢*¢ 0,5 1.0 13.0 **22 9,6 0.2 0.1 *#¥+% 0,4 23.8 19.9 *#&x 16,9
245 167 3.4 #0223 4,3 3.2 2.6 *#%%%x 1.5 0.9 12.7 *+*%¢ 9.9 0,2 0.3 *#%** 1,2 21.0 19.0 **%% 16.9
246 16.1 3.0 #2934 4,1 1.9 4.4 #%2% 0.6 0.1 8.5 ##*% 10.0 0.1 #*s**% #e3xx ). 1 18.2 15.9 **%¢ 15,8
see 15.8 3.4 3.1 3.8 3.5 3.1 3.5 1.4 0.5 10.1 10.2 10.1 0.3 1.1 1.6 0.9 20.2 18.7 18.5 16.2

NH3~N = AMMCNIA NITROGEN

CRG-N = ORGANIC NITROGEN

NO33-N = NITRATE NITROGEN

N0O2-N = NITRITE NITROGEN

TOT-N = TCTAL NITRCGEN

T1 = TOWER INFLUENT

TE = TOWER EFFLUENT

CE = CLARIFIER EFFLUENT
- Fl = FILTER INFLUENT

FE = FILTER EFFLUENT

coe = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
CETERMINEC FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY INDICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

ses = MISSING, UNCEFINED, AND/OR UNRELIABLE DATA

DAY = CALENDAR DAY (JANUARY 1, 1971 = DAY 1}
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Group 2 - Pericd VIII - Days 9/10/71 - 10/15/71

TOWER FLOW = 0.50 GAL/MIN/FT2
RECYCLE = 1.CC GAL/MIN/FT2
RATIC = 2.00
FILTER FILCW = 3.50 GAL/MIN
CTHER ANALYSES
oay | $Se MG/L H TOC, MG/L M SOCe MG/L ) { TEMP,y F )

TI TE CE FE TI TE CE FE TI TE CE FE Tl TE FI

253 949 ssms $80s 38x 23, 18, ke 6, *ERE Ak Ak AEk% 8. 65, e

257 42. 26. %958 B. fbho 22. BEXE 23, 2XRE SEBE SXXF SRR SN GHIE KIkk
258 12, 18. #3¢» le 21. 12 *2%% 10, *%% %kst Sk%xe dsd (9, 6T, **xxk
259 11. 3, 9% l1e 22, 14, wtds 17, &% ®xkk kked 4xdx K8, 66, *ed%
260 11. 29, os»» 3. 22. 18, ®*kx 14, *hte hxxe wkkd 2xkd £8, 45, k%
265 22, 21. sees le 2la 16. &2 12, %%ks k4% 2%k H6ke (6, 61, *vxs
266 20, 20. v2es 1e 20. 16, *2%k 13, %&ks &kk khk& 2kdd  §6, 62, ®Ekk
267 17. 18. #%¢% le 21. 18. %%%% 15, *%sk *8&% #2%d xk%& (6, 60, ¥r:s&
271 38, 23, #tss 1e 17 12. ®%%& (2. #44%% kkkx k% $2$%  £6. 63, %k
272 10. 10, #*ses# le 12. 12, ®#%% 11, *%5k Rekk s2k% *xx%x b5, 65, ***%k
213 2. P, *98% 1. 9. 11, #%&x 10, *kk% REXk X5k% XXk £6, 64, ¥¥kk
274 9. 4, 429 le 12. 10. *%%x 9, %kdk hughk kdkk dkkx L7, 64, *Ek%
2718 22. 30. %4%e 9. 1l4. Q. ®kk& B, $%&%k Rsks RE*d ¥2EF £5, L1, Kk%&
279 49, 25. *¥s% 8. 13. 13, *x%x% Te *hkk %kkk kk2 k& 65, O6l. **xi
280 9, 17, s+ 5¢ 11le 10. ®*#x G, kkkE Rkk% kkx% 5%k §3, 58, ik
cee 20, 18, #ss» 3. 19. 14. *xs% 12, *2%¢ xikk Sakk 2EkkE L6, £33, sEkER

sS = SUSPENCED SOLIDS

T0C = TOTAL CRGANIC CARBON

Scc = SOLUBLE ORGANIC CARBON

TEMP = TEMPERATURE

T! = TCWER [NFLUENT

TE = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

F1 = FILTER INFLUENT

FE = FILTER EFFLUENT

ce s a MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY INDICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FR(OM
MEAN ANALYSES.

LR a MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY s CALENCAR DAY (JANUARY 1, 1971 = DAY 1)
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Group 2 - Period VIII - Days 9/10/71 - 10/15/71

TCHRER FLOW = 0.50 GAL/MIN/FT2
RECYCLE = 1.C0 GAL/MIN/FT2
RATIC s 2.00

FILTER FLOW 3.50 GAL/MIN

NITRCGEN ANALYSES

gay | NH3=-N, MG/L H ORG-N, MG/L A NO3=Ny MG/L b { NO2-Ns MG/L | K TOT=Ny HG/L )
T1 TE Ce FE Ti TE ct FE 1t TE CE FE Ti TE CE FE Ti TE CE FE

253 19.6 2.0 %22 1.8 3.3 3,7 #s*x 2.6 Q.3 14.5 #¢%x 13,6 0.2 0.5 ***% (0.5 23.4 20.7 ***% 18.5
257 19,6 2.0 ##%2 1.8 3.3 3.7 sexx 2.6 0.3 14.5 *%%% 13,6 0.2 0.5 #*¢%x 0.5 23,4 20.7 %% 18,5
258 18.5 1.6 ##8¢ 1.3 4.3 4.C *#%%  ].7 0.4 15.0 #*%% 14,3 0.2 0.3 #s¥% 0.4 23.4 20.9 *#%%% 17,4
259 18.5 1.1 #eee 1.0 7.9 2.7 ##%% 3,1 0.4 15.8 **2% 14,8 0.2 0.4 #+%2 0.4 17.0 20.0 #***xx 19,3
260 18.8 1.1 #9%% 1.1 4.5 2.3 %9x& 2,2 0,5 17.5 *%3& 17,1 0.2 0.5 #¥¥* 0.2 24.0 21.4 *%%x% 20,6
265 17.2 1.1 2¢%2  j.4 T.46 2.6 #¥%% 1.5 1.0 16.0 ###% 15,3 0.3 0.4 #3**% 0,2 25.9 20.1 **+% 18,4
266 18.0 1.0 #*#%¢ 1.3 3.3 3.4 %% 1.9 0,5 16.2 *%*% 15,8 0.2 0.6 #**#*%x 0,3 22.0 21.2 #*%*%% 19.3
267 18.46 2.1 #*2s 1.6 2.7 1.6 ®%c#%% 1.7 0.5 17.0 **%» 16,0 0.2 0.8 *%%% 0.4 21.8 20.5 **%% 16,7
271 14.5 1.6 o888  ].4 3,6 2.6 %#88 1,8 0.3 16.4 *e#* 16.2 0.1 0.7 ##%% 0,3 18.5 21.3 *%*% 13,7
272 13.1 1.3 #9e% 1.0 6.5 1.5 ®%¢%x 1.8 0.5 12.0 #*%% 11,3 0.2 0.3 2*%% 0.1 18.3 15.1 **2% 14,2
273 14,2 1.0 2#¢28 3.2 5.7 2.C #%s%% 2.5 0,7 14.8 **%% 14,0 0.3 0.2 *#%% 0.1 20.9 18.0 #*#*xx 17.8
274 15.2 1.2 #¢2¢ 1.7 8.0 3.8 =% 1.7 0.4 15.2 *%%% 14,5 0.2 0.4 *e¢xx 0,1 23.8 20.6 #*#¢% 18.0
278 16.5 1.6 #%2% 1.6 2.9 3.3 #xx% 2.5 0.5 13.4 #%¢% 13,9 0.2 0.6 ®##¥* 0.1 20.1 18.9 *#2% 18,1
279 16.6 1.6 #22% 1.7 2.4 2.6 %¢%%2 1,6 0.5 13.0 ##2%% 13,4 0.2 1.0 *#%%%x 0.6 19.7 18.2 *&*% 17.3
280 143 1.1 *». ¢ 1.6 1.7 1.7 =#%% 1.9 0.6 12.7 **#x 13,1 0.2 0.8 #*¥%x 0.4 16.8 16.3 #*%%% 16.8
eavs 16.8 1.4 #2988 1.4 4.3 2.8 #e2& 2.0 Qo4 14.9 %%2% [4&.6 0.2 0.5 #*#2% 0,3 2].2 19.5 *%%% 18,2

NH3=N = AMMCNIA NITROGEN

CRG=N = QRGANIC NITRCGEN

NC3-N = NITRATE NITROGEN

NC2-N = NITRITE NITROGEN

TOT=~N = TOTAL NITRCGEN

Ti = TOWER INFLUENT

TE = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

Fl = FILTER INFLUENT

FE = FILTER EFFLUENT

es o = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
ODETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALITY INCICATORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANRALYSES.

LY ¥ = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

CAY = CALENCAR DAY (JANUARY 1, 1971 = DAY 1}
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Group 5 - Period IXA - Days 11/1/71 - 11/12/71

TCei® FLOW
R=CvyCLE
“AT
FILTAR FLCW

—

«0C GAL/MIN/ZFT2
C.CC GAL/MIN/FT2
¢c.CcQ

5.CC GAL/MIN

H ot nu

CTHE2 ANLLYSES

cay | €S, ¥G/L ) ( T0C, MG/L ) SOC, MG/L ) TEMP, F )
T1 T Ct FE T TE CE FE T1 TE CE FE Tl TE Fl
106 9. 5, *taw 3, 19. 18, txex 16, %2%kx H&khe GExk xkRk gl, 56, Ak
307 4C. 32, *9sa 19. 19, 17, %% 14, &%k kkxx Hdxk *xv%  §0, 55, *%xk%
308 7. Le VRSB le 22 19, #®%%%x ]33, k¥k% Ktk dkg&kk AkkFx  Hl, 57. %2%%
3¢9 23. l4. #8058 he 16, 12. %%x%x 11, *udk %ExEx x%d 2k 60, 54, **k%
311 24. 3., %868 1. 25. 19, **x& | g, %&bk kkhx xxkdk Kxgk 59, 55, %%&x%
B A 1. 12, #4902 4fo 24, 20. FEEK 15, Hhkk kkd& Shxk fxk&k 60, Sb, #hk%
315 2. lo, #35w» 3, 24, 19. %nux |5, wekE fegdk kg skkk £0. 56, HEEE
316 26. 24, %E3s 15, 21, 17. #%x8%x 16, *kkk Ktk *hk Lhxkx 60, 55, ks
eee 2C. 1. #%%% a, 2l. 18. *%x%% |5, s%%% %hkx %%k xk¥xx 0, 56, wwxk
SS = SUSPENTEL SCLILS
T0C = TCTAL (RCENIC CARDBON
scc = STLURLE ORCANMIC CAREON
TZwp = TEMDZRATURE
T1 =z TCAZR INFLUSMT
TF = TOWER SFFRLUL T
ce = CLARIFIER pFELUENT
1 = FILTER [IHRFLUSNT
FE = FILTER EFFLUTIT
ces = MIAY VALUES FUR YITROGEN ANALYSES AND OTHER ANALYSES
LETERMINIE FRLM PRORARILITY PLOTS. MEAN VALUES FOR EFFLUENT
JUALITY [P TCATORS ANE SYSTEM PERFORMANCE INDICATORS CALCULATED FRQOM
VEAN O ARNALYSES.
ey = 2ISSING, USLCFINED, AND/OR UNRELIARLE DATA
rAy = CALCNCAR [AY (JAMUARY 1, 1971 = CAY 1)
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Group 5 - Period IXA - Days - 11/1/71 - 11/12/71

1.00 GAL/MIN/FT2
0.CO GAL/MIN/FT2
D.C0

S.C0O0 SAL/MIN

TOWI® FL la
QzCvYCLE
RATID
FILT™2 FLMW

wonouow

e S e - - — - - ----

Cay | 3=, MG/L M ( TRG=l1y MG/L X NO3~N, MG/L | N NQ2~N, MG/L | X TOT-Ny MG/L
T! Tr cs FE Tl TE CE FE Tt TE CE FE TI TE CE FE T1 TE CE
300 17.6 6.1 #0242 5.8 1.0 2.0 *#%&% 1.4 0.5 9,0 ***x 9,9 0,2 1.6 **xkx (0,7 19,3 18.7 #*%*x
307 184 6.1 #2266 1.6 2.6 %%%x%x 0,9 0.3 8.8 *2%%x 8.2 0,2 2.2 *%*%%x 1.2 20.1 19.7 #%3%
3C3 17.3 6.9 2424 T,0 2.5 2.1 %¥2% 0.7 0.5 9.6 **%% 10.0 0.2 1.8 *x%x 0,6 20.5 20.3 #&%x
3¢9 17.2 4.5 s#20 5.9 3.6 3.6 #%%%2x 1.5 0.5 12.4 *%%% 10.2 0.2 0.4 *3%%  l.4 21.5 21.2 *%%x
313 18,7 5.9 ss2%  £,6 2,7 2.4 %x22x 1.5 0.3 11.2 *2%%x 1].8 0.2 1.6 *%*x (0.2 21.4 21.1 *%=%
314 1677 5.7 #ees 5.3 2,2 2.6 22xx C,9 1.1 12.4 #*%%% 10.8 0.2 1.4 s%%kx  ],2 20.4 22.0 %%*x
315 L7.7 6.7 #»2x2 6.7 2.7 1.8 %xf2x (C,1l C.2 7.0 %#%x 5.8 0.2 1lo& #*2x%x 1,0 20.8 16,9 *%x*x%
316 18,2 5.9 #3s% 6.9 3.7 3.6 2%%x  C,9 Q.4 7.6 *%x%x%x T.4 0.1 1.4 %8 0,4 22.2 18.8 *x*x%
e 176 S.3 #%%% 6.4 2,5 2.7 #*%%%x 2,9 0.4 9.7 *%%x 9,2 0.1 1.4 *%%x%x 0,8 20.7 19.8 *%x%
AH3 =% = AMYCNTA NITRCOGEN
CRC=-N = CRCANIC MNITRRGEN
NC3=% = MITRATE NITRUGEN
NA2=" = NITRITE NITROGEN
TCT- = TOTAL NITROGEN
T1 = TCAER INFLUELT
T€ = [CAZIR EFFLUCIT
T = CLARIFIER CSFELUENT
Fl = FILTcR IMFLURNT
Fe = FILTER EFFLUGCNHT
ese = MFAN VALUCS FOR NITROCEN ANALYSES AND OTHER ANALYSES
CETERMINA(. FRGM PRCEACILITY PLOTS., MEAN VALUES FOR EFFLUENT
QUALITY [NCICATO?S AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.
s = MISSIMNG, UNMORFINED, AMO/OR UNRELTABLE DATA
cavy = CALENCAP LAY (JANUARY 1, 1971 = DAY 1)
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Group 2 - Period IXB - Days 11/15/71 - 11/30/71

C.50 GAL/MIN/FT2
1.C0 GAL/MIN/FT2
2.00

3.50 GAL/MIN

TCWER FLCW
RECYCLE
RATIC
FILTER FLOW

HonoWou

CTHER ANALYSES

DAY ( SSy MG/L ) TOC, MG/L bA ¢ SGC, MG/L §l TEMP, F §
TI TE CE FE T1 TE CE FE TI TE CE FE I TE F1

321 36. 50, s¥ee 1. 27. 18. st 1§, %e%5 k& sx¢k S22k £0, 56, *¥*%
322 2. 47, #*ess 1. 1S5. 11l. #*%x3 3], %%k *¥x ks Skkx (0, 55, kN
323 1. 43, ss%% 1. 21. 14. *%%& 11, %%tk &tk kkkk k%% 55, LT, kX
327 s8e% ]2, veee 1. #%%e 16, 6k 14, 2% Seet ho¥k &gk &8, 50, *k&%
32e 17. 12. #ses 2. 24, 15, ®¥ex 15, weks Tkh& dokdk Sk2&k 6§55, 48, wkE#
334 17. &B., s3ss 1. 19. 15. #%&s 13, ®%sk kekk ek $2%6&k 5§55, 46, k%
cea 15. 35, #ess 2. 21. 15, %exgx 13, s%d& Xdak xkE K&k%x 5T, S0, #ekx

SS = SUSPENCED SOLIOS

T0C = TCTYAL ORGANIC CARBON

SoC = SCLUBLE ORGANIC CARBON

TEMP = TEMPERATURE

71 = TCWER [INFLUENT

TE = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

FI = FILTER INFLUENT

FE = FILTER EFFLUENT

cs e = MEAN VALUES FOR NITRDGEMN ANALYSES AND DTHER ANALYSES
DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
GQUALITY INCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES. ’

e = MISSINGy, UNCEFINEDy AND/OR UNRELIABLE DATA

DAY CALENCAR DAY (JANUARY 1, 1971 = DAY 1}

]



TOWER FLOW

RECYCLE

RATIC

FILTER FLCW

KITRCGEN AMALYSES

321
322
323
327
328
334

©eae

( NH3-N, MG/L

s
DAY

I T O A

TE CE

5 #hg%
3 exss
7 #nzs
2 #3%s
5 e8as
1 etes
T #dax

AMMCNTIA
ORGANIC
NITRATE
NITRITE
TCTAL NI

Group 2 - Period IXB - Days 11/15/71 - 11/30/71

0.50 GAL/MIN/FT2
1.00 GAL/MIN/FT2

2.00

3.50 GAL/MIN

It ORG-Ny MG/L X NO3=N,
FE Tl TE CE FE TI TE
1.8 S.3 4.4 2exe 1.7 0.3 18.2
0.3 3.0 1.4 *¥*x 1.7 0.1 16.2
0.3 2.6 1.1 *#*% ].,86 0.8 17.8
2.5 *#£sx 1,7 %%k Q.8 &xxx 15,8
2.0 3.5 1.2 =2*2 (0.8 0.8 15.0
1.5 7.2 1.7 2%x%2 1.6 0.7 l4.4
1.4 4.3 1.9 *#*%x 1,3 0.5 16.2
NITROGEN
NITROGEN
NITROGEN
NITROGEN
TRCGEN

TCWER 1HFLUENT
TCWER EFFLUENT
CLARIFIER EFFLUENT
FILTER INFLUENT
FILTER EFFLUENT

MEAN VELUES FOR NITROGEN ANALYSES AND OTHER
DETERMINEC FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY [MCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM

MEAN ANALYSES,

MISSING,

UNCEFINED,

AND/OR UNRELTIABLE DATA

CALENCAR DAY (JANUARY 1, 1971 = DAY 1)

MG /L
CE

kkk®
hkhE
rkew
k&
ok ko
LS 2 2
L2 2 23

LK
FE

17.8
Aknk
16.3
i5.9
14.8
14.46
15.8

ANALYSES

MG/L
CE

hER
1Y
YL
'I1L
*ekd
LY
IL

TOT~Ny

TI

24.0
19.2
20.1
LT T2
23.5
22.0
21.7

TE

24.3
18.1
19.8
21.3
18.9
18.6
20.1

MG/L
ce

&k Kk
Rk
L2 2 2 ]
L2 2 2]
Exkk
*hk¥k
5%k

FE

21.5
2ERk
18.4
19.3
18.0
17.9
19.0
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Group 2 - Period X - Days 12/1/71 - 12/30/71

TCWER FLCw = 0.50 GAL/MIN/FT2

RECYCLE = 1.00 GAL/MIN/FT2

RATIC = 2.00

FILTER FLCW = 3.50 GAL/MIN
CTHER ANALYSES
cay SSe MG/L | X TOC, MG/L | K SOC, MG/L | N ¢ TEMP, F )

T TE CE FE TI T€ CE FE 11 TE CE FE TI TE FI

33s 20. 29. %o0p le 21, 18. %s%x% 15, ¥2%% dekk ek k% 55, 46, *¥e%
336 3, 10. *ess 1. 21. 14, Sk 12, %24 xee%k *2k% &3k 5§55, 4T, ks
348 17. 10, #sex 3. 30. 21. **%% 18, **e¥x wkks Rk k% 54, 47, *Ex%%
349 17. 11. #92e 1. 23. 18. *%kxk 16, *€$% kxkx X%k kkdx S]_ 45, ki
350 8. g, **s% t. 15. 13, *%%8  ]1, *%sk kk&t Shgx kkkk 53, 46, ¥k
351 1. 3. ts88 le 23. 18, *%¢x 17, *&sd wkek bkdk hhkk Kkkbk hpkk Fhk%
354 10. 6o PdeR Lo 22. 18. ®2%% 13, wthk xhkk kkkk skkk §F. 47, ¥k
357 12. le %233 1e 18. 14. %2%x2% [0, ®%%%x kb %kkd kkkx xddx kgkk ®2%¥%
362 27. 22. tsa3» 5¢ 22 15. *x%% 16, ®k&k k% *2k3 xx2k 50, 42, ki
363 22, 17, #4234 be 24 17 2%k 16, ®%kE xbdk Skdk hxsk 52, 44, dke¥
364 10. 3, $2%% 1. 23. 17. 2%k 16, *¥%xkk kkFk 5k dxkk Fkhk GhAk SR
eee 15. 12. s*s2 3, 22. 17, *%%% |5, «s¢% ¢t sked 2¥kk 53, 46, ¥*kxp

$S = SUSPENCED SOLIDS

T0C = TCTAL CRGANIC CARBON

sac = SCLUBLE CRGANIC CARBON

TEMP = TEMPERATURE

Tl = TCWER INFLUENT

TE = TCWER EFFLUENT

CEe = CLARIJFIER EFFLUENT

Fl = FILTER INFLUENT

FE = FILTER EFFLUENT

= MEAN VALUES FOR NITROCEN ANALYSES AND OTHER ANALYSES
DETERMINED FRCOM PROBARILITY PLOTS. MEAN VALUES FOR EFFLUENY
QUALITY INCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

tes = MISSINC, UNCEFINED, AND/OR UNRELIABLE DATA

DAY a CALENCAR DAY (JANUARY 1, 1971 = DAY 1}
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Group 2 - Period X - Days 12/1/71 - 12/30/71

TCWER FLOW = 0.50 GAL/MIN/FT2
RECYCLE = 1.C0 GAL/MIN/FT2
RATIC = 2.C0

FILTER FLCW 3.50 GAL/MIN

NITRCGEN ANALYSES

oy an vo -

oAy NH3=N, MG/L " ORG=No, MG/L )¢ NO3=Nes MG/L ) ( NO2-Ne MG/L LK TOT=N, MG/L )
TI TE CE FE TI TE CE FE 11 TE CE FE TI TE CE FE T1 TE CE FE

335 18.0 1.8 #*23% 1.9 1.8 1.2 s#x¢ 0.5 0.6 16.2 **%x 16.8 0.1 0.8 ##%x 0,2 20.5 20.0 *+** 19,4
338 19.3 2.6 #2443 2.2 4.4 1.€ *%%% (0.5 0.9 17.8 *%2% 19,0 0.1 0.6 *#¥3% 0.2 24,7 22.6 ***x 2].9
348 10.4 1.6 #*#¢ (0.7 5.4 0.8 *«¥x% 1,8 0.8 10.8 **%% 11.0 .0.3 0.2 *x#% 0.1 16,9 13.4 *#*% 13.6
349 12.6 4.0 #2232 3.3 2.7 1.9 *¢x¢ 2,2 0.7 9.8 ***%% 10.2 0.3 0.6 ****x 0,2 16.3 16.3 *e%* }5,9
350 6.4 1.5 #42% 1.1 2.4 1.C 0.0 Co5 1.5 6.4 *3%% 7.4 0.5 0.8 ##x% 0,2 10.8 9.7 **¢x 9,2
351 Be3 2.7 #s¢x 1.4 2.0 0.3 *x%xxx 0,7 1.2 7T.4 ®%3%x 7,8 0.5 0.6 **** (0,2 12.0 11.0 ***x 10.1
356 121 S.1 ##%# 4.1 4.1 2.4 #%24%x 2,3 0.8 T.0 **#%x 8.0 0.2 1.2 *%x%k 0,2 17.2 15.7 *3%% 14,6
357 10.8 4,1 #2%+ 3.1 4.8 2,2 #**x 2,0 0.1 8.2 *2%% 8.2 0.1 0.6 #***& 0,2 15.8 15.1 **** 13,5
162 13.1 4.0 #2x+ 3,1 3,5 1.5 *%%x&x 2,0 0.5 6.8 **&% G,6 0.2 *%%% #x%x 0,6 17.3 15.7 *x%* 15,3
363 10.9 3.0 ##33 2.1 5,6 1.6 %*2% 2,7 0.4 6.4 *xx%« 9,0 0.2 *%%2 %49¢ (0,8 17.1 13.8 *x*% 14,6
6% 13.9 3.6 ##%% 2.8 2.6 2.3 *%ex 2.0 0.4 6.6 **%x 10.0 0.2 0.2 *¥#¥*¥x 1,6 17.1 15.7 **** 1b6.4
sae 12.3 3.0 ##%s 2.3 3.6 1.5 %#2& 1.6 0.7 9.4 *#%%x 10.6 0.2 1.0 *x%% (0.4 17.8 15.3 #***x 14,9

NH3I-N = AMMCNIA NITROGEN

CRG-N = ORGANIC NITROGEN

NO3-N = NITRATE NITROGEN

NO2-N = NITRITE NITROGEN

TOT~-X = TCTAL NITRCGEN

TI = TCWER INFLUENT

TE = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

FI = FILTER [INFLUENT

FE = FILTER EFFLUENT

eoe = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
ODETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALITY [NCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

e = MISSINC, UNCEFINED, AND/OR UNRELIABLE DATA

DAY = CALENCAR 0AY (JANUARY 1, 1971 = DAY 1}
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Group 2 - Period ¥XI - Days 1/1/72 - 1/31/72

TCWER FLCW
RECYCLE
RATIC
FILTE2 FLCHW

0.50 GAL/MIN/FT2
1.C0 GAL/MIN/FT2
2.00

3.50 GAL/MIN

CTHER ANELYSES

- - - - —— e -

cay ¢ SSy MG/L K T0C, MG/L it SO0C, MG/L 5t TEHP, F ]
Tt TE CE FE Ti TE CE FE TI TE CE FE Ti ‘TE FI

369 5. 3, Ste2 1o 30, 23. 2x&%x (9, $¢k2x k% k3 24%ks 51, 46, @%@
370 10. 5, 2%ts 3. 18. 1l *%e%x 310, $esx 2058 2%k dxdE 50, 43, sxte
371 6. 13, 2922 1o 18. 12, ®%x%x% G BERX ERE Xtod BREx 48, 37, CTRES
372 15, 53, #»%3 3. 19. 13, sxk2 12, *$+3 kks Sddg Shkd S50, 4£3, vy
378 43, 24, 329 1e 20, 14, %xxs (3, kddk dhek %%%d skkk S], 44, Fed%
379 12. 10. #ess 1. 16. 14, ®38% Q, %sxs h¥kk Kbt FAkE 50, 43, ELk
383 17. 2. #5%e 1. 23. 15, #xes 13, kesd dexk *ddd sk 50, 42, S&k¥
384 16. bo 2% i. 23. 15. #%x%s 23, whiks Fede 3% kekk 50, 44, ek%
385 Se 1. %299 1. 19. 13, =%k (0, #2406 xdxk xhw&k 6%k 50, 44, Fek
386 8. le ®94%% i. 38, 19, s4s¢ [T, %es% 4 ks skxd 50, 45, %@
389 22. 5, 4% Te 17e 13. 2% 3, %345 dkkh %kea $h%% 48, 40, #4#%%
391 3. 3, #9s s 20. 14, %428 fle ®&%d Hbke HRPH FR*R 44, 36 HGEWH
392 3, le #2983 le 21. 31. %%%x 165, wbax kdsx 32k $0%% 48, 40, #¥e%
393 16, T, 228 1. 30 22. #%%%x& 13, sktx %2k H%dd snkk 4G, 42, ¥
e 13, 10, ®%%a» 3, 22. 16. ¥28% 13, ks ks %% k& 4G, 42, SwgR

ss = SUSPENCED SOLIDS

TCC = TCTAL CRGANIC CAREON

SCC = SCLUBLE CRGANIC CARBON

TEMP = TEMPERATURE

TI .® TOWER INFLUENTY

TE = TCWER EFFLUENT

CE = CLARJFIER EFFLUENT

FI = F{LTER [MFLUENT

FE = FILTER EFFLUENT

= MFAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FCR EFFLUENT’
CUALITY INCICATORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROHM
MEA™ ANALYSES.

289 = MISSINC, UNCEFINED, AND/OR UNRELIABLE DATA

DAY = {ALENCAR DAY (JANUARY 1, 1971 = DAY 1}
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Group 2 - Period XI - Days 1/1/72 - 1/31/72
TOWES FLOW

= 0.50 GAL/MIN/FT2
RECYCLE = 1.C0 GAL/MIN/FT2
RATIC = 2.00

FILTER FLCW 3.50 GAL/MIN

NITRCGEN ANALYSES

memevecoccncrcaanee

bAY NH3=N, MG/L LK ORG=Nys MG/L

X NO3-N, MG/L ) e NO2-Ne¢ NG/L X TOT-Ns MG/L )

11 TE Ce FE T! TE CE FE 11 TE CE FE TI TE CE FE TI TE CE FE

369 14,0 2.6 #9333 1.8 6.0 4.1 *%x% 2,7 Q.4 9.4 *4%% 11.4 0.2 1.6 #*3% (0.2 18.6 17.7 s¢*¢ ]6.1
370 ERe% S2EE SRk 2.3 $0%% S % %% 2 .8 Rerk kkk Rrkd 0,4 Fhkk HEnk xhkd (.2 ek sk Kedk 15,7
ain 14.0 4.3 ss**» 3.9 5.3 4,1 *exe 3,2 0,1 6,6 **** 7,8 0.1 0.8 #**+x 0.2 19.5 15.4 ***% 15,1
372 15.1 6.0 ##22 5.2 2.4 4.0 *s3x 2.4 0.3 8.4 *¢%% B.4 0.1 0.8 **** 0,6 17.9 19.2 ***% 16.6
378 13.7 2.2 sse% 1.7 3.8 3.¢ *%%% 2.4 0.8 13,2 **%2 13,4 0.2 0.8 *¢2s 0.2 18.5 19.8 #e»x 17.7
3719 17.5 1.1 ¢33 0.5 0.9 0.7 *%#*x 1.2 0,9 12.2 **%% 12,8 0.2 0.6 **%% 0.2 19.5 14.6 ***x 14.7
a3 13.3 1.5 #2%* 1.2 4.3 1.4 *%%x 0.8 0,6 11.2 ##*% 12.0 0.1 0.4 **2% 0.2 18.3 14.5 ¥*xx }4.2
384 12.2 1.1 #¢¢% 0.6 4.0 0.6 #*%xxx C.7 0.5 9.2 #2%%x 8.8 0.1 0.4 *#*¥% (0.2 16.8 11.3 ***¢ 10.3
385 1142 1.3 #%*% 0.9 2.7 0.7 *%%% Q0,7 0.5 9.4 *x** 9.8 0.2 0.2 **%%x 0,2 1l4.6 11.6 **%x 11.6
386 13.4 1.4 ##¢% 0.9 3.1 1.1 *#%% 0.9 0.5 9.0 #**%x¥ 10.2 0.2 0.2 *&&%x 0.2 17.2 11.7 *#*x 12.2
389 12.6 1.2 ##*% 1.0 4.9 1.2 *¥*2% 0,6 0.6 10.2 %% 10.0 0.1 0.2 *%*% 0.2 18.2 12.8 **%* ]11.8
391 11.5 0.8 ##24 0.6 3.9 1.1 *22x 1,2 0.6 8.6 %% 9.8 0.1 0.2 **¥*x 0,2 16.1 10.7 *%¥#% 11.8
3192 11.2 0.7 #*%9 0.4 2.7 1.2 ##%% 1.3 0.7 11.7 *%%% 12.0 0.2 0.3 **sx 0,1 14.8 13.9 #sxx 13.7
393 12.9 0.9 s%22 0.9 3.6 2.1 #%%x& (0.8 0.5 10.7 ***% ]0.9 0.1 0.3 #**x*x 0,1 17.1 14.0 *¢xx 12,7
coa 13.2 1.9 *#22 1.5 3.5 1.9 *28& 1.5 0.5 9.9 *%*%% 10,5 0.1 0.5 ##¥% 0.2 17.4 14.4 **+* 13.8

NH3~-N = AMMCNIA NITROGEN

CRG=-N = ORGANIC NITROGEN
NC3-N = NITRATE NITROGEN
NO2-N = NITRITE NITROGEN
TO0T-N = TCTAL NITRCGEN

T1 = TCWER INFLUENT

TE = TCWER EFFLUENT

Cte = CLARIFIER EFFLUENT
Fi = FILTER INFLUENT

FE = FILTER EFFLUENT

ces = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
CETERMINEC FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALITY [NCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

"2 a MISSING, UNDEFINED, AND/OR UNRELTIABLE DATA

DAY = CALENCAR CAY (JANUARY 1, 1971 = DAY 1)
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Group 5 - Period XII - Days 2/8/72 - 2/18/72

TTWZ2 FLOW
PeECYCLS
RATIC(
FILTZY FLCW

1.00 GAL/MIN/FT2
CeCO GAL/MIN/FT2
n.cce

2.CC GAL/MIN

nH RN

CTHERQ &*£LYSES

Day SSe MCG/L " 10C, MG/L ) SOC, MG/L M TEMPs F )
Tt Te Cce FE TI TE CE FE 11 TE CE FE Ti TE FI
LG4 23. g, es%s 1. 16, 21. *3*x 14, 16. 10. **2% 14, 48. 43, *¥sx
405 13. 7. s#3s 6. Y4, 18, %%k%xz 16, 29, 15. %¥%% 16, 48, 44. kX
406 17. G, %2 T 15. 16, *2%2 12. 13. 16. **%%x 15, 49, 45, *xx%
407 14. le #5892 le 15, 15, x%%% 14, 12. 1l4. *#*%%x 13, 49, 44, **%x
411 2642 1ol A |1, 2tk ]9, kkes 18, kwzx |7, kA% 16, kx¥k Ahkk Kdak
412 23. 13, sexs 8. 23, 18, #*%2% 18, 1é&. 15, *%%% 18, *«*2¢ k5% 2¥k5%k
413 12. 11, #s¢» 3. 17. 1C, #¢#x 12. 19, 13, *#%%2x 12, 48, 45, #*3#
414 12. be t¥s2 2. 19, 1%, %%%& 15, 19, 17, *%%x 17, 48, 45, ***%
e o 16. q, #%es 5e 20. 16 ZHk 15. 18. IS, *%%x 15. 48, Lo %22 Xk
SS = SHUSPENCED SOLIDS
T C = T{CTAL CRCANIC CARBON
secC = SPLURLE QRGANIC CARBON
TEMP = TFEYPERATURC
Tt = TCHWER [MFLUENT
< = TCWER FFFLUEMT
CE = LLARIFICSH EFFLUENT
Fl = FILTER INFLUINT
< = FILTER FFFLUECNT
ese = MEAN VALUES FUOR NMITROUGEN ANALYSES AND OTHER ANALYSES
{ETERMINAL FRUM PRORARILITY PLDTS. MEAN VALUES FOR EFFLUENT
CCALITY [INMICATORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANELYSES.
s s MISSING, UNCEFINED, AMD/OR UNRELIABLE OATA

CcAY CALENCARP (AY (JAMUARY 1, 1971 = PAY 1)
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Group 5 - Period XII - Days 2/8/72 - 2/18/72

TOWEP FLOW 1.CO GAL/MIN/FT2

PECYCLE GAL/MIN/FT2
RAT I 0.C0

oo
o
L]
O
o

FILTIR FLCH 9.C0 GAL/MIN

NITRrFGEN 2o3LYSES

- in - = - -

DAY { KH3="1y, MG/L )t ORG-N, MG/L ) ( NN3=N, MG/L ) NQ2-N, MG/L ) TOT-N, MG/L )
Tl TE CE Fe& T TE ce FE TI TE CE FE TI TE CE FE TI TE CE FE
LL4 173 7.3 sés0 T4 1.7 0.5 *%x* C,1 0.7 8.5 *x#%x 8,7 0.1 O.a *t2x 0.2 19.8 16.7 *5*% 16,3
405 16.7  T.5 #% 6.7 3,2 1.2 #%3% 1,0 0.6 8.0 *%%& 7,7 0.1 0.% 2%%% 0,2 19.9 17,1 s**x 15,6
4C6 15.7 7.0 *e39 6,5 3,5 1.4 #2328 C,6 0.7 9.0 *%xx 8,3 0.1 0.4 #*%s% 0.3 20,0 17.8 **%% 15,7
407 lé.6 6,0 #2222 5.9 5.4 2.5 *%xxx 2,3 0,9 10.2 *2%%x 9,8 0.1 0.4 ##%xx 0,1 21.Q 19.1 #**=**x 18,1
411 xd2ax  H_ ] edvd & () BEA% 1.8 *%3x% 1.6 *%dxk 8.6 %%%x¥x G, 0 *k%kx (.4 ¥k (0,2 *¥%%x 15,9 x2%%x 15,8
412 14.3 5.0 #3222 4,3 7,5 2.C ®=xx 1.9 0.5 9.1 #xxx 8,6 0.1 1ol *%22 0,2 22.4 1T7.2 *¥%*x 15.0
413 15.3 5.5 #2232 5,1 5.6 2.3 xx#x 1.5 Q0.1 7T.5 %¥%x%x%x 9,3 0,1 2.3 *%xx%x (0,2 20.8 17.6 #*x%x 16,1
414 16.7 5.7 #8235 4,8 2.5 1.7 ®xxx¥% 1.2 0.4 9.5 *%%¥ 9,7 0ol 0.2 %%%%x 0,2 19.2 17.1 *%%x 15,9
cee 1545 6.1 #2232 5.7 4,2 1.6 %% 1,4 0.5 B8.8 %*%%*x 8,8 Q0.1 0.7 *%$% 0,2 20.4 17.3 #=%x%% 16.0
“H3=-N = AMMCNTA MITROGEN
Ces=~% = CRAANIC NITROGEIN
NC3=y = ITRATE NITRUGEN
AD2=N = NITRITE NITROGEN
TOT="t = TCTaL NITROGEM
T1 = TOWER INFLUENLT
TE = TCWER FFFLLFNT
ce = CLARIFIER EFFLUENT
Fl = FILTER INFLUCIT
FE = fILTER EFfLUENT
ce e = MTAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
CETERIMNINEDR FROM PROBARILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALITY I4NLCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MZAN ANALYSES,
e = wiISSINC, UNCEFINTD, AND/OR UNRELIABLE DATA
ray = CALFENCAR LAY (JANUARY 1, 1971 = DAY 1)



86

Group 6 - Period XIII - Days 2/21/72 - 2/25/72

TCHER FLCW = 1.00 GAL/MIN/FT2
RECYCLE = 0.50 GAL/MIN/FT2
RATIO = 0.50

=

FILTZR FLCW 5.00 GAL/MIN

CTHER ANALYSES

- - - -

CAY $Se MG/L e ToCs MG/L X SOCy MG/L " TEMP, F )
T1 TE ce FE T1 TE CE FE 71 TE CE FE T1 TE F1

418 25. 1T7. 9990 4o 17, l4. #¥9+ 14, 13. 12. #2%¥% 13, 46, 44, ¥¥*S
419 i9. Lo 302> 3. 17. 14, s*ex 13, 17. 13. *#*x 11, 46. 43, *%%*
420 30. 9. #¥ns e 27. 16, #*%x 14, 23. 15. &%%% 14, 4T7. 44. %*%%
421 8. 10. #*2» 1. 19. 15, #&xx 12, 15. 15. #%x*x 15, 47, 44, **&x%
cew 20. 9, #¥k2 2. 20. 15, *%xx 13, 17. 1lé4. *xxx 13, 46. &4, **%x#%

sS = SUSPENCED SOLIDS

Y0C = TOTAL CRGANIC CARBON

soc = SCLUBLE CRGANIC CARBON

TEFMP = TEMPERATURE

TI = TCWER INFLUENT

TE = TCWER EFFLUENT

CE = CLARIFIER EFFLUENT

Fl = FILTER INFLUENT

FE = FILTER EFFLUENT

cee = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINED FROM PRCBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY INCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

LAl = MISSING, UNCEFINED, AND/OR UNRELIABLE DATA

DAY = CALENCAR CAY (JANUARY 1, 1971 = DAY 1}
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TOWER FLOW
RECYCLE
RATIC
FILTER FLCHW

Hou W

NITRCGEN ANALYSES

o 0

418
419
420
421

oeo

( NH3=N, MG/L

15.9

%0
bay

LI

TE CE

LR R S 4
the e
$9% %
*S0d
RS 2 J

[o 20+ 0o o
~ Ao o

-
-
°
-
e

AMMCNIA
ORGANIC
HITRATE
NITRITE

Group 6 - Period XIII - Days 2/21/72 - 2/25/72

1.00 GAL/MIN/FT2
0.50 GAL/MIN/FY2
0.50

5.C0 GAL/MIN

" ORG-Ny MG/L LA NO3=N,
FE TI TE CE FE 1 TE
3.8 *a%x 3.8 %k ki 0.6 8.0
5.6 4.7 2.1 *%x%x 1,6 0.5 9.1
5.9 3.5 3.2 *xxx 1.7 0.4 9.1
5.7 3.2 0.6 *%*» 0,9 0.5 9.5
5.2 3.8 2.4 *¥%e 1,4 0.5 8.9
NITROGEN
NITROGEN
NITROGEN
NITROGEN

TCTAL NITRCGEN
TOWER INFLUENT
TCWER EFFLUENT
CLARIFIER EFFLUENT
FILTER INFLUENT
FILTER EFFLUENT

MG /L
CE

LA 2
kg g
LEE S )
AL
LE R 2

MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES

DETERMINED FROM PROBABILITY PLOTS.
QUALITY INOICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM

MEAN ANALYSES.

MISSING,

UNDEFINED, AND/OR UNRELIABLE DATA

CALENDAR DAY {(JANUARY 1, 1971 = DAY 1}

NO2-N,

TI TE
0.1 0.3
0.1 0.3
0.1 0.3
0.1 0.3
0.1 0.3

MEAN VALUES FOR EFFLUENT

MG/ L

T
Y
' T1L.
T
“EER

[eNeNeNoNe]

NN NN e

(

TOT-~N,

TI

23.4
21.2
20.1
19%8
21.1

TE

16.9
17.92
19.2
16.9
17.7

MG/L
CE

I
thkk
T
EET
PeNT

FE

17.4
16.2
17.8
16.0
16.8
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Group 4 - Period XIV - Days 2/29/72 - 3/17/72

TOWER FLOW
RECYCLE
RATIC
FILTER FLOW

0.71 GAL/MIN/FT2
0.50 GAL/MIN/FT2
0.70

5.C0 GAL/MIN

CTHER ANALYSES

- 0 - e - -

Day SSe MG/L ) ( TOC, MG/L K¢ SOCs MG/L ) TYEMP, F )
T1 TE CE FE Tl TE CE FE TI TE CE FE TI TE Fl
425 12. 9. et 1o 26. 16. **x2% 15, 2C. 15. **%x 14, 48. 45. s»es
%26 26, 25, #e3% 11, 23, 15, *ex%x 15, 21, 16. **2% 16, 4T7. 43. *eex
427 22. 12. s*2» 8. 24. 16. #*%x 14, 22, 18, *xsx 15, 45, 40. ®&xx
428 -8 J. #%x2 2. 17. Se XEEEK lo ®%%k hxkkx kk3k HEiR 46 4], %kxx%
432 27. *t2% ks k2R 20. 13, *2x% il. i17. 15. %%#x 13. %%bkx Rbek Rkkk
433 41. 9, *Ed 2. 160 12, *x%%x 13, 16. 14, *xk% 14, *#4¥%x k%25 kkkk
434 8. 8. e 1o 19. 14, #=xx%x 13, 14, 12, *%%% ]Jl. 44. 39, *2%x%e
435 9. Jo. #a%e 1o 17. 16. #+xx 13, 15, 15. *¢%% 12, 46, 42, %%
539 3. 1. #2442 1. 14, 16. #¢+% 11, 17. 15, #+%x 14, 44, 38, *&*x
440 15. 17. #+e¢+ 18, 1l6. 9. skx& 11, 24. 24, *x¥* 18, 47, 44, Fkkk
461 $aes 22, dx+ 18, 15. 11. %%%x 13, 23, 17. #%%& 17, 46. 44, *kxk
642 25. 20. #%x¢ 16, 20. 14, =%x& 17, 24, 20. **¥x 15, 46, 44, tREw
cce 18, 12. #32s Te 19. 13, #2%x 13, 21, 16, *%%% 14, 46, 42. %%s2
SS = SUSPENCED SOLIDS
T0C = TOTAL ORGANIC CARBON
socC = SCLUBLE ORGANIC CARBON
TEMP = TEMPERATURE
Tt = TCWER INFLUENT
TE = TOWER EFFLUENT
CE = CLARIFIER EFFLUENT
FI = FILTER INFLUENT
FE = FILTER EFFLUENT
cee = MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY INDICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.
s = MISSING, UNDEFINED, AND/COR UNRELIABLE DATA

DAY = CALENDAR DAY (JANUARY 1, 1971 = DAY 1)
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Group 4 - Period XIV - Days 2/29/72 - 3/17/72

TCWER FLCW = 0.71 GAL/MIN/FT2
RECYCLE = 0.50 GAL/MIN/FT2
RATID = 0.70

FILTER FLOW = 5.00 GAL/MIN

NITRCGEN ANALYSES

CAY { NH3=-N, NG/L M ORG=N, MG/L " NO3=N, MG/L A | NQO2=N, MG/L " TOT-Ny, MG/L }
T! TE CE FE TI TE CE FE T1 TE CE FE 71 TE CE FE T1 TE CE FE

425 16,7 3.2 #s2% 2,1 1.7 1.3 *22¢ 2,1 0.6 12.3 #*%23 12.8 0.1 0.5 =223 0,1 19.1 17.3 **2s 17,1
426 15.4 1.8 #%e% 1,3 2.2 2.0 %tk 2,2 0.6 12.3 *¥%% 12,9 0.1 0.4 **¢% (0.1 18.3 16.5 ¢¢*+ 16,5
427  16.4 2.1 %ess 2.0 3.0 1.6 **xx 1.4 0.1 13.5 **%% 12.2 0.3 0.3 *#%x 0.2 19.8 17.5 *+*x 15,8
428 1T.4 2.9 o¥s% 2.4 0.1 1.5 ®**e% 1,6 0.6 14.2 **%% 14,8 0.1 0.1 #*#*% 0,1 18.2 18.7 s**% 18.9
432 14.8 2.1 s*¥s 2.9 4.4 2.5 ®x%x 3,0 0.3 15.3 ¥*%% 10.4 0.1 0.3 *#x% 0.1 19.6 20.2 *#%% 16.4
433 14.5 2.5 #%s%¢ 1.8 3.5 2.1 *ea% 1.3 1.4 12,3 *#4% 12,9 0.1 0.1 *#3% 0.1 19.5 17.0 *%%¢ 16,1
434 15.5 3.3 #3%2 2.5 1.7 l.4 *+s% 1.5 0.6 10.4 #**%% 10.8 0.1 0.1 **%% 0,1 17.9 15.2 $#%% 14.9
435 17.8 3.4 see3 2.7 0.1 O.1 *s%& 2.1 0.5 12.3 *#%% 10.6 0.1 0.5 #*8% 0.2 18.4 16.2 *#+*% 15,6
639 13,0 2.2 **xx 1.6 4.4 3.0 k% 3,5 0.6 10.0 ***% 10.3 0.1 0.2 **&* 0.1 18.1 15.4 *%*x 15.5
440  14.5 3.1 esss 2.5 3.9 1.9 *ak% 1.6 0.5 10.4 *#¢+ 10.1 O.1 0.3 *#%x% 0.2 19.0 15.7 s+%% 14.4
441  13.0 2.0 #%%% 1.9 2.3 2.8 skx% 0.7 0.5 9.7 #4%x¢ 9.5 0,1 0.2 *#%4%x 0.1 15.9 14,7 #%%% 12,2
442 11.3 3.4 *898 1.8 5.1 2.5 ##4% 1.8 0.3 9.2 *#%% 8.8 0.1 0.2 *+%* 0.1 16.8 15.3 #%% 12.5
cee  15.0 2.6 #e4s 2.1 2.9 2.C **%% 1.9 0.5 11.8 ##*% 11.3 0.1 0.2 *#¢% 0.1 18.3 16.6 *¢+% 15.4

NH3-N = AMMONIA NITROGEN

CRG-N = ORGANIC NITROGEN

NO3-N = NITRATE NITROGEN

NO2-N = NITRITE NITROGEN

TOT-N = TOTAL NITROGEN

T1 = TOWER INFLUENT

TE = TCWER EFFLUENT

a3 = CLARIFIER EFFLUENT

FI = FILTER INFLUENT

FE a FILTER EFFLUENT

MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES

DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT

QUALITY INCICATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

s = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY = CALENCAR 0OAY (JANUARY 1, 1971 = DAY 1}
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Group 3 - Period XV - Days 3/20/72 - 4/28/72

TZW4ER FLIW C.T7l GAL/MIN/FT2

peCYILE = C.C0 CAL/MIN/FT2
2AT1” 2 0.C0
FILT-? FLrWd = S.fu GAL/MILN

NITRrOEN A% ALYSES

tay HY-a, ¥O/L H IRG=N, MG/L " NO3=N, MG/L M NO2-N, MG/L ) TOT=N, MG/L ]
11 1e CE FE Tt TE CE FE 11 TE CE FE 71 TE CE FE Tt TE CE FE

466 1209 2.6 %es0 2,0 5.3 2,5 *%% 2.7 0.6 7.7 #2282 7,6 0.1 0.2 ##%¢ (0,2 16.5 12.8 ¢s¢% 12,5
X% ¢ 8.1 1.k eses [,3 5.9 2.9 ¢332 2.9 0.9 6.4 %¢*x 46,8 0,1 0.2 *¢*% 0,2 15.0 11.1 *2e¢ 11,2
468 To2 led te09 1,1 3.7 3,1 s#¢% 2,5 1.5 7.0 **** 6,9 0,1 0.2 #%% 0.1 12.7 11.7 **++ 10.6
449 11.6 4.8 %009 93008 4,1 2.0 #40% 2888 ] .2 6,54 #4%% 20ss 0,1 0.2 #¢%¢ $09% 12,9 11.4 **0s #ess
“61 G.b 1.4 0049 Y, 9 0.2 C.2 *¥%% C,2 1.6 T2 *%%* T,1 0.2 0.1 *2%x 0,1 8.4 B8.9 #+%s 3,3
462 he? 1.2 #ees 1.1 0.3 0.4 #2582 (C,2 2,0 7.9 ¢xe% 5,2 0.2 0.1 o%23 0.1 8.7 9.6 sess §,.6
463 6.7 0N.9 sesé 1.5 0.3 1.C e¢%s C.3 3.9 8.6 %¢4% 4, T 0.1 0.1 #o4% Q.1 10.8 10,6 #ees (.6
667 .1 1.9 #ss+ 1.1 0.1 O0.) ¢2e& (.5 1.0 8.4 *#*%% §,2 0.1 0.1 *4¢¢ 0,2 10.2 10.7 *¢¢s §,0
408 Teb 1.4 se2s 0.7 1.1 O.¢ %3¢ C.9 0.8 8.0 *%%*x (.2 0.1 0.l #2045 0,1 9.4 10.]1 #¢ss 7.9
eh" Tel 1,2 o000 (0,9 0.9 Q.4 #¢2¢ (.8 C,7 7.5 #2332 85,9 0,1 0.5 #*%¢ 0,1 9.0 9.6 **se 7.7
470 6.6 1.7 %%90 0,3 1.1 0.4 ¢*%¢ (C,3 0.7 7.2 #*¢% 5,8 0.1 0.2 #*% 0,1 B.5 9.0 ¢»ex §.5
474 G.6 0. ®e99 G.1 O, Q.& *x2s (.5 1.1 T.1 *s%3 2.7 (0.2 0.1 ssss 1,3 6.5 B.1 s+ 4.6
475 6.1 0.3 #2060, 1.7 .3 setx C.8 1.2 6.9 #¢2% 3,1 0.2 O] *¥%% .0, 7 9.2 8.6 %62+ 4,7
476 Ael 1.1 ¢ves 1.1 2.3 1.1 sres 1,1 2.2 6.9 *re%- 2,0 0.3 0.2 *#%% 0.7 10.9 9.3 ssex 4.9
417 6B 0,6 *eve (0,3 0.7 1.3 *%%3 1,2 1,1 7.9 #s%x 2.4 (0,2 0.1 ***+¢ 0,7 B.8 9.7 #ss%x 4,6
4R1 Te® (0.6 *023 0,3 0.1 0.3 %8 C.2 0.3 8.3 s¢s% 2,1 0.1 0.l #2202 0,2 8.3 9.3 #*3¢% 2,8
4P2 Aebr V.6 %0¢s C,3 0,6 1,6 %2 1,5 0.5 8.4 *3% 0.8 0.1 0.2 #¢sx 0,2 9.6 10.6 s*¢s 2.8
4R3 Fed 0.5 #0es 0,3 0.1 1.1 sesr 1,1 0.6 B.]1 %22 0,1 0.1 0.2 *4ss 0,1 9.3 9.9 #ss2s 1.4
484 Hod O.7 #0020 (0.6 0.6 1.1 ¢#2% C,5 0.5 8.0 *#%% (0,2 0.1 0.2 ##3* 0,1 9.5 10.0 #eesx ].4
e Teb 1.2 0088 C, 7T 1,6 1,2 #ss2¢ 1,0 1.1 7.5 #**%¢ 4.2 0.1 0.l ¢+ (0,2 10.2 10.0 s2se 4,2

tH3=N 3 AMYCTA RITRUGEM

CAG= = NMAGANIC NITRAGEN

AN3= = JITQATE KITLGEN

8A2em = YITRITE MPTREOGEN

TNT=N = TCT8L NITR{EGEN

T1 = TCASR INFLUSHT

L = TCWER FFFLUFNT

ce = CLAILFIER SFFLUENT

F1 = FILTeR [CLUINT

FE s FILTLR EFFLUYNT

P 3 MEAN VALUES FOR NITROCEN ANALYSES AND OTHER ANALYSES
FRTEAMINIE FACM PROBAAILITY PLOTS. MECAN VALUES FCR EFFLUENT
CULLITY INLICATORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSUS,

400 = PLSSINC, UANLFFINED, AND/OR UMRELIABLE DATA

cay s CALENCAR DAY (JAJUARY 1, 1971 = DAY })
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Group 3 - Period XV - Days 3/20/72 - 4/28/72

YCWE? FLOW

= De?l GAL/MIN/FT2

RECYCLT = 0.00 CAL/RIN/FT2

PAT = a.00

FILTZR FLOW = 5.CC CAL/MIN
CTHZQ AP BLYSES
cavy i $%s PG/L 1A TOC, MG/L | X SOC, MG/L X TEMP, F )

Ti 1€ CE FE Ti TE CE FE Tt TE CE FE T TE Fi

LET . 1. Lo 0384 e 16. 13, #3¥2 12, 17, 15, #%%@ 14, 46, 44, té%d
467 32. bo #bEs 1« 18. 11, ¢22x 10, 19. 10, #e¥e (0. &b, 43, #see
458 LR 1o 20989 2. 16. 13, ®ez2x 13, 15, 12. #2248 ]2, 44. 40, #ses
449 Ts 2. 9998 #2288 16, 15, tEea w&es 1B, 14, GEEE CHBE GeVE BHEN AbheE
461 4. 2. 23w 1o 16, 15, #s2e (3, R¢. (5. s®%% 164, 45. 40, ®ees
“62 2. 1€, d3we 1o 16. 1%, %ex& 19, L6, 18, #%%% 16, 4S5, 39. %¢%
463 i2. L, S089 LS L 16, #9225, 17, 16, vved 24, 42¢ 24k dré2
467 8. 3o vere 1o 18. 13, %%2e 19, 3le 24, #%%& 26, 49, 44, Rerw
“68 8. 7, s0%s Bo 19, 15, 2%ex (6, 25, 33, €8 24, 48, 44, SER
467 s, 3. esew 2o 21s 14, ®fesd 1§, 28, 23, #9%% 2T, 408. 44, #ere
70 4, 2. w029 3. 21. 13, 2%22 17. 26. 25. #4088 20, 4T. 42, %03
7% 7. Ge ®ORN 3. 20, 19, s 20, 5. 18, s¢ee 1B, 50. 4b6. 50.
4715 9. 26, tree 9. 24. 18, sexx 15, 29, 18, %t#s 19, sxe: seex 52,
&76 4. 3, %% Yo 22« 17, m®E® {9, 2C, 17. ®%®® 18, 48, 43, 47,
417 3. n, B65% t. 15. 9, 288 §1, 14, 10, 928 1]. 49. 42. 47,
LS 1a 10 %8%¢ 12, 0. 3, tese 8. 2. 9, s¥5% 8. 49. 42. 48,
432 2. 13, #ces 2. 1C. T v2es 8. 1t. Te 8838 8. 49. 43. 48,
©H3 14. 16, %92s 25, : ) Fo o2 13, 8. 8, es%% &, 49, 44, 50,
“F4 38 2, %390 4. 10. 9, #5xs 12, 1l. B, %are 9. 49. 45. 51l
cce Ta Vo 0268 ho 16. 13, #e%e 15, 18. 16, %% 16, 48. &3, 49,

58 s SUSPEACEC SOLIDS

vce 2 TCTAL CRGaA~IC CARBON

scc = SPLUPLE CRCANVIC CARBDN

Tewg = TEMPLRATUKE

I s [eER INFLUENT

153 = [(aEX FFFLUCAHT

ceg = CLARIFIER FFFLUENT

Fi 2 FILTeR 1uFLyULHT

FE T FILTER EFFLUCNT

cee = FEAN VALUES FUR NITROGEN ANALYSES AND OTHER ANALYSES
LETFRMINEE FROM PPORAPILITY PLOTS. MEAN VYALUES FOR EFFLUENT
CUALTITY [t TCATURS ANEG SYSTEM PERFORMAMNCE INDICATORS CALCULATED FROM
P EAN ANBLYSEKES,

(LS = PISSINC, UNDEFINEDs AND/OR UNRELTARLE DATA

cay =z CALE'ICAR CAY (JAMUARY 1, 1971 = DAY 11}
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Group 3 - Period XVI - Days 5/1/72 - 5/26/72

TCWER FLOW = 0.71 GAL/MIN/FTZ
RECYCLE = 0.00 GAL/MIN/FT2
RATIC = 0.C2

FILTER FLCW 5.00 GAL/MIN

CTHER ANALYSES

- - o o o -

DAY SSs MG/L it TOC, MG/L LA SOCy MG/L i TEHMP, F b
TI TE CEe FE Ti 1€ CEe FE 71 TE CE FE Tl TE F1

488 28, 13. osee 9. 14. 11. #2xx 13, (4. 10. #*¥*% 11, 52. 49. 56.
489 31. 11, #=*3s S5« 12. 10, #=#*+= 12, 15, 1l. s*x2x 13, 50. 46. 57,
490 13. 13. #2822 6. 1l4. 19, #&xx 18, 13. 1ll. **x22 19, 49, 45. 53,
491 Fo 10, #2es S. 16, 13, e3s& 13, 14, 9., #2%% 11, Sl. 46. 56
495 10. Ta #3208 4. 23. 18. #®3sE 20, 24, 21. ®xxa 23, 5], 45. S52.
%96 il. 5. %¥sw 5. 23. 19. #*xx% 20, 26. 20. ***% 24, Sl. 4&b6. 57.
497 9. 6. #9%x 20 26, 21. %exx 27, 24, 19. ®x%x 26, 53, 4T. S4.
498 27. 11, ®Bess Se 29. 22, ¥%%% 31, 29. 21. ®=42% 28, 53, 48. 56.
502 k498 26, #vID 1. o%s&  ]3, #3312, #x%%x 10, #*%x*# 12, 53. 50. 57.
503 3. 3, 23%0 2. 10. 12. ##2% 10, 10, 10. 22%% 10. 53. 50. 56,
504 3. 3, 889 le 12, 12, ®2¢x 12, 12. 10, #**23 11, #5548 s%sx 5§,
505 is 7. #9388 e 12, 11, #%2%& 12, 11, 10 %#%% 1l. 54, 52. 57,
509 5. 2. %38 4, 14, 15. #=%x& 15, 13, 13. #«x% 13, 56, 52. 57,
510 4o 12, wee2 1o 14. 11, ®#¢%s (12, 12, 1l. #*x¥x 12, 56. 52. 59.
512 3. 26, %e%s 3. 12. 12 ®xe®x 12, 12, 1l. #x*x 12, 57. 53. 60,
asae 11. 13, #s=2x% 4. 16, 14, 3%e% 16, 16, 13. **2%x 16, 53. 49, 57

SS = SUSPENCED SCLIODS

T0C = TOTAL CRGANIC CARBON

soc = SCLUBLE ORGANIC CARBON

TEMP = TEMPERATURE

T1 = TUWER INFLUENT

TE = TCWER EFFLUENT

Ce = CLARIFIER EFFLUENT

FI = FILTER INFLUENT

FE = FILTER EFFLUENT

= MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES )
DETERMINED FHROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
QUALITY INCICATORS AMD SYSTEM PERFORMANCE INDICATORS CALCULATED FROK
MEAN ANALYSES.

Lhd = MISSING, UNDEFINED, AND/OR UNRELIABLE DATA

DAY = CALENDAR DAY {JANUARY 1, 1971 = DAY 1)
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Group 3 - Period XVI - Days 5/1/72 - 5/26/72

TONER FLOW = 0.71 GAL/MIN/FT2
RECYCLE = 0.00 GAL/MIN/FT2
RATIO = 0.00

FILTER FLOMW 5.00 GAL/MIN

NITRCGEN ANALYSES

T - - >~

DAY NH3-N, MG/L X ORG-Ny MG/L LA NQ3=Ny MG/L ) NO2-N, MG/L X TOT-Ny MG/L
Tl TE CE FE Tt TE CE FE TI TE CE FE T1 TE CE FE T1 TE CE

488 5.8 0.4 ##%* 0.3 0.8 0.7 #x2¢x 0,6 0.8 9.8 #%2% (0.1 0.1 0.2 ##2x 0.1 7.5 11,1 #**x
489 Tea2 0.3 *%2x 0.3 Q.4 0.5 %%2x 0.5 0.6 8.5 **sx 0,1 0.1 0.1 s*x%x Q0,1 8.3 Ga.b *2%x%
490 Te8 0.7 %e*+¢ 0.5 0.3 0.3 *¥2%% 0.3 0.6 8.4 **x% 0,1 0.1 0.2 *2%*x 0.2 8.8 9.6 #x¢
491 723 0.4 2432 0.1 1.0 0.3 #*%2x 0,5 0.5 Te7 #*%%% (ol 0el 0.2 *+%%x 0.1 8.9 8.6 s¥#%
435 6.3 0.7 ##%¢e 0.3 0.1 0.9 *%%% 0.1 0.5 8.8 ***x 1.3 0.1 0.2 **%% 0.1 7.0 10.6 #*%%
4958 9¢3 1.5 #¢%% 0.9 1.6 0.1 *%¢«x (0.3 0.4 9.9 **x%%x 0.1 0.1 0.3 #22%x 0.1 9.8 11.7 #*%2x
497 8.9 1.4 #*#2%* (0.8 1.6 0.4 **%x (.1 0.4 6.5 *¥%x*x 0.1 0.1 0.3 *¢*xx 0.1 11.0 B.6 **¢x
498 9.8 0.8 ##ss (0.2 0.1 1.5 3s%%x 0.8 0.3 6.4 **¥2& 0.1 0.2 0.4 *¢%x%x 0.1 10.4 9.1 **5x
502 8.7 1.0 %#%* 1.1 0.5 0.9 *%%x 1,3 1.0 7.9 *x%% 2.4 0.2 Q.]l %4k *232% ]0.4 9.9 ¥&2x
503 TeS5 1o4 242+ 1.3 1.0 0.3 %=#%xx (0.1 0.5 8.5 **%%*¥ 0.2 0.1 0.2 #%2%¥%x 0.1 9.1 10.4 **%%
504 6.5 2.5 ##43% 1.2 2.2 0.1 *%%kkx 1,1 0.7 8.2 **%% 0.1 0.1 0.2 ##2%x 0.1 9.5 11.0 #*#&x
5C5 9.2 1.7 24%% 1.3 0.4 0.2 %% 0,1 0.4 T.9 *¥2x%x 0,3 0.1 0.2 *+*% 0.1 11.1 10.0 #*%%
509 9.6 0.3 #*#%% 0,3 0.2 2.7 2%%x%x 0,6 0.9 10.0 *%x%% 0.3 0.1 0.2 *¥%&" 0.2 10.8 13.2 **#x
510 10.9 1.7 ##++% 1.7 0.1 0.1 #%* (0,1 0.4 9.8 *#2% (0.1 0.l 0.2 #*%%* 0.l 1l.4 11.7 %%x%%
512 6.8 2.5 #%%¢ 1.0 3.3 0.1 #%¢x (0,3 0,2 9.8 ***% 0.1 0.1 0.4 *%%x% (0.1 10.4 12.8 *%%x
eeo 8.1 1.1 #%%% 0.7 0.9 0.6 *%%% (0.5 0.5 8.5 %%« 0.3 0.1 0.2 *#2x 0,1 $.6 10.5 ##ax

KH3-N = AMMCNIA NITROGEN

ORG=N = QORGANIC NITROGEN

NO3-N = NITRATE NITROGEN

NO2-N = NITRITE NITROGEN

TOT-N = TCTAL NITROGEN

11 = TCWER INFLUENT

TE = TOWER EFFLUENT

CEe = (LARIFIER EFFLUENT

FI = FILTER INFLUENT

FE = FILTER EFFLUENT

MEAN VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES

DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT

QUALITY INCICATORS ANO SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.

LA R = MISSING, UNUEFINED, AND/OR UNRELIABLE DATA

DAY a CALENDAR DAY (JANUARY 1, 1971 = DAY 1}
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Group 3 - Period XVII - Days 5/31/72 - 6/22/72

TAWE? FLO4 = TeT1 GAL/VYIN/FT?
ReECvylLe = G.C0 GAL/MIN/FTY2
OAT " = r.nn

FILT™? FLTW = S.20 CAL/MIN

DAY { SSy ¥G/L [N TOC, MG/L | N SOC, MG/L | X TEMP, F )
T1 fe ce Fe T1 TE CE FE 11 TE CE FE TI TE Fl
517 21, *4%54% A% Se 18. 14, s%%x% 13. 14. 12. **%%x 11, 55. 50. 5T
518 11. b, "EH= 4o 17. 15. #=xxx% 16. 14. 13, *x2%x 15, 55. 50. 56.
silq 5. 17. o822 2. 14. 12. =%exn 13, 12. 11. #*%x%x% 12, 57 54. 59.
523 1. 4le o980 ¢ 17, 18. 15. %o%% l18. 15. 14. *%x2% 15, 58. 55 61
526 13, *424% %9048 14, 46, 24, kA% 25. 35, 21. *%¥%* 16, 59. 5. 61.
525 21. 2. 9hen 3. 36. 240 ®Ex& 21, 18. 15, *%2u2 16. 59. 56. 62.
526 4. 15, #2208 3. 34, 25, Rxex 28. 25. 19, *2&%x 20, 60. 58. 63.
510 &G, 37, »ec2 95 49. 34, %5d%x 38, 35. 25. %®%%x% 28, 58. 55. 60.
531 8. 2o HERS 2. -19. 13, ==%x% 18, 17. 13, #2216, 60. 58. 62.
532 T. 1), wen2 10, 13. Q. %% 12. 9. 9, ®&k% 10. 62 60. *%xEEk
533 15. 28, Axns £. 14, 14, *a*x% 12. 18. 14, &% 12, 60, 57. 63.
5137 3. 4 . #e0% 17. 19. 22, ®%%x% 34, 31l. 2. 2Ex% 33, 6l. 59, 64 .
518 26. 52. %3xx  D2e£. 21, l&, s 19, 24, 18. ¥xkx 20, 60. S57. 65«
539 47, LG, ¥ERH )., THAEe Fo kD Hikd Rdhgk Kdek kkxk Aduk sk 59, S4a 61,
ven 20. 3. #8200 1C. 26. 18, *%xx% 20, 21. 16. **2%x 17, 59. 56. 61.
SS = SUSPELNCED SnLiIns
TnC = TCTAL CROGANTIC CARRBON
SCC = SCLUBLE C&RCANIC CAREBQON
TEMP = TOVMPERATUV-
Tl = TCACR INMFLUZNT
T = TOWER EFFLUSNT
ce = CLARJFIER [FFLUENT
Fl = FTILTER IMNFLUSKHT
FE = FILTER EFFLUINT
ces = MEAN VALUES FOR NITROCEN ANALYSES AND OTHER ANALYSES
DETERMINLY ¥FROM PRORARILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALLITY [INCICATNRS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANALYSES.
r8 0 z 4[SSINC, USCLFINED, AND/QOR UNRELJIABLE DATA

CAY = CALENCAR LAY {(JAWUARY 1, 1971 = DAY 1)
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Group 3 - Period XVII - Days 5/31/72 - 6/22/72

ToWER fFILCw
RFECYTLE

ArT |7
FILTE? FLTW

C.Tl GAL/MIN/FT2
GAL/MIN/FY2

oo
-
L
=
e]

A%
S.C0 GAL/MIN

- - -

caYy | “H3- ), MG/L )" NRG=-N, MG/L " NO3=-N, MG/L )¢ NQ2-~N, MG/L X ¢ TOT=Ny MG/L
Ti Te ce. FE T1 T¢ CE FE T1 TE CE FE TI TE CE FE Tl TE CE
517 R,7 2.0 #38+ 1.1 0.1 1.3 =2xx C.7T *%%%x 8.9 #22* 0.4 0.1 0.6 **%x 0,1 11.0 12.8 *%+»
51A 9.7 D.R 3383 0.7 D.l C.P %xx* C.4 C.2 9.1 *¥**%x 0.1 0.1 0.6 **x%x (0.1 10.1 11.3 #*&%x=*
519 10.0 1.1 #*2s¢ 1.1 0.1 O.4 =¢2x C.7 0.6 9.5 *s%x* (0,1 0.1 0.6 ¥*%% 0,1 11.6 11.6 **%=%
523 10.3 3,2 ##s+ 1.3 Q0.1 0.1 %2%% Q.1 0.4 9.2 #%%¥%x Q0.] 0.1l 0.5 #¥%%x (0.1 10.8 12.9 ***»
524 12.0 0.1 #*#ss (C.3 0.1 C.? 2%% 0,1 O.1 8.9 %x%x%x (0,1 0.1 1.0 *%%kx 0,1 12.2 10.2 ***%
525 12.0 1.3 eo2e 1,1 0.1 Q.7 %%ex C,7 0.2 9.4 %2xx 0.1 0.1 0.6 *%%%x 0.1 12.4 12.0 ***%
526 1. 0.9 o%3» (.6 teot ] .9 2¢xk 2,6 0.2 9.4 *%3%x 0,2 0.1 0.6 *%%xx 0,2 11l.4 12,4 *%%%
530 14.0 1.2 #2222 (0.7 2.5 1.C #%%x 1.2 0.7 9.5 &x¥x #kkk Q0.1 0.5 *¥%¥%% Q.4 17.3 12.2 **%%
531 14.7 1.1 #2223 - 1.0 3.1 1.5 %&%% 2,0 0.1 9.5 *2#%x 0.1 0.1 0.5 *%%x%x 0,1 18.0 12.6 **%*=*
532 11.9 1.9 #5832 (0.9 0.8 0.6 %x%xx%x (.6 Q.1 9.4 %x¥x%x (0,2 0.2 0.6 #¥¥%¥kx (0,1 122 11.9 *2%x%x
533 D9 1.1 #s%2 C.7 1.0 C.6 =%x%x (.4 0,] #akx kx%k (0,1 0,1 0.2 *%2x 0,1 9.2 #%%% *&i%k
537 1.0 2.3 #2233 2.C 1.9 1.4 =%xs%x 1.4 (C,1 8.4 t2%& 0,1 0.1 0.6 ***% 0,2 14.2 11.3 **%x
538 11.7 2.3 #%22 1.0 0.7 1.1 *sx¢ (.7 0.1 8.5 #x*%x (0,1 0.1 0.2 #**%& 0.1 11.9 11.0 *%¢x
5397 12.6 2.8 #*20¢ 2.6 0.7 1l.l *22% (.4 (0.1 8.4 *¢*% 0.1 0.1 0.8 #=x*xx (0,1 12.8 12.0 ***x
ove 11.8 1.5 2922 1.0 0.8 C.G #5%¢ (0.8 0.3 8.7 *%%¥* 0.2 0.1 0.5 =¥xx (0,1 12.5 11.3 ***x
SH3= = ARECVMTA NITROGEN
o=\ = (RGANIC NMITROGEN
RC3-t = SITIATE LITRGOEN
A02-% = NITRITE L ITRGGER
TOT=* = TCTAL ANITROG:N
Ti = TCAER INFLUENT
TE = WS EFFLUENT
ce = CLAIFIER EFFLUENT
F1 = FILTER ITFLULNTY
FE = FILTER EFFLULNT
con = MFAN VALULES FOOR NITRUGEN ANALYSES AND OTHER ANALYSES
LETERVISID FvaM PRODBABILITY PLOTS. MEAN VALUES FOR EFFLUENT
CUALITY It [CATORS AND SYSTEM PERFORMANCE INDICATORS CALCULATED FRQM
MEAN ANALYSES.
LA A = MISSIANC, ULCEFINED, AMD/OR UNRELIABLE DATA
ray = CALENCAR CAY (JAYUARY 1, 1971 = DAY 1)

-
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TOWER ELCH
ezLyCLE

25717

LS O R

Group 3 - Period »VIII - Days 6/23/72 - 7/19/72

CeT1l SAL/VIN/FT2
O.CC GAL/MIN/FY2
t.CC

5S.CO GAL/MIN

[T U T |}

FLCW

CTHER ANALYSES

540
544
545
546
547
552
553
€54
558
559
560
561
Ses
566

T

47.
LR R ¥
e.
1.
21.
14.
10.
14.
3.
4,
15.
29.
e
9.
11.

SS
TeC
scC
TEvE
T1
TE

Fl
FE

a2
DAy

SSe MG/L " TOC, MG/L ) SOC, MG/L Y TEMP, F }

Wow ot onou uow

"

1€ Cce FE T1 TE CE FE T1 TE CE FE TI TE FlI

S52. #9829 3., 24. 174 ®xxx 17, 3C, 21. %*%%%x 19, 59, 53, *k&x
By, *2ee 1. 16. 12, s%ex 13. 13, 1C. *%%% ]10. 6l. 57. 61.
59, ses l. l4. 13. nagk 12. 9. 14, *%k% 9. 62. 59 64,
55. ¥e%% 1. 22. 13, =%2%x 14, 13, 12. *%*%x 17, 62. 59. 65.
TL, #*v%% 3. 17. 13. =xex 16, 19, 13, %%k 12, *x4% k2% H4,
75, st 2. 31. 20. ssax 20, 24, 17. **%% 19, 60. 55. 61.
19, »2eex 2. 23, 19. xx%%x 20, 20, 15. ®=%%%« 21, 61l. 56. 61,
21. *t%3 3. 24, 168 ®xx% 19. 16. 13. %=%%%x 16, 62 57 62.
1K, »222 t. 22. 23, He%%k 19. 21. 16, *xx% 22, 62. 60. 66.
31. #99n 1. 24, 29 . ®x%E 24, 2¢€. 29. *%x%x%x 23, 63. 62. 67T,
15. *542 l. 32. 26, %% 249, 27. 29, %%%x% 23, 63. 61. 67,
3o, %k d 2. 33. 29. %%e% 20, 26, 19. %*xx*x 19, 63, 60. *F¥«#
11, #2284 3. 11. 13, #%%¢ 9. 13. 13, #&%% 9. 63, 61. 67
15, #%%3 3. 17, 24. FE%k 17, 18, 170 *%%% 17, 63. 6l. 67,
35, wvak 2. 22. 16, %x%x 1B, 2C. 1T7. #*=%=*% 17. 62. 58. 64.

SuspenCrp SOLILS

TCTaL CRGAANIC CARBON
SCLUBRLE URCANIC CARBON
TEMYPERATURE

TCWER INFLUENT

TCWER EFFLUCHT
CLARIFIEK EFFLUSNT
FILTZR [HFLUSNT

FILTER EFFLUZNT

FEAN VALUES FOR NITRCCGEN ANALYSES AND OTHER ANALYSES

NETERMINZND FROM PRORABILITY PLOTS. MEAN VALUES FOR EFFLUENT

CUALITY INCICATORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN O ANALYSES.

#{SSINC, UADFFINZD, AND/0OR UNRFALIABLE DATA

CALZNCAR DAY (JANUARY 1, 1971 = DAY 1)
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Group 3 - Period XVIII - Days 6/23/72 - 7/19/72

540
564
545
566
5/'7
592
5573
55¢
559
559
560
561
565
566

E3CY

12.19
12.6
582
12.5
11.7
4.6
l6.0
14,1
131.5
14.6
13.9
13,2

6.7

£.2
13.4

NH3 -1,
CRG=%
KO3 -*
N2 -t
T0T=A
Ti
TE
ce
Fi
FE

LR
CAY

FLCw = D.71 GAL/MIN/FT2
= = .00 GAL/MIN/FTZ
= 0.C0
FLCW = 5.00 GAL/MIM
ALY SES
H3la, ¥G/L M JRG-N,y MG/L it NO3-N, MG/L | N NQO2-N, MG/L [ X4 TOT-N, MG/L )
TE CE FE Tl TE CE FE 71 TE CE FE T TE CE FE TI TE CE FE
1.2 #2383 2.2 (0.9 1,2 2%2%x 0,8 0.1 7.5 **%% 6.1 0.1 0.5 #¢xx (.1 14.0 11.0 #*2%x Q.2
2.1 2Ax2 1.4 Q.7 1.2 %Exx C.2 lal 10.5 #*%%% 10.5 0.1 0.5 *2%% 0.5 14.5 14.3 #%%%x 12,6
SHeED 2602 230 Bkd% HKAgEk AAwE XAk Ool 9,5 ExkXx 2.3 0.1 0.5 *%%x% O3 t%#% Bkt %%k Sxe¥
2.5 %8¢ 1.9 1,3 0.6 *%=kx C.6 0.1 10.1 *2e%x 10,4 0.1 0.5 *#¥x% 0.2 14,0 13.7 **x+%x 13,1
1.9 2292 1.4 0.8 0.R *2sx (.8 0.1 10.6 *s%& .0 0.1 0.3 **2% 0.2 12.9 13.6 *&+%x 3.4
halh o8¢ 3.2 1.2 0.7 s%%% 1.1 Coeb 9.4 #x%% (0.9 0.1 0.6 *%k% 0.7 1643 15.1 **%xs 5.9
3.6 #2002 3.3 0.3 0.2 %=%% C.5 C.l 8.5 *#&x%k Q.1 0.1 0.6 *%2% (0,2 15.1 12.9 #%2%%x 4,0
2.8 #res D 2 1.1 Q.6 %%xx 1.0 0.4 9.6 %xxx (.1 0.1 0.7 *%2% Q.1 15.7 13.7 *t4% 3.4
D.8 #2985 0.8 0.9 1.3 *%x% 1,1 0.7 10.8 *%%%x 0.2 0.1 1.0 *%%%x (0.5 15,2 13.9 *%%k%x 2,6
2.6 2e%e 2.3 (0.6 0.6 ®=txx (.6 0.2 9.1 ®x¥x*x 0,1 0.1 1.4 #%%x 0.6 15,3 13.7 **2% 3.6
2.5 #8%% 2.3 (0.6 (.G %=tz C.6 0.1 9.7 #*x¥%x 0.1 Q.1 0.8 *%%k% 0.2 14.T7T 13.9 **%x 3,2
1.3 ¢4s2 t.2 1.0 1.5 sxx% 1.5 0.6 Q.7 #*%%x% (0.5 0,1 0.8 #%2%x (0.5 14.9 13.3 *%x*% 3.7
C.B #2sex (.5 2,7 1.C =%2xx (.8 1.3 8.9 *%2% (0.9 0.2 0.5 #*%%x. 0.3 10,4 11.2 **%%x 2.5
0.1 #22¢ (0,1 2.9 2.5 %% 2,2 (0.7 9.4 *%x%x (.1 0.1 0.6 %*%k (0,3 12.9 12.6 *%*%% 3.7
2.0 #¢%3 1.7 0.8 (0.8 %%x& 0.8 0.4 9.5 *x%¥x% 1.1 0.1 0.5 #*%%x 0.3 14.3 13.3 *%2x 3,6

AMMCHTA MITROGEN
(RGANIC NITROGEN
MITRATE WITRONGEN
NITRITE NITANGEN
TCTAL NITROGE™N
TCHER INFLUENT
TCWER EFFLLTMTY
CLARIFIER FFRFLUENT
FILTER [*FLURNT
FILTER FEFFLVENT

{2 LI (A L I TS [ A TR )

"

FEAN VALNES FOR NITRCGFN ANALYSES AND OTHER ANALYSES

PFTERMIACEY FROM PRCBABILITY PLOYS. MEAN VALUES FCR EFFLUENT

CUALLITY [STCTCATORS ANC SYSTEM PERFORMANCE INDICATORS CALCULATED FROM
MEAN ANBLYSES.

MISSINC, UNDEFINFD, AND/OR UNRELIABLE DATA

CALEMT AR LY (JANUARY 1e 1971 = 0AY 1)

)
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Group 9 - Period XIX - Days 7/21/72 - 9/1/72

TOwESR FLOW O«Tl GAL/MIN/FT2

PECYCLE - 0.50 GAL/KWIN/FT2
pavIcC - 0.70
FILTZR FLCW =» 5.00 GAL/HIN

CTHER A%NALYSES

pav $Se MG/L LK TOC, MG/L 34 S0C: MG/L | X TEMP, F b
TI TE CE FE T TE CE FE ¥i TE CE FE Tt TE Fi

568  ®ses 33, 18. 3. 29. 19. 18. 15. 34. 18, 19, 13, s0¢s vsee sose

572 27, 3s. 17. 10. 18. 15. 15, 13, 17, 15. 15 12, 65. 63, s¥es
574 26. 35. 10, 9. 15, 17. 1%. 11, 1% 14, 15, 1l 62. 58, #9%s
515 35, 4B. 15 Te 15 17. 16. 14. 15. 18, 18. 14, &3, 58, %&x%
579 14, ¢&&. 20. 1. 50. 4l. 3b6. 25, 3C. 22. 27. 1B, b4, b2, #+xe
580 13. 29. 32. le 43, 29. 30. 25. 24 22. 18. 21. 65. 64, #se3¢
581 6. &7, Te 1. 47. 40. 31. 25. '22. 23. 24, 18. 64 62. s¥s&
582 20. 22. 20. 7. 36. 40. 34. 35. 23. 28. 26. 21s 6b4. 60, w08
S5e6 4, 4. 8. 9. 40. kb6, 40, 50, 23. 32. 28B. 31 63. 59, #tsé
58T ti. 82. 20. 1. 59 &l. &0, 32. 32, 29& 29. 29. &3. 59. %s2¢
548 26, 10. 19, le 57. 40. 40. 29. 340 27. 32, 25. 63. 59, %#»s
589 28. 23. 25. t. 60, 39. 38, 32. 43, 28. 27. 23. 6%. 59, #¥t2
596 31, 50. 33, i. 31. 33, 29. 16. 18. 28. 26, 15, ¥953% $h6e 4842
595 5. 17. 2a e 21s 166 16. 160 16, 12. 15. 1lo 64, &l. #¢ex
596 32, 89. 30, 1. 51l 38, 24a 17. 370 2lo 23 17, ®¥%s 36% 20 te
500 40, Boc8 Ssss 6. 43, 32. 30. 22. 30. 2% 25. 17. &b, 62, #ute
6C1 o4 44, 15, %ese  TH, 32. 27. 30. 4l. 24. 25, 25. 6T. 66, werw
6013 26. 85. 33, 5. T3, =& 60, &0. 25, 3%¥é¢ 22, 23, 66, b4 tek%
607 40. 99. 11. 2. 63, S56. 40. 42. 43. 35, 34, 3T bbo 64o #3802
608 17. 65. 10, le 49. 42. 35. 42. &3o 35, 28. 37« 66. 63. 2663
609 14, 87, 5e 1. 53. 43, 37, 28. 42, 27 30, 27, 66. bH4o tess
610 3, 64, 10. 3, 25, 4le. 20. 13, 1é6. l4s 13, 12, 66. b4, 2%
ese 21. 58. 17. 3. 43. 34. 30, 27. 28 2%. 2k, 21, 65, 62. o328

Ss = SUSPENCED SOLIDS

T0C ® [CTAL CRGANILC CARBON

socC = SCLUBLE ORGCANIC CARBON

TEMP = VTEHPERATURE

T = TCWER INFLUENT

TE = TCHER EFFLUENT

CE a2 CLARIFIER EFFLUENT

Fi s FILTER INFLUENT

FE = FILTER EFFLUENT

cee s PEAW VALUES FOR NITROGEN ANALYSES AND OTHER ANALYSES
DETERMINEU FROM PROBABILITY PLOTS. PEAN VALUES FCOR EFFLUENT
QUALTITY INCICATORS ANC SYSTEM PERFORMANCE IMNDICATORS CALCULATED FAOR
PEAN AMALYSES,

LAl = KiSSING, UNUEFINED, AND/OR UMRELIABLE DATA

Day = CALENDAR DAY (JANUARY 1, 1971 = DAY 1)
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NO3=-N, MG/L Y NO2-N, MG/L ¥t TOT-N, MG/L
TI TE CE FE TI TE CE FE TI1 TE CE FE

)"

FE

mG/L
CE

TE

Gropu 9 - Period XIX - Days 7/21/72 - 9/1/72

ORG=N,
Tl

)

0.71 GAL/MIN/FT2
FE

0.50 GAL/MIN/FT2

0.70
5.C0 GAL/MIN

CE

»G/L

TE

CYCLE
NH3Y=-N,
T

k4

{

TOWER FLOW
RATIO
FILTER FLCW =

2

NITRCGEN ANALYSES

OAY

MO OODOVOVOITOQmMMO O
¢ ¢ 8 s s e 0 0 2 v e e s @

FNNAN~QOVOVDOO~OOC
ot o ot el

9.2
7.4

NP OMNMEONMONGC O

9.6
8.4

11.7 15.8 15.6 10.5
8.7 10.

9.7
7.9
9.2 12.0
8.2 11.7 10.

13.7 ¢#%38 11.5 12.4
8.3

16.4 12.3 13.0 9,0
13.7 14,6 12,3 ¢x%»
*oss 13,5 14,8 s%e
17.1 18.0 14.4 11.4
11.2

OC000O0O0DOOODOOCODOODOCOOOOOO0O

COMNMOMOOE M AN NN NN NP i AN
e & ® & 2 & 8 0 & & & @ " ° @+ & % o 8 s &

QO et i it D DOOQOO0OOOOODOCODOC0O

O MOOMEPIPFVNIOOD OOV —=INMO
® 0 & 0 4 6 4 5 B 4 e § 6 8 4 s s 6 b & & v o

OO OODO0O0O~000QOOQOOCO

et et NN NN~ NANDONDOMO NN
€ & @ 4 8 3 & 2 4 8 8 4 3 % 4 & s B % s s s

COO0O0O0OO0OOCLOOOOOOOO0OO00O0OOCO

BN OV T LFODDOm O DAO RN 0

@ ¢ & e 8 9 8 8 A4 e & e B & 2 T ¢ ¥ e gt 0

WO DOV LV IODOCD®MWOMUN OO N~
-

ODNDOMN TN ORROMMOM et

@ 8 6 5 ¢ 6 ¢ 0 4 e o s s 0 4 4 0t & o ¥ ¢t & »

MR ODO IOV~ OOOTVOTDTD
- -

PO NOOMOVOTOOE SN ~NN s

@ 8 @ 5 e ¢ o 5 & o s = e 8 3 4 S 8 e s e s

PR OOOONNNNMNMNMNOCROOPOODRO~ROD
- -t -

- T N AN et ot d d NN NO - NYO
¢ @ ¢ 4 % 9 & 2 8 s s 8 4 8 ¥ e ¢ 8 0 s
ONOROOOONDODOOOOCOMOQOO~O~O
-*
L ]

B EMMNSNLTOAROANNNDONMNODO
PO S S R S S S R S S T A R N )

@At Ot N NN NN N ot Nt ot ot O ot
. &
MNONONNT O Lt Ot ORMNMITIOONOY ~©

8 & 0 6 8 5 8t & " ¥ s & s 8 C s e s s
Mt OMNMEA QO N NNNMAMNONM- TN

AND/OR UNRELIABLE DATA
1971 = DAY 1)

OB OTOEMAFNOQONDE N NINM
el ¢ & 3 0@ & % & ¢ o s 4 s & * E 2 4 & ¢ o

MEOMOO G MMATON~N~SGNOM~OODMN
* -* *

MNDO Mt O DLOCCO0O~0D
@ 8 8 5 & ® ¢ & % 4 & 9 8 " 4 e s & 5 e 2 &0

52325“323\«4“‘334376303

{ JANUARY 1,

NN OPNRNANNMaDONMAWNOE NN~
s 8 8 & o 4 4 4 % 1 4 ¢ 2 % & 4 & s 6 ¢ ¢ v ow
A QMO ODOONOQOODO~0O00CO0O

[NCICATORS AND SYSTEM PERFORMAMCE [NDICATORS CALCULATED FROM
UNDEFINED,

INFLUENT
MEAN ANALYSES.

INFLUENT

= TCWER EFFLUENT

OMTONFRINMDANNGODTO—AFROCNTOONT
@ & 9 & & & & o 8 @ 8 & ° O ¢ s O 8 B e b e

Attt M ODOOQOO~OO0OO—~OCONO~OO

DETERMINED FROM PROBABILITY PLOTS. MEAN VALUES FOR EFFLUENT

AMMONIA NITROGEN

CRG=N = URGANIC NITROGEN
NO3-N = NITRATE NITROGEN
NC2-N = NITRITE NITROGEN
TOT-N = VTOTAL NITRCGEN
TCWER
QUALITY

_rd D OO TN ODVNOMNLC OO
s & 8 6 ¢ 8 4 e & 8 € & 6 % & @& 5 s 2 s+ o

OO~ OOO0M~00~=—=~0ON—00O0
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APPLICATION OF PLASTIC MEDIA TRICKLING FILTERS FOR : »
BIOLOGICAL NITRIFICATION SYSTEMS C s g

Duddles, G, A., and Richardson, S. E,
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Environmental Protection Agency report number,
EPA-R2-73-199, June 1973.

This study demonstrated the feasibility of using plastic media in a stage system
to achieve biological nitrification of municipal effluents, The secondary
effluent from the Midland, Michigan, wastewater treatment plant was dosed to

a pilot scale trlckllng fllter containing plastic media with a specific surface
area of 27 ft2/ft3. This effluent contained 15- 30 mg/l of BODg5 and 10-20 mg/l
of ammonia nitrogen. When dosed to the filter at application rates of 0.5 gpm/ft
consistent nitrification was obtained under both summer and winter conditions.,
Net cell growth was minimal, and the filter effluent could be directly filtered
by tri-media filtration. The tri-media filter also served as a denitrification
system when methanol was added to the nitrified effluent ahead of filtration.
Significant changes were noted in the operational characteristics of the tri-
media filter,

#Biological treatment, #Nitrification, *Denitrification, ¥Trickling filters,
Municipal wastewater, Filtration

*Temperature effects, *Ammonia nitrogen, *Nitrate nitrogen, *Process efficiency,
Frequency distribution
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